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Description 

Technical  Field 

5  This  invention  relates  to  the  field  of  vaccines  and  diagnostics  for  infectious  diseases.  Specifically,  it 
relates  to  the  disease  syndrome  caused  by  bovine  diarrhea  virus,  and  to  vaccines,  therapeutics,  and 
diagnostics  derived  from  the  genomic  sequence  associated  with  the  BDV  virus. 

Background  Art 
70 

Morbidity  and  mortality  caused  by  bovine  diarrhea  virus  (BDV)  in  dairy  and  beef  herds  is  a  worldwide 
unsolved  economic  problem.  A  subclinical  form  characterized  by  high  morbidity  and  low  mortality  is 
endemic  and  is  associated  with  diminished  respiratory  capacity,  neonatal  diarrhea,  ulcerations  in  the 
digestive  tract,  immunodeficiency,  and,  in  calf  bearing  bovines,  abortion  and  teratogenicity.  The  disease  is 

75  recognizable  in  calves,  but  adult  carriers  are  difficult  to  identify. 
An  acute  form  of  the  disease  results  from  infection  of  the  fetus  in  the  first  trimester  of  pregnancy.  The 

course  of  this  form  of  the  disease  is  insidious.  The  calves  may  survive  the  first  infection,  but  those  that  do 
become  immunotolerant,  and  excrete  live  viruses.  They  cannot  survive  a  second  infection.  Since  their 
capacity  as  carriers  cannot  be  detected  by  titration  of  their  sera,  these  animals  are  responsible  for 

20  spreading  of  the  disease  from  herd  to  herd. 
BDV  also  infects  hog  populations.  In  hogs,  it  is  important  to  distinguish  animals  as  being  infected  by 

either  BDV  or  hog  cholera  virus,  since  hog  cholera  is  an  economically  important  disease,  while  the  bovine 
diarrhea  infection  is  of  transient  significance,  and  could,  for  the  most  part,  be  ignored.  Hogs  infected  with 
cholera  must  be  slaughtered,  and  since  present  diagnostic  methods  in  hogs  cannot  distinguish  between 

25  these  two  types  of  infection,  hogs  which  are,  in  fact,  only  infected  with  BDV  must  also  be  destroyed. 
Present  means  of  detection  of  BDV  infection  in  calves  are  equally  deficient,  in  that  they  rely  on  titration 

for  antibodies  in  sera,  which  titration  will  fail  to  detect  the  immunotolerant  calves.  Thus,  a  diagnostic  method 
is  desired,  but  presently  unavailable,  which  is  capable  both  of  detecting  the  presence  of  the  virus  in 
newborn  animals  with  chronic  infections,  and  in  distinguishing  between  hog  cholera  virus  and  BDV 

30  infections.  This  could  be  accomplished  either  using  antibodies  with  high  affinity  and  specificity  for  the  virus 
particles  or  using  nucleic  acid  oligomeric  probes  capable  of  specific  hybridization  to  the  viral  sequences. 

Similarly,  in  addition  to  the  need  for  improved  diagnostics,  there  is,  at  present,  no  effective  vaccine 
which  is  successful  in  preventing  the  spread  of  the  disease  caused  by  BDV.  It  is,  of  course,  desirable  that 
such  a  vaccine  would  confer  long-term  immunity,  would  not  infect  the  fetus  of  the  inoculated  animal,  and 

35  would  have  no  undesirable  side  effects  such  as  induction  of  immunotolerance  to  the  virus,  or  depression  of 
the  immune  system.  These  characteristics  are  difficult  if  not  impossible  to  acquire  in  an  attenuated  or  killed 
virus  vaccine.  Such  vaccines,  for  the  most  part,  constitute  the  present  state  of  the  art  (Saurat,  P.,  et  al,  "La 
Maladie  des  Muqueuses"  (1972)  pp.  229-251,  L'Expansion  scientific  francaise  Paris).  Recently,  Fernelius,  A. 
L,  et  al,  (Am  J  Vet  Res  (1971)  32:1963-1979)  have  reported  a  vaccine  prepared  from  a  high  molecular 

40  weight  soluble  antigen  obtained  by  density  gradient  centrifugation  from  BDV  virus  grown  in  embryonic 
bovine  kidney  cells. 

The  approaches  used  in  the  art  for  the  detection  of  and  protection  against  bovine  viral  diarrhea  have 
been  largely  empirical  and  have  not  utilized  refined  knowledge  of  the  nature  of  the  vector  causing  the 
disease.  The  bovine  diarrhea  virus  has,  however,  been  classified,  along  with  hog  cholera  and  border 

45  disease  viruses  as  a  pestivirus  which  is  a  member  of  the  family  Togaviridae  (Porterfield,  J.  S.,  "The 
Togavirions.  Biology,  Structure,  Replication"  Schlesinger.  W.,  Ed.  (1980),  Academic  Press,  pp.  17-24). 

By  analogy  to  other  togaviruses,  these  viruses  should  contain  a  capsid  protein  and  two  or  three 
membrane  glycoproteins  (Horzinek,  M.C.,  Non-arthrpodborne  Togaviruses  (1981),  Academic  Press,  London. 
Epitopes  which  are  capable  of  raising  antibodies  associated  with  neutralization  and  protection  against 

50  infection  are  expected  to  be  contained  in  the  membrane  proteins  (e.g.,  see  Boere,  W.,  et  al,  J  Virol  (1984) 
52:572-582).  The  pestiviruses  are  also  characterized  by  soluble  antigens  that  are  approximately  80  kD 
proteins.  A  76  kD  protein  from  BDV  has,  in  fact,  been  used  as  an  experimental  vaccine  (Fernelius,  A.L.,  et 
al,  supra). 

55 
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Disclosure  of  the  Invention 

The  invention  is  as  described  in  the  appended  claims  1  to  21  . 
The  invention  provides  cDNA  copies  of  the  entire  bovine  diarrhea  virus  RNA  genomic  sequence.  This 

5  makes  available  the  entire  repertoire  of  peptides  synthesized  by  the  virus,  and  makes  possible  the 
preparation  of  proteins  which  contain  epitopes  effective  and  specific  in  generating  desired  antibodies  and,  in 
providing  cells  suitable  for  production  of  monoclonal  antibodies.  The  primary  structure  of  the  genome  also 
provides  the  necessary  information  to  construct  oligomeric  sequences  useful  as  diagnostic  probes. 

The  protein  products  are  thus  able  to  serve  as  vaccines  to  protect  animals  subject  to  infection  by  this 
io  virus  from  subsequent  illness.  The  accessibility  of  the  entire  genome  provides  opportunities  for  production 

of  effective  proteins,  such  as  major  virion  components  and  individual  virion  subunits  which  would  be 
unavailable  using  "native"  production  techniques,  i.e.,  from  viral  infection  of  tissue  cultured  cells. 

Accordingly,  in  one  aspect,  the  invention  relates  to  a  nucleotide  sequence  substantially  identical  with 
that  representing  the  entire  genome  of  BDV  as  shown  in  Figure  2.  Other  aspects  of  the  invention  concern 

75  DNA  or  RNA  sequences  derived  from  portions  of  the  genome,  said  sequences  not  necessarily  representing 
contiguous  portions.  These  are  useful  both  as  diagnostic  probes  and  as  coding  sequences  for  desired 
proteins. 

Other  aspects  of  the  invention  include  expression  systems  for  the  foregoing  DNA  derived  from  BDV 
which  are  effective  in  expressing  this  DNA  in  suitable  heterologous  hosts,  including  procaryotes,  yeast,  and 

20  mammalian  cells.  Live  viral  vectors,  such  as  vaccinia,  can  also  be  used  as  carriers,  and  permit  expression 
of  the  desired  antigens  along  with  the  carriers'  proteins  in  infected  cells.  Also  included  in  the  invention  are 
hosts  transformed  with  these  expression  systems  and  the  proteins  thus  produced.  The  proteins  produced  in 
this  way,  or  chemically  synthesized  to  correspond  to  the  deduced  sequence,  may  be  used  as  vaccines 
either  alone,  or  in  conjunction  with  carrier  proteins  which  enhance  their  immunogenicity.  In  addition,  the 

25  proteins  may  be  used,  either  alone  or  conjugated  with  carrier,  to  elicit  production  of  antibodies  which  are 
useful  in  diagnosis  of  carriers  of  the  disease  or  in  other  immunoassays  related  to  BDV. 

The  invention  also  relates  to  methods  for  preparing  these  polypeptide  vaccines  and  immunoglobulins, 
and  to  methods  of  using  the  materials  thus  prepared. 

30  Brief  Description  of  the  Drawings 

Figure  1  shows  the  map  of  overlapping  segments  of  cDNA  which,  together,  make  up  the  entire  BDV 
genomic  sequence  and  cDNA  fragments  used  to  construct  E.  coli  expression  vectors. 

Figure  2  shows  the  complete  nucleotide  sequence  for  the  BDV  genome.  The  cDNA  contains  the 
35  identical  sequence,  except,  of  course,  that  T  will  be  substituted  for  U.  The  deduced  amino  acid  sequence, 

based  on  the  open  reading  frame,  and  confirmed  by  expression  of  segments  is  also  shown. 

Modes  of  Carrying  Out  the  Invention 

40  A.  Definitions 

As  used  herein,  a  nucleotide  sequence  "substantially  identical"  to  the  exemplified  BDV  genome  refers 
to  a  sequence  which  retains  the  essential  properties  of  the  exemplified  polynucleotide.  A  specific,  but  non- 
limiting  example  of  such  substantial  equivalence  would  be  represented  by  a  sequence  which  encodes  the 

45  identical  or  substantially  identical  amino  acid  sequence,  but,  which,  because  of  codon  degeneracy,  utilizes 
different  specific  codons.  Nucleotide  changes  are,  indeed,  often  desirable  to  create  or  delete  restriction 
sites,  provide  processing  sites,  or  to  alter  the  amino  acid  sequence  in  ways  which  do  not  adversely  affect 
functionality.  "Nucleotide  sequence"  refers  both  to  a  ribonucleotide  and  a  deoxyribonucleotide  sequence 
and  includes  the  positive  sense  strand,  as  shown,  and  the  negative  sense  strand  as  well. 

50  A  DNA  sequence  "derived  from"  the  nucleotide  sequence  which  comprises  the  genome  of  BDV  refers 
to  a  DNA  sequence  which  is  comprised  of  a  region  of  the  genomic  nucleotide  sequence,  or  a  combination 
of  regions  of  that  sequence.  These  regions  are,  of  course,  not  necessarily  physically  derived  from  the 
nucleotide  sequence  of  the  gene,  but  refer  to  polynucleotides  generated  in  whatever  manner  which  have  the 
same  or  "substantially  identical"  sequence  of  bases  as  that  in  the  region(s)  from  which  the  polynucleotide  is 

55  derived.  For  example,  typical  DNA  sequences  "derived  from"  the  BDV  genome  include  fragments  encoding 
specific  epitopes,  fragments  encoding  portions  of  the  viral  polypeptide,  sequences  encoding  the  capsid 
proteins,  sequences  encoding  deleted  virions,  and  sequences  encoding  other  useful  viral  genes. 

3 
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"Recombinant  host  cells",  "host  cells",  "cells",  "cell  lines",  "cell  cultures",  and  other  such  terms 
denoting  microorganisms  or  higher  eucaryotic  cell  lines  cultured  as  unicellular  entities,  are  used  inter- 
changeably,  and  refer  to  cells  which  can  be,  or  have  been,  used  as  recipients  for  recombinant  vector  or 
other  transfer  DNA,  and  include  the  progeny  of  the  original  cell  transfected.  It  is  understood  that  the 

5  progeny  of  a  single  parental  cell  may  not  necessarily  be  completely  identical  in  morphology  or  in  genomic 
or  total  DNA  complement  as  the  original  parent,  due  to  accidental  or  deliberate  mutation.  Progeny  of  the 
parental  cell  which  are  sufficiently  similar  to  the  parent  to  be  characterized  by  the  relevant  property,  such  as 
the  presence  of  a  nucleotide  sequence  encoding  a  desired  peptide,  are  included  in  the  progeny  intended 
by  this  definition,  and  are  covered  by  the  above  terms. 

io  "Control  sequence"  refers  to  DNA  sequences  which  are  necessary  to  effect  the  expression  of  coding 
sequences  to  which  they  are  ligated.  The  nature  of  such  control  sequences  differs  depending  on  the  host 
organism:  in  procaryotes,  generally  such  control  sequences  include  a  regulatory  region  promoter  and 
ribosome  binding  site  and  termination  signals;  in  eucaryotes,  generally,  such  control  sequences  include 
promoters,  terminators,  and,  in  some  instances,  transcriptional  enhancers.  The  term  "control  sequences"  is 

is  intended  to  include,  at  a  minimum,  all  components  whose  presence  is  necessary  for  expression,  and  may 
also  include  additional  components  whose  presence  is  advantageous. 

"Operably  linked"  refers  to  a  juxtaposition  wherein  the  components  so  described  are  in  a  relationship 
permitting  them  to  function  in  their  intended  manner.  A  control  sequence  "operably  linked"  to  a  coding 
sequence  is  ligated  in  such  a  way  that  expression  of  the  coding  sequence  is  achieved  under  conditions 

20  compatible  with  the  control  sequences. 

B.  General  Description 

At  the  center  of  the  present  invention  is  the  provision  of  a  nucleotide  sequence  containing  the  entire 
25  genome  of  bovine  diarrhea  virus.  The  availability  of  this  complete  polynucleotide  permits  the  design  and 

production  of  oligomeric  probes  for  diagnosis,  of  vaccines  effective  against  BDV,  and  of  proteins  useful  in 
production  of  neutralizing  antibodies.  Sequencing  information  available  from  the  genome  allows  the  amino 
acid  sequence  of  the  polypeptide  to  be  deduced,  and  locations  of  favorable  epitopes  surmised.  Further, 
once  the  desired  sequences  are  chosen,  appropriate  fragments  of  the  genome  can  be  obtained  and 

30  expressed  independently,  thus  providing  desired  polypeptides.  Short  polypeptide  fragments  may  also  be 
chemically  synthesized  and  linked  to  carrier  proteins  for  use  as  immunogens.  Recombinantly  expressed 
polypeptides  may  be  provided  under  conditions  offering  a  favorable  environment  for  processing  into,  for 
example,  conjugation  with  cellular  or  artificial  membranes  which  could  thus  bear  the  epitopic  sites  without 
the  disadvantages  of  using  an  infectious  virus.  Mammalian  and  yeast  cells  provide  suitable  environments  for 

35  such  expression.  In  addition,  the  epitopes  may  be  produced  linked  to  a  particle  forming  protein. 
The  above  proteins  produced  may,  themselves  be  used  as  vaccines,  or  may  be  used  to  induce 

immunocompetent  B  cells  in  hosts,  which  B  cells  can  then  be  used  to  produce  hybridomas  that  secrete 
antibodies  useful  in  passive  immunotherapy  and  diagnosis. 

40  B.1.  Nucleotide  Sequence  of  the  BDV  Genome 

The  genomic  sequence  of  BDV  was  obtained  from  cDNA  clones  representing  overlapping  sections  of 
the  entire  viral  RNA  genome  (Figure  1).  The  viral  RNA  was  isolated  from  virus  grown  on  bovine  embryonic 
kidney  cells.  The  viral  RNA  was  fractionated  on  sucrose  gradients,  and  those  fractions  containing  RNA  of 

45  sufficient  length  to  contain  the  intact  genome  were  pooled,  ethanol  precipitated,  and  used  to  prepare  a 
cDNA  library.  cDNA  inserts  were  screened  initially  using  a  (  +  /-)  system.  Positive  hybridizations  were 
against  RNA  isolated  from  virus  after  lysis  of  infected  cells,  negative  hybridizations  were  against  RNA 
isolated  from  uninfected  cells.  One  insert  having  the  proper  +  /-response  was  then  used  as  a  reference 
clone  to  map  the  remainder  of  the  library.  Several  colonies  hybridizing  to  the  positive  insert  were  used  to 

50  obtain  additional  portions  of  the  viral  genome  from  the  cDNA  library  using  "walking"  techniques.  Ten  cDNA 
clones  were  obtained  representing  overlapping  portions  of  the  viral  genome,  as  shown  in  Figure  1  ,  and  were 
subjected  to  restriction  mapping  and  sequencing.  The  entire  genomic  sequence  was  deduced  from  these 
ten  cDNA  inserts,  and  is  shown  in  Figure  2. 

The  illustrated  DNA  sequence  and  portions  thereof  are  useful  directly  as  diagnostic  tools  for  detecting 
55  the  presence  of  BDV  in  infected  animals.  These  are  particularly  useful  in  distinguishing  BDV  infections  from 

hog  cholera  virus.  Methods  to  employ  DNA  hybridization  in  diagnosing  disease  have  been  disclosed  in  U.S. 
Patent  No.  4,358,535  to  Falkow.  As  set  forth  therein,  biological  samples  may  be  used  directly  in  obtaining 
Southern  blots  using  suitable  probes.  Since  the  BDV  genome  is  different  from  that  of  hog  cholera  virus, 

4 
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specific  portions  of  the  BDV  sequence  may  be  used  to  detect  the  presence  of  corresponding  complemen- 
tary  sequences  in  biological  samples  from  subjects  suspected  of  harboring  the  infection. 

B.2.  Preparation  of  Viral  Polypeptide  Fragments  in  E.  coli 

The  availability  of  the  entire  genomic  sequence  permits  construction  of  expression  vectors  encoding 
presumptively  antigenically  active  regions  of  the  virion  proteins.  Fragments  encoding  the  desired  proteins 
are  obtained  from  the  cDNA  clones  using  conventional  restriction  digestion  and  ligated  into  a  series  of 
vectors  containing  polylinker  sites  in  all  possible  reading  frames  to  generate  fusion  proteins  at  the  C- 

io  terminal  end  of  /3-galactosidase.  Eleven  portions  of  the  BDV  genome  were  expressed  as  /3-gal  fusions  in  E. 
coli  using  this  approach,  as  outlined  in  Figure  1.  These  portions  were  obtained  by  restriction  cleavage 
and/or  ligation  of  the  ten  original  clones,  or  the  original  cloned  sequences  were  used  directly.  The  fusion 
proteins  thus  produced  may  be  immunogenic. 

is  B.3.  Preparation  of  Antigenic  Polypeptides  and  Conjugation  with  Carrier 

Peptide  regions  representing  epitopes  can  be  synthesized  using  chemical  or  recombinant  methods,  and 
provided  with,  for  example,  cysteine  residues  at  the  C-terminus  which  provide  means  for  linking  the 
peptides  to  neutral  carrier  proteins.  A  number  of  techniques  for  obtaining  such  linkage  are  known  in  the  art, 

20  including  the  formation  of  disulfide  linkages  using  common  reagents  such  as  N-succinimidyl-3-(2-pyridyl- 
dithio)propionate  (SPDP)  and  succinimidyl-4-(N-maleimido-methyl)cyclohexane-1-carboxylate(SMCC)  ob- 
tained  from  Pierce  Company.  Rockford,  Illinois.  These  reagents  create  a  disulfide  linkage  between 
themselves  and  peptide  cysteine  residues  in  one  protein  and  an  amide  linkage  through  the  e-amino  on  a 
lysine,  or  other  free  amino  group  in  the  other.  A  variety  of  such  disulfide/amide-forming  agents  are  known. 

25  See,  for  example.  Immun  Rev  (1982)  62:185.  Other  bifunctional  coupling  agents  form  a  thioether  rather  than 
a  disulfide  linkage.  Many  of  these  thioether-forming  agents  are  commercially  available  and  include  reactive 
esters  of  6-maleimidocaproic  acid,  2-bromoacetic  acid,  2-iodoacetic  acid,  4-(N-maleimido-methyl) 
cyclohexane-1-carboxylic  acid,  and  the  like.  The  carboxyl  groups  can  be  activated  by  combining  them  with 
succinimide  or  1-hydroxy-2-nitro-4-sulfonic  acid,  sodium  salt.  The  foregoing  list  is  not  meant  to  be 

30  exhaustive,  and  modifications  of  the  named  compounds  can  clearly  be  used. 
Any  carrier  may  be  used  which  does  not  itself  induce  the  production  of  antibodies  harmful  to  the 

subject,  such  as  the  various  serum  albumins,  tetanus  toxoids,  or  keyhole  limpet  hemocyanin  (KLH). 
The  conjugates,  when  injected  into  suitable  subjects,  result  in  the  production  of  antisera  which  contain 

immunoglobulins  specifically  reactive  against  not  only  these  conjugates,  but  also  against  fusion  proteins 
35  carrying  the  analogous  portions  of  the  sequence,  and  against  whole  BDV. 

B.4.  Preparation  of  Mammalian  Cell  Membranes  Containing  BDV  Epitopes 

Portions  of  the  cDNA  library  comprising  the  BDV  genome  were  also  ligated  into  expression  vectors 
40  compatible  with  mammalian  recombinant  host  cells;  in  the  illustration  below,  into  a  mammalian/bacterial 

shuttle  vector  containing  a  linker  sequence  downstream  of  the  SV40  early  promoter,  which  is  followed  by 
the  polyA  sequence  also  derived  from  SV40.  Alternate  vectors  to  this  particular  host  vector,  pSV7d,  could, 
of  course,  also  be  used.  The  mammalian-compatible  vectors  containing  the  coding  sequences  for  the 
desired  polypeptides  are  then  transformed  into  suitable  mammalian  cells  for  expression  of  the  sequences 

45  and,  in  the  case  of  surface  glycoproteins,  transport  of  the  produced  protein  to  the  membrane.  The  cells  are 
ultimately  harvested  and  used  as  whole  cells  in  the  formulation  of  vaccines,  or  the  membranes  are 
disrupted  and  portions  of  the  membranes  used  correspondingly,  or  the  proteins  purified  and  formulated  into 
vaccines. 

50  B.5.  Preparation  of  Hybrid  Particle  Immunogens  Containing  BDV  Epitopes 

The  immunogenicity  of  the  epitopes  of  BDV  may  also  be  enhanced  by  preparing  them  in  mammalian  or 
yeast  systems  fused  with  particle-forming  proteins  such  as  that  associated  with  hepatitis  B  virus  (HBV) 
surface  antigen  (HBsAg).  Constructs  wherein  a  BDV  epitope  is  linked  directly  to  the  particle-forming  protein 

55  coding  sequences  produce  hybrids  which  are  immunogenic  with  respect  to  the  BDV  epitope,  as  well  as  to 
HBV  epitopes. 

Hepatitis  B  surface  antigen  has  been  shown  to  be  formed  and  assembled  in  S.  cerevisiae  (Valenzuela 
et  al,  Nature  (1982)  298:344-350.  The  formation  of  such  particles  has  been  shown  to  enhance  the 

5 
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immunogenicity  of  the  monomer  subunit.  The  particles  can  also  be  formed  from  constructs  which  contain 
the  presurface  (pre-S)  region  in  addition  to  the  mature  surface  antigen.  The  pre-S  region  encodes  an 
immunodominant  HBV  epitope  and  these  proteins  are  expressed  in  yeast  (Neurath  et  al,  Science  (1984) 
224:392-394).  Expression  of  constructs  encoding  pre-S  region  fused  to  particle  forming  protein  are 

5  disclosed  in  European  Patent  Application  0  174  444.  Expression  of  coding  sequences  for  hybrid  particles 
containing  HBsAg  and  a  heterologous  epitope  are  disclosed  in  U.S.  4,722,840.  These  constructs  may  also 
be  expressed  in  mammalian  cells  such  as  Chinese  hamster  ovary  cells  using  an  SV40-dihydrofolate 
reductase  vector  (Michelle  et  al,  Int  Symp  on  Viral  Hepatitis  (1984)). 

In  addition,  portions  of  the  particle-forming  protein  coding  sequence  per  se  may  be  replaced  with 
io  codons  for  an  BDV  epitope.  In  this  replacement,  regions  which  are  not  required  to  mediate  the  aggregation 

of  units  to  form  immunogenic  particles  in  yeast  or  mammals  can  be  deleted,  thus  eliminating  additional 
hepatitis  B  antigenic  sites  from  competition  with  the  BDV  epitope. 

B.6.  Vaccinia  Carrier 
15 

Large,  wide  host  range  virus  carriers  have  also  been  used  in  formulating  vaccines  by  integrating  the 
epitopic  regions  of  the  desired  immunogen  into  the  carrier  viral  genome.  Vaccinia  virus,  in  particular,  has 
been  used  for  this  purpose.  For  example,  Smith,  G.L.,  et  al,  Proc  Natl  Acad  Sci  (USA)  (1983)  80:7155-7159, 
disclose  the  integration  of  the  hemagglutinin  gene  from  influenza  virus  into  the  vaccinia  genome  and  use  of 

20  the  resulting  recombinant  virus  as  a  vaccine.  Similarly,  Panicali,  D.,  et  al,  ibid  (1982)  79:4927-4931,  cloned 
the  thymidine  kinase  gene  from  Herpes  simplex  virus  into  vaccinia.  The  availability  of  the  BDV  genome  of 
the  invention  offers  similar  opportunities.  The  recombination  is  generally  done  by  co-infecting  cells  both 
with  vaccinia  virus  and  with  a  chimeric  plasmid  carrying  the  desired  coding  sequence  under  the  control  of 
the  transcriptional  regulatory  signals  and  RNA  start  site  from  the  vaccinia  virus  gene  adjacent  to  a 

25  translational  start  site/foreign  protein  coding  sequence.  During  infection  the  similarity  in  the  flanking  DNA 
sequences  of  the  foreign  DNA  sequences  to  those  in  vaccinia  causes  integration  of  the  desired  portion  of 
the  chimeric  plasmid  into  the  vaccinia  genome.  The  resulting  recombinant  vaccinia  can  be  harvested  from 
the  infected  cells  and  used  in  the  formulation  of  a  vaccine.  Vaccinia  virus  has  an  extremely  large  (120  x  10G 
dalton)  genome,  and  may  be  very  easily  grown  in  culture.  Hence,  the  production  of  large  amounts  of 

30  inexpensive  immunogenic  vaccine  is  readily  possible. 

B.7.  Preparation  of  Vaccines 

Preparation  of  vaccines  which  contain  peptide  sequences  as  active  ingredients  is  also  well  understood 
35  in  the  art.  Typically,  such  vaccines  are  prepared  as  injectables,  either  as  liquid  solutions  or  suspensions; 

solid  forms  suitable  for  solution  in,  or  suspension  in,  liquid  prior  to  injection  may  also  be  prepared.  The 
preparation  may  also  be  emulsified  or  the  protein  encapsulated  in  liposomes.  The  active  immunogenic 
ingredient  is  often  mixed  with  excipients  which  are  pharmaceutically  acceptable  and  compatible  with  the 
active  ingredient.  Suitable  excipients  are,  for  example,  water,  saline,  dextrose,  glycerol,  ethanol,  or  the  like 

40  and  combinations  thereof.  In  addition,  if  desired,  the  vaccine  may  contain  minor  amounts  of  auxiliary 
substances  such  as  wetting  or  emulsifying  agents,  pH  buffering  agents,  or  adjuvants  which  enhance  the 
effectiveness  of  the  vaccine.  The  vaccines  are  conventionally  administered  parenterally,  by  injection,  for 
example,  either  subcutaneously  or  intramuscularly.  Additional  formulations  which  are  suitable  for  other 
modes  of  administration  include  suppositories  and,  in  some  cases,  oral  formulations.  For  suppositories, 

45  traditional  binders  and  carriers  may  include,  for  example,  polyalkaline  glycols  or  triglycerides;  such 
suppositories  may  be  formed  from  mixtures  containing  the  active  ingredient  in  the  range  of  0.5%  to  10%, 
preferably  1%-2%.  Oral  formulations  include  such  normally  employed  excipitents  as,  for  example,  phar- 
maceutical  grades  of  manitol,  lactose,  starch  magnesium  stearate,  sodium  saccharine,  cellulose,  magne- 
sium  carbonate  and  the  like.  These  compositions  take  the  form  of  solutions,  suspensions,  tablets,  pills, 

50  capsules,  sustained  release  formulations  or  powders  and  contain  10%-95%  of  active  ingredient,  preferably 
25%-70%. 

The  proteins  may  be  formulated  into  the  vaccine  as  neutral  or  salt  forms.  Pharmaceutically  acceptable 
salts,  include  the  acid  addition  salts  (formed  with  the  free  amino  groups  of  the  peptide)  and  which  are 
formed  with  inorganic  acids  such  as,  for  example,  hydrochloric  or  phosphoric  acids,  or  such  organic  acids 

55  as  acetic,  oxalic,  tartaric,  mandelic,  and  the  like.  Salts  formed  with  the  free  carboxyl  groups  may  also  be 
derived  from  inorganic  bases  such  as,  for  example,  sodium,  potassium,  ammonium,  calcium,  or  ferric 
hydroxides,  and  such  organic  bases  as  isopropylamine,  trimethylamine,  2-ethylamino  ethanol,  histidine, 
procaine,  and  the  like. 

6 
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The  vaccines  are  administered  in  a  manner  compatible  with  the  dosage  formulation,  and  in  such 
amount  as  will  be  therapeutically  effective  and  immunogenic.  The  quantity  to  be  administered  depends  on 
the  subject  to  be  treated,  capacity  of  the  subject's  immune  system  to  synthesize  antibodies,  and  the  degree 
of  protection  desired.  Precise  amounts  of  active  ingredient  required  to  be  administered  depend  on  the 

5  judgment  of  the  practititioner  and  are  peculiar  to  each  subject. 

B.8.  Preparation  of  Mabs  Against  BDV  Epitopes 

The  immunogenic  proteins  or  immunoconjugates  prepared  as  described  above  may  be  used  to  obtain 
io  peripheral  blood  lymphocytes  and  spleen  cells  in  injected  mammals  to  prepare  hybridomas  capable  of 

secreting  monoclonal  antibodies  directed  against  these  epitopes.  The  resulting  monoclonal  antibodies  are 
particularly  useful  in  diagnosis,  and,  those  which  are  neutralizing  are  useful  in  passive  immunotherapy. 

C.  General  Methods 

The  general  techniques  used  in  extracting  RNA  from  the  virus,  preparing  and  probing  a  cDNA  library, 
sequencing  clones,  constructing  expression  vectors,  transforming  cells,  and  the  like  are  known  in  the  art 
and  laboratory  manuals  are  available  describing  these  techniques.  However,  as  a  general  guide,  the 
following  sets  forth  some  sources  currently  available  for  such  procedures,  and  for  materials  useful  in 

20  carrying  them  out. 

C.1.  Hosts  and  Expression  Control  Sequences 

Both  procaryotic  and  eucaryotic  host  cells  may  be  used  for  expression  of  desired  coding  sequences 
25  when  appropriate  control  sequences  are  used  compatible  with  the  designated  host.  Procaryotes  are  more 

useful  for  cloning;  either  procaryotes  or  eucaryotes  may  be  used  for  expression.  Among  procaryotic  hosts, 
E.  coli  is  most  frequently  used,  mostly  for  convenience.  Expression  control  sequences  for  procaryotes 
include  promoters,  optionally  containing  operator  portions,  and  ribosome  binding  sites.  Transfer  vectors 
compatible  with  procaryotic  hosts  are  commonly  derived  from,  for  example,  pBR322,  a  plasmid  containing 

30  operons  conferring  ampicillin  and  tetracycline  resistance,  and  the  various  pUC  vectors,  which  also  contain 
sequences  conferring  antibiotic  resistance.  The  foregoing  operons  may  be  used  as  markers  to  obtain 
successful  transformants  by  selection.  Commonly  used  procaryotic  control  sequences  include  the  /3 
lactamase  (penicillinase)  and  lactose  promoter  systems  (Chang,  et  al,  Nature  (1977)  198:1056,  the 
tryptophan  (trp)  promoter  system  (Goeddel,  et  al,  Nucleic  Acids  Res  (1980)  8:4057)  and  the  X  derived  PL 

35  promoter  and  N  gene  ribosome  binding  site  (Shimatake,  et  al,  Nature  (1981)  292:128).  The  foregoing 
systems  are  particularly  compatible  with  E.  coli;  if  desired  other  procaryotic  hosts  such  as  strains  of  Bacillus 
or  Pseudomonas  may  be  used,  with  corresponding  control  sequences. 

Eucaryotic  hosts  include  yeast  and  mammalian  cell  culture.  Saccharomyces  cerevisciae,  or  Baker's 
yeast  and  Saccharomyces  carlsbergensis  are  the  most  commonly  used  yeast  hosts,  again  because  of 

40  convenience.  Yeast  compatible  vectors  carry  markers  which  permit  selection  of  successful  transformants  by 
conferring  prototrophy  to  auxotrophic  mutants  or  by  conferring  antibiotic  resistance  or  resistance  to  heavy 
metals  on  wild-type  strains.  Yeast  compatible  vectors  may  employ  the  2  micron  origin  of  replication 
(Broach,  J.,  et  al,  Meth  Enz  (1983)  101:307)  the  combination  of  CEN3  and  ARS1,  or  other  means  for 
assuring  replication,  such  as  sequences  which  will  result  in  incorporation  of  the  appropriate  fragment  into 

45  the  host  cell  genome.  Control  sequences  for  yeast  vectors  include  promoters  for  the  synthesis  for  glycolytic 
enzymes  (Hess,  et  al,  J  Adv  Enzyme  Reg  (1968)  7:149,  Holland,  et  al,  Biochemistry  (1978)  17:4900),  and 
the  promoter  for  3  phosphoglycerate  kinase  (Hitzeman,  et  al,  J  Biol  Chem  (1980)  255:2073).  For  yeast 
expression,  terminators  may  also  be  included,  such  as  those  derived  from  the  enolase  gene  (Holland,  M.  J., 
J  Biol  Chem  (1981)  256:1385).  Particularly  useful  control  systems  include  those  specifically  described 

50  herein,  which  comprise  the  glyceraldehyde-3  phosphate  dehydrogenase  (GAPDH)  promoter  or  alcohol 
dehydrogenase  (ADH)  regulatable  promoter,  terminators  also  derived  from  GAPDH,  and,  if  secretion  is 
desired,  leader  sequence  from  yeast  alpha  factor.  These  systems  are  described  in  detail  in  U.S.  4,876,197 
and  US  4,870,008 

Mammalian  cell  lines  available  as  hosts  for  expression  include  many  immortalized  cell  lines  available 
55  from  the  American  Type  Culture  Collection,  including  HeLa  cells,  Chinese  hamster  ovary  (CHO)  cells,  baby 

hamster  kidney  (BHK)  cells,  and  a  number  of  other  cell  lines.  Suitable  promoters  for  mammalian  cells 
prominently  include  viral  promoters  such  as  that  from  Simian  virus  40  (SV40)  (Fiers,  et  al,  Nature  (1978) 
273:113)  or  other  viral  promoters  such  as  the  Rous  sarcoma  virus  (RSV)  adenovirus,  and  bovine  papiloma 
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virus  (BPV).  Mammalian  cells  may  also  require  terminator  sequences.  Vectors  suitable  for  replication  in 
mammalian  cells  may  include  viral  replicons,  or  sequences  which  insure  integration  of  the  appropriate 
sequences  into  the  host  genome. 

5  C.2.  Transformations 

The  transformation  procedure  used  depends  on  the  host  to  be  transformed.  Bacterial  transformation 
generally  employs  treatment  with  calcium  or  rubidium  chloride  (Cohen,  S.  N.,  Proc  Natl  Acad  Sci  (USA) 
(1972)  69:2110,  Maniatis,  et  al,  Molecular  Cloning:  A  Laboratory  Manual  (1982)  Cold  Spring  Harbor  Press,  p. 

io  254).  Yeast  transformations  may  be  carried  out  using  the  method  of  Hinnen,  A.,  et  al,  Proc  Natl  Acad  Sci  - 
(USA)  (1978)  75:1929-1933.  Mammalian  transformations  are  conducted  using  the  calcium  phosphate 
precipitation  method  of  Graham  and  van  der  Eb,  Virology  (1978)  52:546,  or  the  various  modifications 
thereof. 

is  C.3.  Vector  Construction 

Vector  construction  employs  techniques  which  are  by  now  quite  well  understood.  Site-specific  DNA 
cleavage  is  performed  by  treating  with  suitable  restriction  enzyme  under  conditions  which  generally  are 
specified  by  the  manufacturer  of  these  commercially  available  enzymes  (see,  e.g.,  The  New  England 

20  Biolabs  Product  Catalog).  In  general,  about  1  ug  of  plasmid  or  DNA  sequence  is  cleaved  by  1  unit  enzyme 
in  about  20  M.I  buffer  solution  for  an  incubation  time  of  about  1-2  hr  at  about  37°  C.  After  incubation  with  the 
restriction  enzyme,  protein  is  removed  by  phenol/chloroform  extraction  and  the  DNA  recovered  by 
reprecipitation  with  ethanol.  The  cleaved  fragments  may  be  separated  using  polyacrylamide  or  agarose  gel 
electrophoresis  techniques,  according  to  the  general  procedures  found  in  Methods  in  Enzymology  (1980) 

25  65:499-560. 
Sticky  ended  cleavage  fragments  may  be  blunt  ended  using  E.  coli  DNA  polymerase  I  (Klenow)  in  the 

presence  of  the  appropriate  deoxynucleotide  triphosphates  (dNTPs)  using  incubation  conditions  appropriate 
to  the  polymerase.  The  polymerase  digests  protruding  3'  single  strands,  but  fills  in  5'  protruding  ends, 
according  to  the  dNTPs  present  in  the  mixture.  Treatment  with  S1  nuclease  may  also  be  used,  as  this 

30  results  in  hydrolysis  of  any  single  stranded  DNA  portion. 
Ligations  are  carried  out  using  standard  buffer  and  temperature  conditions  using  T4  DNA  ligase,  and 

ATP;  sticky  end  ligations  require  less  ATP  and  less  ligase  than  blunt  end  ligations.  When  vector  fragments 
are  used  as  part  of  a  ligation  mixture,  the  vector  fragment  is  often  treated  with  bacterial  alkaline 
phosphatase  (BAP)  in  order  to  remove  the  5'  phosphate  and  thus  prevent  religation  of  the  vector; 

35  alternatively,  restriction  enzyme  digestion  of  unwanted  fragments  can  be  used  to  prevent  religation. 
Ligation  mixtures  are  transformed  into  suitable  cloning  hosts,  such  as  E.  coli,  and  successful  transfor- 

mants  selected  by,  for  example,  antibiotic  resistance,  and  screened  for  the  correct  construction. 

C.4.  Construction  of  Desired  DNA  Sequences 
40 

Synthetic  oligonucleotides  may  be  prepared  using  an  automated  oligonucleotide  synthesizer  as  de- 
scribed  by  Warner,  B.  D.,  et  al,  DNA  (1984)  3:401-411.  If  desired,  these  synthetic  strands  may  be  kinased 
for  labeling  with  32P  by  using  an  excess  of  polynucleotide  kinase  in  the  presence  of  labeled  ATP,  under 
standard  kinasing  conditions. 

45  DNA  sequences  including  those  isolated  from  genomic  or  cDNA  libraries  may  be  modified  by  site 
directed  mutagenesis,  as  described  by  Zoller,  M,  et  al,  Nucleic  Acids  Res  (1982)  10:6487-6499.  Briefly,  the 
DNA  to  be  modified  is  packaged  into  phage  as  a  single  stranded  sequence,  and  converted  to  a  double 
stranded  DNA  with  DNA  polymerase  using,  as  a  primer,  a  synthetic  oligonucleotide  complementary  to  the 
portion  of  the  DNA  to  be  modified,  and  having  the  desired  modification  included  in  its  own  sequence.  The 

50  resulting  double  stranded  DNA  is  transformed  into  a  phage  supporting  host  bacterium,  and  cultures  of  the 
transformed  bacteria,  which  will  contain  replications  of  each  strand  of  the  phage,  are  plated  in  agar  to  obtain 
plaques.  Theoretically  50%  of  the  new  plaques  will  contain  phage  having  as  a  single  strand  the  mutated 
form;  50%  will  have  the  original  sequence.  Replicates  of  the  plaques  are  hybridized  to  kinased  synthetic 
probe  at  temperatures  and  conditions  which  permit  hybridization  with  the  correct  strand,  but  not  with  the 

55  unmodified  sequence.  The  thus  identified,  desired,  modified  sequences  are  then  recovered  and  cloned  to 
serve  as  sources  for  the  desired  DNA. 
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C.5.  Hybridization  with  Probe 

DNA  libraries  are  probed  using  the  procedure  of  Grunstein  and  Hogness  (Proc  Natl  Acad  Sci  (USA) 
(1975)  73:3961).  Briefly,  in  this  procedure,  the  DNA  to  be  probed  is  immobilized  on  nitrocellulose  filters, 

5  denatured,  and  prehybridized  with  a  buffer  containing  0-50%  formamide,  0.6  M  NaCI,  60  mM  sodium 
citrate,  0.02%  (wt/v)  each  of  bovine  serum  albumin,  polyvinyl  pyrollidine,  and  Ficoll,  50  mM  sodium 
phosphate  (pH  6.5),  1%  glycine,  and  100  u.g/ml  carrier  denatured  DNA.  The  percentage  of  formamide  in  the 
buffer,  as  well  as  the  time  and  temperature  conditions  of  the  prehybridization  and  subsequent  hybridization 
steps  depends  on  the  stringency  desired.  Oligomeric  probes  which  require  lower  stringency  conditions  are 

io  generally  used  with  low  percentages  of  formamide,  lower  temperatures,  and  longer  hybridization  times. 
Probes  containing  more  than  30  or  40  nucleotides  such  as  those  derived  from  cDNA  or  genomic  sequences 
generally  employ  higher  temperatures,  e.g.  about  40-42°  and  a  high  percentage,  e.g.  50%  formamide. 
Following  prehybridization,  this  same  buffer,  now  containing  the  32P  kinased  oligonucleotide  probe,  is  added 
to  obtain  hybridization.  Radioautography  of  the  treated  filters  shows  the  location  of  the  hybridized  probe, 

is  and  the  corresponding  locations  on  replica  filters  which  have  not  been  probed  can  then  be  used  as  the 
source  of  the  desired  DNA. 

C.6.  Verification  of  Construction  and  Sequencing 

20  For  routine  vector  constructions,  ligation  mixtures  are  transformed  into  E.  coli  strain  HB101  or  other 
suitable  host,  and  successful  transformants  selected  by  antibiotic  resistance  or  other  markers.  Plasmids 
from  the  transformants  are  then  prepared  according  to  the  method  of  Clewell,  D.  B.,  et  al,  Proc  Natl  Acad 
Sci  (USA)  (1969)  62:1159,  usually  following  chloramphenicol  amplification  (Clewell,  D.  B.,  J  Bacterid  (1972) 
110:667).  The  isolated  DNA  is  isolated  and  analyzed  by  restriction  analysis,  or  sequenced  by  the  dideoxy 

25  method  of  Sanger,  F.,  et  al,  Proc  Natl  Acad  Sci  (USA)  (1977)  74:5463,  as  further  described  by  Messing,  et 
al,  Nucleic  Acids  Res  (1981)  9:309,  or  by  the  method  of  Maxam,  et  al,  Methods  in  Enzymology  (1980) 
65:499T  "  

D.  Examples 

The  following  examples  are  intended  to  illustrate  but  not  limit  the  invention.  The  procedures  set  forth, 
for  example,  in  Us  D.1  and  D.2  may,  if  desired,  be  repeated  but  need  not  be,  as  techniques  are  available  for 
construction  of  the  desired  nucleotide  sequences  based  on  the  information  provided  by  the  invention. 
Expression  is  exemplified  in  E.  coli  and  in  yeast,  however  other  systems  are  available  as  set  forth  more 

35  fully  in  UC.1.  Additional  epitopes  derived  from  the  genomic  structure  may  also  be  produced,  and  used  to 
generate  antibodies  as  set  forth  below. 

D.1.  Preparation  of  cDNA 

40  D.1.  a.  Production  of  BVD  Virus 

Bovine  Embryonic  Kidney  cells  (BEKI)  cells  were  grown  in  MEM  (Earl's)  containing  0.85  g/l  NaHC03 
and  10%  of  irradiated  fetal  calf  serum.  The  biologically  cloned  Osloss  strain  of  BVD  virus  was  passaged  5 
times  through  BEKI  cells  at  a  multiplicity  of  0.1.  Cytopathic  effects,  consisting  of  clustering  of  cells  followed 

45  by  vacuolation  and  then  cell  lysis,  were  readily  observable  from  the  first  passage.  Final  titers  (~  10s  pfu/ml) 
were  obtained  after  recovery  of  virus  by  freezing  and  thawing  of  infected  cells. 

For  the  virus  production,  175  cm2  plastic  flasks  of  subconfluent  BEKI  cells  were  used.  The  cells  were 
washed  3  times  with  infection  buffer  (MEM  (Earl's)  +  2.2  g/l  NaHC03,  pH  7.6)  and  then  were  infected  with 
2  ml  of  BVD  in  infection  buffer  at  a  multiplicity  of  0.05  pfu/cell.  After  1  hr  at  35  °C,  18  ml  of  infection  buffer 

50  was  added  and  the  cells  were  incubated  for  4-5  days  at  35  °  C,  after  which  cytopathic  effect  (vacuolation 
followed  by  cells  lysis)  was  greater  than  80%.  In  a  typical  production,  150  flasks  of  cells  were  infected.  The 
medium  (about  3  liters)  was  collected  and  stored  at  4°C.  The  remaining  cells  were  scraped  in  2  ml  of 
infection  buffer/flask,  subjected  to  3  cycles  of  freezing  and  thawing,  and  the  final  suspension  was  added  to 
the  infection  medium.  After  a  centrifugation  at  10,000  g  for  30  min,  the  supernatant  was  concentrated  10- 

55  fold  by  ultracentrifugation  at  120,000  g  for  4  hrs  and  40  min  at  4°  C. 
Infectious  virus  had  a  density  of  1.12  g/ml  as  measured  by  isopicnic  banding  in  sucrose  density 

gradient,  and  appeared  as  45-55  nm  spherical  particles  by  electron  microscopy.  The  virus  preparations 
were  neutralized  by  anti-BVD  antiserum  from  rabbits  injected  with  virus  or  from  bovines. 
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D.1.b.  Extraction  and  Purification  of  Viral  RNA 

RNA  was  isolated  from  the  virus  pellet  by  the  CsCI/guanidinium  thiocyanate  method  as  described  by 
Chirgwin,  et  al,  Biochemistry  (1979)  18:3294,  and  the  purified  RNA  stored  in  70%  ethanol  at  -20  °C.  This 

5  RNA  preparation  contained  a  large  amount  of  contaminating  low  molecular  weight  cellular  RNA  and  intact 
viral  RNA.  Viral  RNA  was  further  purified  by  sucrose  density  gradient  centrifugation  as  follows: 

An  aliquot  containing  an  estimated  amount  of  5  u.g  of  BVD-RNA  was  centrifuged  at  10,000  g  for  15  min 
at  4°  C.  The  pellet  was  washed  with  80%  ethanol,  denatured  in  375  ul  of  99%  DMSO  (99%),  5  mM  Tris-HCI 
(pH  7.5)  and  incubated  for  5  min  at  37  °C.  After  addition  of  1.125  ml  of  5  mM  Tris  HCI  (pH  7.5),  1mM 

70  EDTA,  1%  Sarkosyl,  the  solution  was  heated  for  2  min  at  70  °C  and  quenched  on  ice.  This  solution  was 
distributed  on  5x15-30%  sucrose  gradients  in  5  mM  Tris  HCI  (pH  7.5),  10  mM  EDTA,  0.1  M  NaCI,  1% 
Sarkosyl  (in  sterile  siliconized  Beckman  SW40  tubes).  A  sixth  gradient  was  loaded  with  3'  end  labeled  RNA 
as  a  marker  (see  below).  After  a  centrifugation  for  16  hrs  at  19,000  rpm  (20  °C),  the  gradients  were 
fractionated  (1  ml  fractions).  The  RNA  from  each  fraction  of  the  gradient  corresponding  to  that  containing 

75  marker-labeled  RNA  was  precipitated  with  2.5  volumes  of  ethanol  in  the  presence  of  carrier  yeast  RNA  (10 
ug)  and  subjected  to  formaldehyde  agarose  gel  electrophoresis,  Lehrach,  et  al,  Biochemistry  (1977) 
16:4743,  to  determine  which  fraction  contained  the  BDV-RNA  band.  Fractions  corresponding  to  those 
containing  the  BDV-RNA,  were  pooled  from  the  parallel  gradients  and  precipitated  with  2.5  volumes  of 
ethanol,  washed  with  80%  ethanol  and  stored  at  -20  °C  in  70%  ethanol. 

20  The  purified  viral  RNA  was  labeled  with  32P-pCp  (3000  Ci/n  mol)  according  to  England,  et  al,  Meth 
Enzymol  (1980)  65:65-74,  and  analyzed  by  agarose  gel  electrophoresis  in  the  presence  of  2.2  M 
formaldehyde  as  described  in  Lehrach,  et  al,  (supra).  Fluorography  was  done  with  3H-Enhancer  (NEN)  as 
recommended  by  the  manufacturer. 

The  majority  of  the  radioactivity  was  associated  with  low  molecular  weight  RNA  (less  than  2  kb),  but  a 
25  small  proportion  was  found  in  a  high  molecular  band  approximately  12.5  kb,  identified  as  RNA  by  labeling 

properties  with  RNA  ligase,  its  sensitivity  to  RNAse  and  alkali,  and  resistance  to  DNAse  and  proteinase  K.  In 
agreement  with  other  reports  on  togaviruses  of  the  flavivirus  group,  the  BDV-RNA  did  not  bind  to  oligo  dT 
cellulose,  showing  either  the  absence  of  a  polyA  stretch  at  the  3'  end,  or  that,  if  present,  the  polyA  is 
extremely  short.  Control  Sindbis  virus  RNA  was  properly  retained  by  the  same  column. 

30  These  properties  of  the  12.5  kb  band  were  identical  with  those  shown  by  RNA  extracted  from  BEKI 
cells,  grown  as  follows: 

BEKI  cells  were  grown  in  25  cm2  plastic  flasks,  washed  3  times  with  infection  buffer,  and  infected  at 
multiplicities  of  50-100  pfu/cell  with  1  ml  of  BDV  solution.  After  one  hour  at  35  °C,  4  ml  of  infection  buffer 
was  added  and  the  incubation  was  continued.  After  12,  15,  18,  21  and  36  hrs  (36  hr  corresponds  to  a 

35  complete  cycle  of  BDV  replication),  the  newly  synthesized  RNA  was  labeled  with  3H-uridine  (100  uCi/dish). 
Uninfected  cellular  RNA  harvested  after  18  hrs  of  incubation  was  also  analyzed.  After  30  min  of  labeling,  the 
cellular  RNA  was  extracted  using  the  CsCI/guanidinium  thiocyanate  method  of  Chirgwin  et  al,  1979  (supra). 
The  pellet  of  RNA,  obtained  after  ultracentrifugation  through  a  5.7  M  CsCI  cushion,  was  directly  analyzed  by 
formaldehyde  agarose  gel  electrophoresis  and  gel  was  dried  and  fluorographed.  In  all  the  incubation  times 

40  tested,  a  12.5  kb  band  which  is  absent  in  the  uninfected  cells  could  be  detected  which  has  the  same 
physico-chemical  properties  as  shown  by  the  RNA  above. 

D.1.c.  Preparation  of  cDNA 

45  The  viral  RNA  isolated  from  the  virus  in  UD.I.b.  was  polyadenylated  using  the  method  of  Sippel,  Eur  J 
Biochem  (1973),  37:31-40.  Briefly,  the  estimated  amount  of  0.7  ug  of  purified  BVD  RNA  was  incubated  in  5 
ml  of  5  mM  methylmercury  hydroxide  for  10  min  at  room  temperature  and  incubated  for  6  min  at  37°  C  with 
20  units  of  polyA  polymerase  (BRL)  and  500  uCi  of  3H-ATP  (36  Ci/mmol,  Amersham)  in  50  ul  of  50  mM 
HCI  (pH  7.5),  10  mM  MgCI2,  2.5  mM  MnCI2,  0.3  M  NaCI,  1.5  mM  2-mercaptoethanol  and  containing  2.5  ug 

50  of  RNAse-free  BSA  and  5  units  of  human  placental  ribonuclease  inhibitor  (BRL).  After  phenol/chloroform 
extraction,  the  RNA  was  purified  by  chromatography  on  Sephadex  G50  and  precipitated  with  2.5  volumes  of 
ethanol.  The  polyA  RNA  was  used  to  prepare  probes  and  as  a  template  for  the  cDNA  library. 

To  make  probes  1  ug  of  the  polyA  RNA  was  incubated  for  10  min  at  room  temperature  in  5  ul  of  10 
mM  methylmercury  hydroxide  and  then  45  min  at  37  °C  with  40  units  of  reverse  transcriptase  in  100  ml  of 

55  50  mM  Tris  HCI  (pH  8.3),  10  mM  MgCI2,  1.5  mM  2-mercaptoethanol,  1  mM  dATP,  dGTP  and  dTTP,  10  uM 
dCTP,  0.2  mg/ml  of  actinomycin  D,  5  units  of  human  placental  ribonuclease  inhibitor,  500  uCi  of  alpha  32P- 
dCTP  (3000  Ci/mmole,  Amersham)  and  20  ug  of  oligonucleotides  obtained  by  partial  digestion  with  DNAse 
I  of  calf  thymus  DNA  (random  primers).  After  15  and  30  min,  ten  more  units  of  reverse  transcriptase  were 
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added.  After  phenol/chloroform  extration  and  Sephadex  G50  column  chromatography  the  RNA  was 
hydrolyzed  with  0.1  M  NaOH  (1  hr  at  65  °C)  thus  yielding  single  stranded  cDNA  strands.  The  solution  was 
neutralized  with  0.1  M  acetic  acid  and  added  directly  to  the  hybridization  buffer. 

For  the  cDNA  library  two  separate  cloning  protocols  involving  dT  (12-18)  primers  or  random  (calf 
5  thymus),  DNA-derived  oligonucleotide  primers  were  used.  RNA  polyadenylated  in  vitro  as  described  above 

was  used.  Approximately  1  ug  polyadenylated  RNA  was  incubated  with  10  mM  methylmercury  hydroxide  in 
a  10  ul  volume  for  10  min  at  room  temperature,  and  excess  reagent  was  titrated  by  adding  1  ul  of  a  3M  2- 
mercaptoethanol  solution.  This  denatured  polyA  RNA  was  used  immediately  in  the  presence  of  50  mM  Tris 
pH  8.0,  1  mM  dATP,  dGTP,  dCTP  and  dTTP,  2.5  ug/ml  dT12-18  or  the  calf  thymus  random  oligonucleotide 

io  primers,  10  mM  MgCb,  10  ug/ml  actinomycin  D,  100  units  of  RNAse  inhihitor  (BRL)  and  60  units  of  reverse 
transcriptase  in  a  total  volume  of  100  ul. 

The  samples  were  diluted  to  400  ul  with  a  buffer  containing  10  mM  Tris  pH  7.0,  100  mM  NaCI,  10  mM 
EDTA  and  0.2%  SDS  extracted  with  phenol/chloroform,  freed  of  dNTPs  by  Sephadex  G50  chromatography, 
and  ethanol  precipitated. 

15  The  precipitated  mixture  of  RNA  and  cDNA  hybrids  (10  ul)  were  diluted  into  50  ml  of  S1  buffer  (500 
mM  NaCI,  50  mM  Na  acetate  pH  4.5  and  1  mM  ZnCb  and  digested  for  15  min  at  room  temperature  with  20 
units  of  S1  nuclease.  The  reaction  was  stopped  by  diluting  the  sample  to  500  ml  with  a  buffer  containing  50 
mM  NaCI,  10  mM  EDTA  and  50  mM  Tris  pH  7.0,  and  digestion  was  continued  for  15  min  at  room 
temperature  by  adding  20  ug/ml  of  RNAse  A.  After  phenol  and  chloroform  extraction,  the  RNA:cDNA 

20  hybrids  were  concentrated  by  ethanol  precipitation  and  fractionated  on  a  Sepharose  CL4B  column  prepared 
in  a  1  ml  plastic  pipette.  The  excluded  peak,  containing  molecules  larger  than  800  base-pairs,  was  pooled 
and  ethanol  precipitated  to  give  50  ng  of  hybrid  for  the  dT  primed,  and  200  ng  of  hybrid  for  the  random  calf 
thymus  fragment  primed  reactions. 

Both  samples  were  tailed  for  dC  residues  under  conditions  yielding  15-25  residues  per  DNA  or  RNA 
25  termini,  and  annealed  to  a  dG  tailed  pBR322  vector  linearized  at  the  Pstl  site  (NEN)  at  a  vector 

concentration  of  0.1  ug/ml.  The  annealed  plasmids  were  transformed  into  E.  coli  HB101  to  AmpR  to  obtain 
the  cDNA  library. 

D.2.  Screening  of  the  cDNA  Library 

Screening  employed  a  +/-  method  using  labeled  cDNAs  prepared  from  RNA  isolated  from  uninfected 
BEKI  cells  (-probe)  and  from  RNA  isolated  from  the  virus  obtained  after  complete  lysis  of  the  cells  (  + 
probe).  Colonies  of  the  E.  coli  harbored  cDNA  library  were  grown,  lysed  on  nitrocellulose  filters  (two 
replicas)  and  probed.  The  hybridization  buffer  used  for  +  probe  also  contained  an  excess  of  cellular  RNA 

35  isolated  from  uninfected  BEKI  cells  (10  mg/ml).  The  colonies  which  gave  a  clear  signal  with  the  +  probe 
and  no  response  with  the  -  probe  were  selected.  By  this  method,  95  oligo  dT-primed  and  185  random 
primer  primed  clones  were  selected.  The  length  of  the  inserts  after  Pstl  digestion  varied  from  400  to  4,000 
base  pairs.  No  full-length  virus  specific  cDNA  was  obtained. 

One  of  the  clones,  pDT28,  with  a  880  bp  insert  was  selected  for  further  analysis.  This  fragment  from  a 
40  Pstl  digest  of  plasmid  DNA  was  purified  by  acrylamide  gel  electrophoresis,  digested  with  Ddel  and  Mbol 

and  then  labeled  with  the  Klenow  fragment  of  DNA  polymerase  I  and  the  four  32P  dNTPs  to  yield  106-104 
cpm/mg  of  insert.  Labelled  insert  was  verified  by  hybridization  to  viral  RNA  fractionated  on  a  0.9%  agarose 
gel  electrophoresis  in  presence  of  formaldehyde  (Smiley,  et  al,  Anal  Biochem  (1983)  131:365-372). 
Stringent  hybridization  conditions  were  used:  prehybridizations  and  hybridizations  were  overnight  at  42  °C, 

45  and  50%  formamide  was  used  in  hybridizations.  Washing  was  at  65  °C  first  with  2xSSC,  0.1%  SDS  and 
then  with  0.2xSSC  and  0.1%  SDS. 

In  the  foregoing  verification,  RNA  from  uninfected  cells  was  used  as  negative  control.  The  absence  of 
exogenous  viral  sequences  in  the  genome  of  the  cells  was  verified  by  failure  of  cellular  DNA  digested  with 
BamHI  and  EcoRI  to  bind  to  pDT28  probe  in  Southern  blot  analysis.  The  RNA  from  infected  cells  after  24 

50  hrs  of  infection  at  a  multiplicity  greater  than  1  ,  and  from  the  pellet  of  virus  after  complete  cell  lysis  were 
used  as  positives.  No  hybridization  was  detected  with  the  RNA  from  the  uninfected  cells,  but  the  inserts 
hybridized  to  an  approximately  13  kb  band  of  the  RNA  isolated  from  the  infected  cells  or  from  the  pellet  of 
virus. 

The  plasmid  pDT28,  which  had  been  verified  to  contain  a  Pstl  insert  which  binds  to  the  viral  RNA,  was 
55  used  to  probe  the  cDNA  library  for  additional  clones,  and  the  entire  sequence  was  recovered  by  "walking" 

techniques.  In  this  way,  eight  additional  plasmids  were  recovered  which  span  the  entire  12.5  kb  genome  of 
the  virus.  The  positions  of  the  overlapping  inserts  are  shown  in  Figure  1  .  As  shown  in  Figure  1  ,  the  pDT28 
clone  occupies  a  roughly  central  portion  of  the  genome.  The  8  additional  plasmids  recovered  from  the 
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cDNA  library  in  a  manner  analogous  to  that  described  above,  but  using  the  appropriate  overlapping 
sequence-containing  clone  as  probe,  were  grown  in  E.  coli,  and  the  plasmid  DNA  isolated.  The  inserts  were 
sequenced,  and  verified  to  contain  overlapping  portions.  The  results  of  this  sequencing  are  shown  in  Figure 
2,  which  provides  the  entire  genomic  RNA  sequence  ascertained  from  the  inserts. 

5  The  orientation  shown  in  Figure  2  was  determined  by  subcloning  pDT28  into  M13  into  both  orientations, 
labeling  the  resultant  phage,  and  using  the  labeled  phage  as  a  probe  against  RNA  known  to  be  of  positive 
polarity.  This  was  done  by  spot  hybridization  on  nitrocellulose  filters  using  uninfected  cell  RNA,  infected  cell 
RNA,  and  template  viral  RNA.  The  infected  cell  RNA  and  template  RNA  should  be  of  positive  polarity. 
Therefore,  the  M13  orientation  hybridizing  to  infected  cell  RNA  and  viral  RNA  contains  a  negative  sense 

io  strand,  and  from  this  information,  the  5'  to  3'  sequence  of  inserts  from  pCT63  to  pCT185  could  be  deduced. 
This  conclusion  was  confirmed  by  analysis  of  the  sequence  of  pCT63,  which  indicates  its  capability  to 

form  the  expected  hairpin  structure  at  the  5'  end,  and  by  the  absence  of  additional  clones  in  the  cDNA 
library  having  additional  5'  sequences  to  that  of  pCT63. 

is  D.3.  Expression  of  Sequences  Encoding  /3Gal-BDV  Fusions  in  E.  coli 

Twelve  portions  of  the  BDV  genome  were  obtained  as  follows:  (1)  the  entire  cDNA  sequences  per  se, 
(2)  products  of  restriction  cleavage  (with  Pstl  or  BamHI  or  both)  of  the  foregoing  cDNAs,  and  (3)  a  ligated 
sequence  obtained  by  ligating  the  pCT185  cDNA  with  a  fragment  of  another.  (See  the  table  below.)  These 

20  portions  were  used  to  encode  the  BDV  portions  of  the  fusion  proteins.  These  eleven  BDV  protein  encoding 
sequences  were  cloned  into  one  of  or  a  mixture  of  pUR290,  pUR291,  and  pUR292,  which  contain  restriction 
sites,  e.g.,  BamHI  and  Pstl  sites  in  all  three  possible  reading  frames  with  the  /3-gal  codons,  so  as  to  encode 
fusion  proteins  at  the  C-terminal  portion  of  the  /3-galactosidase  protein  (Ruther,  U.,  et  al,  Embo  J  (1980) 
2:1791-1794).  Since  all  three  possible  reading  frames  are  provided  for  the  restriction  sites  used,  the  correct 

25  reading  frame  in  at  least  one  of  the  vectors  for  the  fusion  protein  is  assured.  Table  1  summarizes  the 
vectors  prepared  and  the  BDV  sequence  contained  in  each.  Nucleotide  numbers  are  as  indicated  in  Figure 
2. 

Table  1 
30 

Name  pUR  Parent  BDV  Insert  Derived  from  BDV  Nucleotides  Contained  in  pUBVD 
Vectors  (Numbers  as  in  Fig.  2) 

pUBVDI  pUR290  pCT63  1397-2607 
pUBVD2  pool  pCT36  2037-2574 
pUBVD4  pUR292  pCT183  2955-4560 
pUBVD5  pool  pDT28  5650-6450 
pUBVD6  pUR290  pCT174  7225-10718 
pUBVD7  pool  pCT174  -9500-10811 
pUBVD8  pUR292  pDT65  10442-10811 
pUBVD9  pUR292  pDT65  +  pCT185  10442-12470 
pUBVDIO  pUR290  pCT185  11030-12457 
pUBVD1  1  pUR290  pCT185  11405-12457 
pUBVD12  pUR291  pCT63  597-1397 
pUBVD13  pUR290  pDT28  +  pDT17  -6000—7800 

Each  of  the  twelve  cDNA  sequences  was  mixed  with  T4  ligase  in  the  presence  of  Pstl-digested 
mixtures  of  pUR290,  291,  and  292  (or  of  one  of  these  if  the  correct  reading  frame  was  deduced)  and  the 
ligation  mixture  transformed  into  E.  coli  strain  D1210  (Lad-  mutant  of  HB101)  to  AmpR.  Successful 
transformants  were  confirmed  by  hybridization  with  labeled  insert,  and  isolated  plasmid  DNA  was  analyzed 
by  restriction  analysis  to  confirm  correct  orientation.  Expression  was  induced  in  successful  transformants 
containing  correctly  oriented  inserts  by  treating  with  IPTG  (1  mM)  on  L-broth  medium  containing  40  ug/ml 
ampicillin.  Three  hours  after  induction,  the  cells  were  harvested,  and  lysed  by  sonication.  The  fusion 
proteins  were  produced  as  inclusion  bodies,  and  the  inclusion  bodies  were  harvested  by  the  method  of 
Klempnauer,  et  al,  Cell  (1983)  33:345-355,  and  stored  at  -20  °C  suspended  in  10  mM  Tris  (pH  8.0),  1  mM 
EDTA.  Approximately  10-30  mg  inclusion  body  proteins  were  obtained  per  ml  of  culture. 
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D.4.  Characterization  of  the  Fusion  Proteins 

The  fusion  proteins  were  characterized  as  to  their  antigenic  properties  both  in  insoluble  and  solubilized 
forms. 

5  Inclusion  body  proteins  solubilized  in  1%  SDS  or  7  M  urea  followed  by  dialysis  to  a  final  concentration 
of  1  mg/ml  are  unreactive  with  sera  from  infected  calves  or  from  rabbits  infected  with  purified  virus. 

Preparation  of  Antisera.  Both  solubilized  and  unsolubilized  inclusion  bodies  were  injected  into  rabbits 
using  peri-lymph  nodal  immunizations  with  500  ug  protein  emulsified  with  Freund's  complete  adjuvant,  with 
boosting  every  4  weeks  (IM  injection  of  500  ug  emulsified  in  adjuvant)  and  bled  10  days  after  boost.  Control 

io  antisera  were  prepared  from  infected  calves  or  from  rabbits  injected  with  purified  virus.  The  antisera  were 
tested  for  immunoactivity  by  ELISA  and  immunofluorescence,  and  by  Western  blot  and  immunoprecipita- 
tion. 

Western  blot  and  immunoprecipitation  yield  complementary  information  with  respect  to  reactivity.  In 
immunoprecipitation,  the  native  protein  mixture  is  reacted  with  the  test  serum  and  the  immunoprecipitate 

is  subjected  to  SDS-PAGE.  Therefore,  immunoprecipitation  assesses  immunoreactivity  with  the  native  protein. 
However,  in  the  Western  SDS  blot  procedure,  PAGE  is  performed  before  the  antisera  are  tested  for 

precipitation  with  the  proteins  on  the  gel.  Therefore,  Western  blot  assesses  reactivity  with  denatured  protein. 
The  results  of  these  procedures  are  given  below. 
Results.  The  control  antisera  were  immunoreactive  with  respect  to  proteins  extracted  from  the  virus 

20  pellet  produced  on  BEKI  cells,  and  showed  immunoprecipitation  with  the  76  kD  protein  presumed  to  be  the 
major  antigenic  component,  as  well  as  minor  components  presumed  to  be,  at  least  in  part,  virion  proteins 
having  molecular  weights  of  36,  43,  47,  51  and  56  kD.  No  immunoprecipitation  occurred  when  the  control 
antisera  were  tested  on  Western  blot.  Control  antisera  against  infection  thus  react  with  antigens  in  the  native 
protein,  but  not  after  denaturation. 

25  Immunoprecipitation  and  Western  Blot.  Most  of  the  antisera  formed  in  response  to  the  fusion  proteins 
were  negative  both  in  assay  by  immunoprecipitation  and,  like  the  control  antisera,  on  Western  blot. 

However,  there  were  exceptions.  The  antiserum  generated  by  fusion  protein  7  immunoprecipitates  the 
36  kD  protein  from  BEKI-grown  virus  and  reacts  by  Western  blot  to  the  76  kD  and  51  kD  bands.  Antiserum 
from  fusion  5  immunoprecipitates  3  sizes  of  proteins:  64,  98,  and  105  kD,  sizes  not  precipitated  by  control 

30  antisera.  Antiserum  from  fusion  9  precipitates  a  58  kD  band,  also  not  precipitated  by  the  control  antisera. 
The  significance  of  MW  of  the  materials  is  not  clear  since  it  is  not  clear  which,  if  any,  of  these  proteins 
represent  glycosylated  materials  with  corresponding  alterations  in  molecular  weight. 

ELISA  (carried  out  according  to  the  procedure  of  Bartlett,  et  al,  in  Protides  of  the  Biological  Fluids,  H. 
Peeters,  ed.,  Pergamon  Press,  Oxford,  1976,  24:767-770)  used  partially  purified  virus  as  antigen.  Only  the 

35  antiserum  prepared  against  fusion  protein  7  was  positive  at  a  1:40  titer;  serum  prepared  against  fusion 
proteins  5  and  1  1  had  titers  of  1  :4  and  1  :8,  respectively.  Nonimmune  sera  were  negative. 

Immunofluorescence  was  conducted  using  labeled  live  or  fixed  infected  cells.  The  antiserum  prepared 
against  fusion  protein  11  was  slightly  positive  in  immunoreactivity  with  live  cells;  on  cells  fixed  with 
methanol,  acetone,  or  formaldehyde,  serum  prepared  from  fusion  protein  7  gave  the  same  strong  response 

40  as  control  antisera  from  the  infected  animals,  whereas  antisera  5  and  3  were  weakly  positive  against 
proteins  extracted  from  the  virus  pellet  produced  on  BEKI  cells. 

Claims 

45  1.  A  nucleotide  sequence  encoding  a  bovine  diarrhea  related  polypeptide  which  is  a  region  of  the  bovine 
diarrhea  virus  genomic  sequence  shown  in  Figure  2,  or  a  combination  of  regions  of  that  sequence. 

2.  A  nucleotide  sequence  encoding  a  viral  polypeptide  substantially  identical  with  that  encoded  by  the 
bovine  diarrhea  virus  genomic  sequence  shown  in  Figure  2. 

50 
3.  A  recombinant  expression  system  capable,  in  a  compatible  host  cell,  of  effecting  the  production  of  a 

bovine  diarrhea  virus  related  polypeptide  which  system  comprises  a  DNA  sequence  of  claim  1  being 
operably  linked  to  a  control  sequence  compatible  with  said  host. 

55  4.  The  system  of  claim  3  which  further  includes  upstream  of  said  DNA  sequence,  and  in  reading  frame 
therewith,  a  fused  nucleotide  sequence  encoding  a  host  protein  or  portion  thereof. 

13 
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5.  The  system  of  claim  4  wherein  the  fusion  DNA  sequence  encodes  an  N-terminal  portion  of  /3- 
galactosidase. 

6.  A  recombinant  vector  which  comprises  the  expression  system  of  claim  3. 
5 

7.  Recombinant  host  cells  transformed  with  the  vector  of  claim  6  or  with  a  vector  comprising  the  system 
of  claim  4  or  5. 

8.  Polypeptide  substantially  identical  with  the  entirety  of  the  amino  acid  sequence  as  represented  in 
io  Figure  2,  or  with  a  region  or  combination  of  regions  thereof. 

9.  Polypeptide  according  to  claim  8,  which  is  further  fused  to  a  host  protein  or  portion  thereof. 

10.  A  vaccine  effective  against  bovine  diarrhea  virus  which  comprises  the  polypeptide  of  claim  8,  and 
is  pharmaceutically  acceptable  excipients. 

11.  A  vaccine  according  to  claim  10,  further  containing  an  immunogenic  particle,  which  particle  comprises 
a  polypeptide  having  an  amino  acid  sequence  capable  of  forming  a  particle  when  said  sequence  is 
produced  in  a  eucaryotic  host. 

20 
12.  The  vaccine  of  claim  11  wherein  the  particle  forming  amino  acid  sequence  is  derived  from  hepatitis  B 

virus. 

13.  The  vaccine  of  claim  12  wherein  the  particle  forming  amino  acid  sequence  is  derived  from  HBsAg. 
25 

14.  A  method  for  preparing  a  polypeptide  according  to  claim  8,  which  comprises  culturing  the  cells  of  claim 
7  and  recovering  the  recombinant  polypeptide. 

15.  A  method  for  preparing  an  anti-bovine  diarrhea  virus  vaccine  which  comprises  the  method  of  claim  14, 
30  and  further  adding  pharmaceutically  acceptable  excipients. 

16.  Use  of  a  polypeptide  according  to  any  of  claims  8  and  9  for  the  preparation  of  tests  for  the 
immunological  detection  of  fusion  proteins  of  the  bovine  diarrhea  virus. 

35  17.  Use  of  a  nucleotide  sequence  according  to  claim  1  for  the  construction  of  oligomeric  sequences  useful 
as  diagnostic  probes. 

18.  Use  of  a  nucleotide  sequence  according  to  claim  1  for  the  preparation  of  a  vaccine  comprising  as 
carrier  a  live  viral  vector  permitting  expression  of  a  desired  bovine  diarrhea  virus  antigen  along  with  a 

40  carrier's  protein  in  infected  cells. 

Patentanspruche 

1.  Nukleotidsequenz,  die  den  Code  eines  mit  der  Rinderdiarrhoe  zusammenhangenden  Polypeptids 
45  enthalt,  und  die  ein  Bereich  der  in  der  Figur  2  wiedergegebenen  Genomsequenz  des  Rinderdiarrhoevi- 

rus,  oder  eine  Kombination  von  Bereichen  dieser  Genomsequenz  ist. 

2.  Nukleotidsequenz,  die  den  Code  eines  Viruspolypeptids  enthalt,  das  im  wesentlichen  mit  dem  Viruspo- 
lypeptid  identisch  ist,  dessen  Code  der  in  der  Figur  2  wiedergegebenen  Genomsequenz  des  Rinder- 

50  diarrhoevirus  entspricht. 

3.  Rekombinierendes  Expressionssystem,  das  in  der  Lage  ist,  in  einer  kompatiblen  Wirtszelle  die 
Produktion  eines  mit  dem  Rinderdiarrhoevirus  zusammenhangenden  Polypeptids  durchzufuhren,  wobei 
dieses  System  eine  DNS-Sequenz  gema/S  Anspruch  1  umfa/St,  die  mit  einer  mit  diesem  Wirt  kompati- 

55  blen  Steuersequenz  funktionsfahig  verbunden  ist. 

4.  System  gema/S  Anspruch  3,  das  au/Serdem  vor  dieser  DNS-Sequenz,  und  in  dem  zugehorigen 
Leserahmen,  eine  verschmolzene  Nukleotidsequenz  enthalt,  die  den  Code  eines  Wirtsproteins  oder 

14 
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eines  Abschnitts  davon  enthalt. 

5.  System  gema/S  Anspruch  4,  bei  dem  die  Sequenz  der  Verschmelzungs-DNS  den  Code  eines  N- 
Endabschnitts  von  /3-Galaktosidase  enthalt. 

5 
6.  Rekombinationsvektor,  der  das  Darstellungssystem  von  Anspruch  3  enthalt. 

7.  Rekombinationswirtszellen,  die  mit  dem  Vektor  von  Anspruch  6,  oder  mit  einem  Vektor,  der  das  System 
von  Anspruch  4  oder  5  enthalt,  umgewandelt  wurden. 

10 
8.  Polypeptid,  das  im  wesentlichen  mit  der  Gesamtheit  der  Aminosauresequenz,  wie  in  der  Figur  2 

dargestellt,  oder  mit  einem  Bereich  oder  einer  Kombination  von  Bereichen  davon  identisch  ist. 

9.  Polypeptid  gema/S  Anspruch  8,  das  au/Serdem  mit  einem  Wirtsprotein  oder  einem  Abschnitt  davon 
is  verschmolzen  ist. 

10.  Impfstoff,  der  gegen  den  Rinderdiarrhoevirus  wirksam  ist,  und  der  das  Polypeptid  des  Anspruchs  8  und 
pharmazeutisch  akzeptable  Arzneitrager  enthalt. 

20  11.  Impfstoff  gema/S  Anspruch  10,  der  au/Serdem  ein  Immunitat  erzeugendes  Partikel  enthalt,  wobei  dieses 
Partikel  ein  Polypeptid  umfa/St,  das  eine  Aminosauresequenz  aufweist,  die  in  der  Lage  ist,  ein  Partikel 
zu  bilden,  wenn  diese  Sequenz  in  einem  eucaryotischen  Wirt  produziert  wird. 

12.  Impfstoff  gema/S  Anspruch  11,  bei  dem  die  Aminosauresequenz,  die  das  Partikel  bildet,  von  einem 
25  Hepatitits  B-Virus  abgeleitet  ist. 

13.  Impfstoff  gema/S  Anspruch  12,  bei  dem  die  Aminosauresequenz,  die  das  Partikel  bildet,  von  HBsAg 
abgeleitet  ist. 

30  14.  Methode  zum  Herstellen  eines  Polypeptids  gema/S  Anspruch  8,  bei  der  die  Zellen  von  Anspruch  7 
gezuchtet  werden,  und  das  Rekombinationspolypeptid  zuruckgewonnen  wird. 

15.  Methode  zum  Herstellen  eines  Impfstoffs  gegen  den  Rinderdiarrhoevirus,  die  die  Methode  von  An- 
spruch  14  umfa/St,  und  bei  der  au/Serdem  pharmazeutisch  akzeptable  Arzneitrager  hinzugegeben 

35  werden. 

16.  Verwendung  eines  Polypeptids  gema/S  irgendeinem  der  Anspruche  8  oder  9  zur  Entwicklung  von  Tests 
zum  immunologischen  Nachweis  von  Verschmelzungsproteinen  des  Rinderdiarrhoevirus. 

40  17.  Verwendung  einer  Nukleotidsequenz  gema/S  Anspruch  1  zum  Aufbau  von  oligomeren  Sequenzen,  die 
als  Diagnosesonden  nutzlich  sind. 

18.  Verwendung  einer  Nukleotidsequenz  gema/S  Anspruch  1  zur  Herstellung  eines  Impfstoffs,  der  als 
Trager  einen  lebenden  Virusvektor  aufweist,  der  in  Verbindung  mit  dem  Protein  eines  Tragers  die 

45  Darstellung  eines  gewunschten  Rinderdiarrhoevirus-Antigens  in  infizierten  Zellen  ermoglicht. 

Revendicatlons 

1.  Sequence  de  nucleotides  codant  pour  un  polypeptide  apparente  a  la  diarrhee  bovine  qui  est  une  region 
50  de  la  sequence  genomique  du  virus  de  la  diarrhee  bovine  representee  dans  la  figure  2  ou  une 

combinaison  de  regions  de  cette  sequence. 

2.  Sequence  de  nucleotides  codant  pour  un  polypetide  viral  sensiblement  identique  a  celui  code  par  la 
sequence  genomique  du  virus  de  la  diarrhee  bovine  representee  dans  la  figure  2. 

55 
3.  Systeme  d'expression  recombinant  susceptible  d'effectuer,  dans  une  cellule-hote  compatible,  la  pro- 

duction  d'un  polypeptide  apparente  au  virus  de  la  diarrhee  bovine,  ce  systeme  comprenant  une 
sequence  d'ADN  selon  la  revendication  1  qui  est  fonctionnellement  liee  a  une  sequence  de  controle 

15 
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compatible  avec  I'hote  precite. 

4.  Systeme  selon  la  revendication  3  qui  comprend  par  ailleurs,  en  amont  de  la  sequence  d'ADN  precitee 
et  en  phase  de  lecture  avec  elle,  une  sequence  de  nucleotides  fusionnee  codant  pour  une  proteine- 

5  hote  ou  une  partie  de  celle-ci. 

5.  Systeme  selon  la  revendication  4,  dans  lequel  la  sequence  d'ADN  de  la  fusion  code  pour  une  partie  N- 
terminale  de  beta-galactosidase. 

io  6.  Vecteur  recombinant  qui  comprend  le  systeme  d'expression  de  la  revendication  3. 

7.  Cellules-hotes  recombinantes  transformers  par  le  vecteur  de  la  revendication  6  ou  par  un  vecteur 
comprenant  le  systeme  de  la  revendication  4  ou  5. 

is  8.  Polypetide  sensiblement  identique  a  la  totalite  de  la  sequence  d'acides  amines  telle  que  representee 
dans  la  figure  2  ou  a  une  region  ou  une  combinaison  de  regions  de  celle-ci. 

9.  Polypeptide  selon  la  revendication  8,  qui  est  par  ailleurs  fusionne  avec  une  proteine-hote  ou  une  partie 
de  celle-ci. 

20 
10.  Vaccin  efficace  contre  le  virus  de  la  diarrhee  bovine  qui  comprend  le  polypeptide  de  la  revendication  8 

et  des  excipients  pharmaceutiquement  acceptables. 

11.  Vaccin  selon  la  revendication  10,  contenant  par  ailleurs  une  particule  immunogenique  qui  comprend  un 
25  polypeptide  ayant  une  sequence  d'acides  amines  susceptible  de  former  une  particule  lorsque  la 

sequence  precitee  est  produite  dans  un  hote  eucaryotique. 

12.  Vaccin  selon  la  revendication  11,  dans  lequel  la  sequence  d'acides  amines  formant  la  particule  est 
derivee  du  virus  de  I'hepatite  B. 

30 
13.  Vaccin  selon  la  revendication  12,  dans  lequel  la  sequence  d'acides  amines  formant  la  particule  est 

derivee  du  HBsAg. 

14.  Procede  de  preparation  d'un  polypeptide  selon  la  revendication  8,  qui  consiste  a  cultiver  les  cellules  de 
35  la  revendication  7  et  a  recuperer  le  polypeptide  recombinant. 

15.  Procede  de  preparation  d'un  vaccin  contre  le  virus  de  la  diarrhee  bovine  qui  comprend  le  procede  de 
la  revendication  14  en  ajoutant  par  ailleurs  des  excipients  pharmaceutiquement  acceptables. 

40  16.  Emploi  d'un  polypeptide  selon  I'une  quelconque  des  revendications  8  et  9  pour  la  preparation  de  tests 
permettant  la  detection  immunologique  de  proteines  de  fusion  du  virus  de  la  diarrhee  bovine. 

17.  Emploi  d'une  sequence  de  nucleotides  selon  la  revendication  1  pour  la  construction  de  sequences 
oligomeres  susceptibles  d'etre  utilisees  comme  sondes  de  diagnostic. 

45 
18.  Emploi  d'une  sequence  de  nucleotides  selon  la  revendication  1  pour  la  preparation  d'un  vaccin 

comprenant  comme  vehicule  un  vecteur  viral  vivant  permettant  I'expression  d'un  antigene  souhaite  du 
virus  de  la  diarrhee  bovine  conjointement  avec  une  proteine  du  vehicule  dans  les  cellules  infectees. 

50 

55 
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FIGURE  J_ 

A:  Mapping  of  9  BDV  cDNA  clones  which  span  the  whole  genome.  Clones  were 
■  derived  from  oligo  dT  primed  cDNA  (DT  clones)  or  from  randomly  primed 

cDNA  using  calf  thymus  oligonucleotides  (CT  clones).  Names  of  clones 
are  as  follow:  l-pCT63;  2-pCT36;  3-pCTlSfc  4-pCT70;  5-pDT28;  6«p»T17; 
7-pCTl74;  o-pDT£5;  9-pQTj>185j  H*pCr40. 

B:  cDNA  fragments  used  to  construct  expression  vectors  for  E.coli  by 
fusion  to  the  E.coli  B-galactosidase  gene. 

17 
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Figure  2 
I  „ '  
pvulT"  a a t l l  

n c o l  

1  ATGTATACGAGAATTTGCCTAACCTCGTATACATATTGGGCATTCTAAAAATAAATTAGGCC 
CATATGCTCTTAAACGGATTGGAGCATATGTATAACCCGTAAGATTTTTATTTAATCCGG 

58  s tu l   ,  61  m s t . l l ,  

6  3  TAAGGGACAAATCCTCCT  TAGCGAAGGCCGAAAAGAGGCTAGCCAT6CCCTTAGTAGGAC 
ATTCCCTGTTTAGGAGGAATCGCTTCCGGCTTTTCTCCGATCGGTACGGGAATCATCCTG 

1  00  nhe  1  , 
123  T  AGCAAAACAAGGAGGGT  AGCAACAGTGGTGAGTTCGTTGGATGGCTGAAGCCCTGAGTA 

ATCGTTTTGTTCCTCCCATCGTTGTCACCACTCAAGCAACCTACCGACTTCGG6ACTCAT 

183  CAGGG7AGTCGTCAGTGGTTCGACGCTTCGTGTGACAAGCCTCGAGGTGCCACGTGGAC6 
GTCCCATCAGCAGTCACCAAGCTGCGAAGCACACTGTTCGGAGCTCCACGGTGCACCTGC 

223  x h o l ,  
2A3  AGGGCATGCCCACAGCACATCTTAACCTGAGCGGGGGTCGTTCAG6TGAAAGCGGTTTAA 

T  CCCGT  ACGGGTGTCGTGT  AGAATTGGACTCGCCCCCAGCAAGTCCACTTTCGCCAAATT 

2A6  sphl  , 
303  CCAACCGCTACGAATACAGCCTGATAGGGTGCTGCAGAGGCCCACTGTATTGCTACTAAA 

GGTTGGCGATGCTTATGTCGGACTATCCCACGACGTCTCCGGGTGACATAACGATGATTT 

33*.  p s t l ,  
MetG  luLeuI  l e T h r A s n G l u L e u L s u T y r L y s T h r T y r  

36  3  AATCTCTGCTGT  ACATGGCACATGGAGTTGATT  ACAAATGAACTTTTATACAAAACATAC 
TT  AGAGAC6ACATGT  ACCGTGTACCT  CAACTAATGTTTACTTGAAAATATGTTTTGTAT6 

L y s G l n L y s P r o A l a G l y V a l G l u G l u P r o V a l T y r A s n G l n A l a G l y A s p P r o L e u P h e  
A  23  AAACAAAAACCCGCTGGAGTGGAGGAACCAGTATATAACCAAGCAGGTGACCCTTTGTTT 

TTTGTTTTTGGGCGACCTCACCTCCTTGGTCATATATT6GTTCGTCCACTGGGAAACAAA 

A68  b s t E 2 ,  

GlyGluArgGlyVal   Va  1  Hi  sProG  1  nA  1  aThrLeuLy  sLeuProHisLy   sArgG  1  yG  1  u 
A83  G6CGAGAGAGGAGTGGTTCATCCGCAGGCGACGCTAAAACTGCCACATAAAAGAGGGGAG 

CCGCTCTCTCCTCACCAAGTAGGCGTCCGCTGCGATTTTGACGGTGTATTTTCTCCCCTC 

ArqGluValProThrAsnLeuAl   a S e r L e u P r o L y s A r g G l y A s p C y s A r g S e r G l y A s n  
5  A3  CGCGAAGTACCTACTAATCTGGCGTCTCTGCCAAAAAGAGGTGACTGCAGGTCGGGTAAC 

GCGCTTCATGGATGATTAGACCGCAGAGACGGTTTTTCTCCACTGACGTCCAGCCCATTG 

587  p s t l ,  
Se rLysGlyProVa l   SerGlyl   1  eTy  rLeuLys  ProG  1  y  ProLeuPheTyrG  1  nAs  pTy  r  

603  AGCAAGGGACCCGTGAGTGGAATCTACCTGAAACCGGGGCCGTTATTCTACCAGGATTAC 
TCGTTCCCTGGGCACTCACCTTAGATGGACTTTGGCCCCG6CAATAAGATG6TCCTAATG 

L y s G l y P r o V a l T y r H i s A r g A l a P r o L e u G l u P h e P h e G l n G l u A l a S e r M a t C y s G l u  
663  AAAGGACCCGTCTATCATAGAGCTCCATTGGAGT.TCTTTCAGGAAGCCTCTATGTGTGAG 

TTTCCTGGGCAGATAGTATCTCGAGGTAACCTCAAGAAAGTCCTTCGGAGATACACACTC 

682  sacl   , 

 ̂ T h r T h r A r g A r g I l e G l y A r g V a l T h r G l y S e r A » i p G l y L y » L » u T y r H i » l l e T y r V a l  
723  ACAACTAGAAGGATTGGGAGAGTAACTGGTAGTGATGGTAAATTGTACCACATTTATGTG 

TGTTGATCTTCCTAACCCTCTCATTGACCATCACTACCATTTAACATG6T6TAAATACAC 

C y s I l e A s p G l y C y s l l e l   1  eVa  lLy  «S»r  A  1  aThrLysTyrHl«61nLv«Va   lL«uLy«  
783  TGCATAGATGGATGCATAATAGTTAAGAGCGCCACAAAATATCATCAAAAG6TACTCAAA 

AC6TAT  CTACCTACGTATTATCAATTCTCGCGGTGTTTTATAGTAGTTTTCCAT6AGTTT 

79A  ava3  , 
T rpVa lHi sAsnLysLeuAsnCysProLeuTrpVa lSe rSBrCy i iSa ) rA«pThrLy«Al   a 

8  A3  TGGGTCCACAACAAACTAAATTGCCCTCTATGGGTTTCAAGCTGCTCCGACACAAAAGCA 
ACCCAGGTGTTGTTTGATTTAACGGGAGATACCCAAAGTTCGACGAGGCT6TGTTTTCGT 
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1  UOO 

Gl  uGl  yAl  aThrArgLvsLysGlnGl   n L y s P r o A s p A r g L e u G ^ ^ y i G l y A r q M B t L v t  
903  GAAGGGGCGACAAGAAAGAAGCAACAAAAACCAGATAGfiCTGGAAAAGGGGAGS  ̂

CTTCCCCGCTGTTCTTTCTTCGTTGTTTTTGGTCTATCCGACCTTTTCCCCTCCTACT7C 
I  1  e T h r P r o L v s G l u S e r G l u L y s A B p S e r L y 5 T h r L y s P r o P r o A » p A l « T h r n « V « l  

963  AT  AACT  CC  T  AAAGAGTCGGAGAaAGATAGTAAGACCAAACCGCCAGATGCT  ACGATA6TS TATTGAGSATTTCTCAGCCTCTTTCTATCATTCTGGTTTGGCGGTCTAC^TG^ 

Va  1  AspGlyVa lLysTyrGl   n V a l L y s L y s L y s G l y L y s !   l e l y s S e r L v t A s n T h r G l n  1023  GTAGAT  GGTGT  CAAATAT  CAGGT  AAAGAAAAAAGGGAAAATCAAGAGTAAGA  ̂
CATCTACCACAGTTTATAGTCCATTTCTTTTTTCCCTTTTAGTTCTCATTCTTATM^ 

1083  GACGGTTTGT  ACCACAACAAAAATAAACCT  CAAGAGTCACGlAAGAAACT^ 
CTGCCAAACATGGTGTTGTTTTTATTT6GAGTTCTCAGTQ 

1140  b g l l ,  

L e u L e u A l a T r p A l a V a m e A l « L e u V a l L B u P h e G l n V * l A l * V a l G l y G l u A « n I l «  
11  A3  C  TGTTGGCATGGGCAGTAAT  AGCCTTGGTTTTGTTTCAAGTCGCAGTGGGA^ 

GACAACCGTACCCGTCATTATCGGAACCAAAACAAAGTTCAGCSTCACCCTCTCTTfi 
ThrGl  n T r p A s n L e u G l n A s p A s n G l y T h r 6 l u G l y l l « G l n A r a A l « h « t P h » G l n A i - a  1203  A£ACAATGe  AACTTACAAGAC  AATGG6AC6GAAGGAATACM 
TGTGTT  ACCTTGAATGTTCT6TTACCCT6CCTTCCTTATGTTGCCCfiGTACAA66TTTCT 

-,  § l Y V a l A « n A r g S e r L e u H i s G l y I l « T r p P r o G l u L y s I l » C y i T h r e i y V * i l » r o S » r  
1263  GGt6TAAATAGAAGTCTGCATGG6ATCTG6CCAGAGAAAATCT6TACA6GH^ 

CCGCATTt  ATCTTCAGACGTACCCTA6ACCGGTCTCTTTTA6ACAT6TCCACA6666A66 
1290  b a l l ,  
HisLeuA  laThrAspThrG  luLeuLysAl   al  l e H i s G l y H « t M * t A s t i A l * S > r 6 1 u L v *  1323  CACTTGGCCACTGATACAGAACT6AAGGCAATTCATGGTAT6AT 
6T6AACCS6TGACTATGTCTT6ACTTCCGTTAAGTACCATACTACCTAC6ATC6^^ 

1327  b a l l ,   1333  t t h l l l r ,   1371  nhcl   , 
Tt?Af  2 l ^ r T l 2 r £ X s C X s A r 9 t - e u 6 l n * * , 9 H i * ^ l » ' T r p A « n L y * H i » G l y T r o C v « A * n  1363  £  C  AAATT  ACACATGCTGCAGGCTCCAACGCCATGAGTGGAACAA^ 
TGTTTAATGTGTACGACGTCCGAGGTTGCeSTACTCACCTTGTTCGTACCAACCACGTTA 
1397  p s t l ,  

T r p T y r A s n l   l e G l u P r o T r p I l e V a l L e u r l e t A s n L y s T h p G l n A l a A ^ n L s u A l a G i n  
1443  TgJ t JcAATATTGAACCTTG^ 

ACCATGTTATAACTTGGAACCTAACAAGAGTACTTATTTTGGGTTC66TTGGAAC6ACTC 
1449  s s p l ,  
Gl  Y G l n P r o P r D A r Q G l u C y s A l » V a l T h r C y s A r q T y r A s p A r o A « D S e r A « D L » u A s n  

1503  6 g t c a g c c a c c a a g 2 g a g t g t g c c g t t a c a t 6 c c g 5 t a t g a c c g ^  
CCAGTCGGTGGTTCCCTCACACGGCAAT6TAC6GCCATACT66CT^ 

.  ,'  ,  V* lVa lThrGl   n A l a A r g A s n S e r P r n T h r P r a U e u T h r G l y C y » L y » L y « 6 1 v L v « A « n  1563  
CATCATTGTGTTCGATCC 

1623  g S K B ? a « s i ^ ^  
AAGAGGAAACBTCCACACAACCAT6TTCCCGGAAC6TTGAAACTTTATCGACATTCACTA 

<•  i  V a l L e u P h e A r g G l u H i s A s p C y s T h r S e r V a l   H ' G l n G l y T h r A l a H l s T v r L e u V a l  1663  GTGCTGTTT  AGAGAGCACGATTGCACAAGTGTGATTCAAGGCACGGCTCACTA^ 
CACGACAAAT  CTCT  CGTGCTAACGTGTTCACACTAAGTTCCGTGCCGA6TGATAGACCAT 

..  ABpGlyhetThrAsnSerLefuGl   uSerAl  a A r a G l n G l y T h r A l a L v s L B u T h r T h r T r o  1743.  g a c g g g a t g a c c a a t t c t c t a g a a a g t g c c a g g c a a g g g a c ^  
-  c t g c c c t a c t g g t t a a g a g a t c t t t c a c g g t c c g t t c c c t g g c g t t t c a a ^  

1760  xbal  ,  1790  hpal  , 

..  ,  LeuGlyArgGl  n L e u L y s L y s L e u G l y L y « L y » L € u G l u A s n L y « S » r L v « t h r T r D P h a  iao3  I I ^ I A S ? £ A G C T T A i G A A ^  
AACCCATCCGTC6AATTCTTTGATCCCTTCTTTGACCTTTT6TTCTCATTCTGTACCAAA 
1815  a f l l l ,   . 
G l y A l a T y r A U A l * S e r P r o T y r C v i f i l u V * l G l u A r a A p o L « u 6 1 v T w r I I » T f » « i T u P  

1863  ! S l i i ? f t I S # ? I S I ? I ^  
c c c c g t a t a c s t c g g a g a g g g a t g a c g c t c c a t c t t g c c t c c g a a c c a a t g t a g a c c a t a  

u 
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figure  i 
T h r L y s A s n C y s T h i - P r o A l a C v s L e u P r o L y s A s n T h r L y s I l e V a l G l y P r o G l y A r g  
ACAAAGAATTGCACCCCTGCCTGTTTACCAAAAAAT  a c a a a g a t   c g t t g g c c c c g g t   agg 
t g t t t c t t a a c g t g g g g a c g g a c a a a t g g t t t t t t a t g t t t c t a g c a a c c g g g g c c a t c c  

P h » A s p T h r A s n A l * G l u A * p G l y L y * I l e L « u H i s G l u ( 1 e t G l y G l y H l * L » u S e r G l u  
198  3  TTCGACACCAATGCGGAGGATGGTAAAATACTGCATGAGATGGGGGGCCACTTGTCAGAG 

AAGCTGTGGTTACGCCTCCTACCATTTTATGACGTACTCTACCCCCCGGTGAACAGTCTC 
Va  lLeuLeuLeuSerVi   1  Val  V*  1  LeuSer  AspPhe  A  1  aProG  1  u  Thr  A  1  aSarValVa  I 

20  A3  GTGCTACTACTCTCAGTG6TAGTGCTTTCCGATTTCGCTCCAGAGACAGCCAGTGTGGTA 
CACGATGATGAGAGTCACCATCACGAAAGGCTAAAGCGAGGTCTCTGTCGGTCACACCAT 

T y r L e u I l e L e u H i 5 P h e S e r I l e P r o 6 1 n G W H l s T h r A s p I l e H i « A « p C y * A » p L y *  2103  TATTTAATTCTACATTTCTCCATC  C  C  AC  AAGGAC  AC  a c t g a c a t   a c a t g a c t g t g a t   aa  a ATAAATTAAGATGT  AAAGA6GT  AGGGTGTTCCTGTGTGACTGTATGTACTGACACTATTT 

A s n G l n L a u A s n L e u T h r V a l G l y L e u T h r T h r A l a G l u V a l   1  1  «Pr  oG  1  yStr  Va  1  T  r p  2163  AACCAACTAAACCTCACCGTAGGACTCACAACAGCTGAAGTAATACCTGGGTCAGTTTGG 
TTGGTTGATTT6GAGTGGCATCCTGAGTGTTGTCGACTTCATTATGGACCCA6TCAAACC 
21  9  A  p v u l l ,   2209  t t h l l l l ,  
A s n L e u G l y L y s T y r V a l C y s I l c - A r g P r o A s p T r p T r p P r o T y r G l u T h r A l a T h r P h a  

2223  AATTTGGGCAAAT  ATGTTTGTATAAGACCAGATTGGTGGCCTTATGAGACAGCCACGTTC 
TTAAACCCGTTTATACAAACATATTCTGGTCTAACCACCGGAATACTCTGTCGGTGCAAG 
2250  b s t X l ,  
LeuV*  1  Ph«G  luG  luVa  1G  1  yG  1  nVa  1  1  1  eArq  I  1  eVa  lLeuArqA  laL«uArgA*pL»u 2283  c t a g t g t t t g a a g a g g t g g g t c a a g t g a t c a g g a t a g t c t t g a g g g c t t t a a g a g a t c t a  
g a t c a c a a a c t t c t c c a c c c a g t t c a c t a g t c c t a t c a g a a c t c c c g a a a t t c t c t a g a t  
2308  b e l l ,   2336  b g l l l ,  
ThrArql   1  eTrpThr  A  1  a  A  1  aThrThrThr   A  1  aPheLeuVa  1  Cy  *L«uVa  1  Lys  Va  1  Va  1 

23  A  3  ACGCGCATTTGGACCGCTGCTAC6ACTACT6CATTCCTGGTATGTCTGGTGAAGGTG6TG 
TGCGCGTAAACCTGGCGACGATGCTGATGACGTAAGGACCATACAGACCACTTCCACCAC 
A r g G l y G l n V a l L e u G i n G l y l l e L v u T r p L e u l l e L e u l l v T h r G l y A l a G l n G l y L c u  

2  A  03  AGAG6CCAAGTGTTGCAAGGCATACTGTGGTTGATACTCATAACAGGG6CACAAGGGCTC 
TCTCCGGTTCACAACGTTCCGTATGACACCAACTATGAGTATTGTCCCCGTGTTCCCGAG 
P r o V a l C y s L y s P r o G l y P h e T y r T y r A l a l l e A l a L y s A s n A s n G l u I l « G l y P r o L » u  

2A63  CCAGTTTGCAAACCCGGCTTTTACTACGCCATAGCCAAAAATAATGAGATCGGCCCTCTT 
GGTCAAACGTTTGGGCCGAAAATGATGC6GTATCGGTTTTTATTACTCTA6CCG66AGAA 

G l y A l a T h r G l y L e u T h r T h r G l n T r p T y r G l u T y r S e r A s p G l   yMetArgL«u6  1  nAsp 
25  23  GGG6CTACGGGCCTCACCACTCAGTGGTATGAATACTCGGATGGGATGC6GCT6CAGGAC 

CCCCGATGCCCGGAGTGGTGAGTCACCATACTTATGAGCCTACCCTACGCCGAC6TCCTG 
257  A  pst !   , 
T h r G l v V a l V a l V a l T r p C y s L y f > G l y G l y G l u I l « L y s T y r L e u l l e T h r C y « 6 1 u A r q  

25  83  ACGG6AGTT6TAGTGTGGTGTAAAGGTGGAGAGATCAAATATCTAATTACATGT6AGAGG 
TGCCCTCAACATCACACCACATTTCCACCTCTCTAGTTTATAGATTAAT6TACACTCTCC 

G l u A l a A r g T y r L e u A l a l l e L e u H i * T h r A r g A l a L e u P r o T h r S B r V a l V a l P h « G l u  
26  A  3  GAAGCCAGGTATCTGGCCATTCTACACACGAGAGCCCT6CCGACGTCT6TA6TATTTGAA 

CTTC6GTCCATAGACCGGTAA6AT6TGT6CTCTCGGGACG6CT6CAGACATCATAAACTT 

26A7  bs tXI ,   2656  b a l l ,   268A  a a t l l ,  
Lysl  1*1  l e A s p G l y L y s G l u G l n G l u A s p V a l V a l G l u M e t A s p A B p A s n P h v G l u L c u  

27  Q3  AAAAT  C  AT  AGAT  66  A  AA  AG  AAC  AAGAG6ACGT  AGTGGAAATGGAT  GAT  AACTTT6AACT  C 
TTTTA6TATCTACCTTTTCTT6TTCTCCTGCATCACCTTTACCTACTATTGAAACTT6AG 

GlyLeuCytProCysAspAl   aLysProL»uVa  1  ArqG  1  yLysPh«A«nThrThrL«uLBU 
27  63  G6T  CTTTGCCCGTGTGATGCTAAACCCTTG6T  AAGGG6AAAAT7T  AATACAACACTTCT6 

CCAGAAACGG6CACACT  AC6ATTTGGGAACCATTCCCCTTTTAAATTAT6TT6T6AAGAC 
AsnGl  yProAl  aPheG  1  nMetVa  1  CysProl  1  »G  1  y  T  rpThrG  1  y  ThrVa  1  S»rL*uCy  ■ 

2  823  AATGGGCCAGCCTT  CCAGATGGTTTGCCCTAT  AG6ATGGACAG6AACT6TGAGTCTGT6T 
TTACCCGGTCGGAAGGT  CTACCAAAC6GGATATCCTACCTGTCCTT6ACACTCA6ACACA 

H i s T r p S e r A * n L y s A * p T h r L « u A l a M B t T h r V a l V a l A r a T h r T y r L y » A r g H l « A r g  
2883  C  ACTG6TCCAAT  AAGGAT  ACGTTAGCCATGACCGTTGTACGaACATACAA6A66CACAGG 

GTGACCAGGTTATTCCTAT6CAATCGGTACT6GCAACATGCTTGTAT6TTCTCCGT6TCC 

29A0  *tul   , 
P r o P h e P r o P h e A r q G l n G l y C y s l l f T h r G l n L y i V a l l   l i fGlyGlvA«pL«uTvrA»p 

29  A  3  CCTTTCCCCTTTAGGCAAGGCTGCATTACCCAGAAAGTCATCGGGGGAGACCT^ 
GGAAAGGGGAAATCCGTTCCGACGTAATGGGTCTTTCAGTAGCCCCCTCTGGAGATGCTG 
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S00  3  TGTGCCTTGGGAG6GAACTGGACTTGTGT  A  C  CGGGGG  A  C  AT  A  C  T  A  CG  A  T  AT  G  T  AG  AT  GGG 
ACACGGAACCCTCCCTTGACCTGAACACATGGCCCCCTGTATGATGCTATACATCTACCC 

P r a V a l G l u S e r C y s L y s T r p C y s G l y T y r L y s P h e H i s L y s S e r G l u G l y L e u P r o H i s  
S063  CCTGTCGAGTCTTGCAAGTGGTGTG6TT  A  C  A  AGT  T  T  C  AT  A  A  A  AGTG  AGGGT  CTGC  C  A  C  A  C 

GGACAGCTCAGAACGTTCACCACACCAATGTTCAAAGTATTTTCACTCCCAGACGGTGTG 

P h e P r o I l e G l y L y s C y s L y s L e u L y s A s n G l u S e r G l y T y r A r g G l n V a l A s p G l u T h r  
5  123  TTCCCAATTGGCAAGTGCAAGCTGAAGAATGAAAGTGGCTACAGACAAGTAGATGAGACC 

AAGGGTTAACCGTTCACGTTCGACTTCTTACTTTCACCGATGTCTGTTCATCTACTCTGG 
S e r C y s A s n A r g A s p G l y V a l A l a l l e V a l P r o T h r G l y S e r V a l L y s C y s L y s I l e G l y  5163  TCTTGCAACAGaGACGGTGTGGCTATAGTACCAACTGGTTCGGTGAAATGCAAGATAGGG 
AGAACGTTGTCTCTGCCACACCGATATCATGGTTGACCAAGCCACTTTACGTTCTATCCC 
A s p T h r V a l V a l G l n V a l l l e A l a M e t A s p A s p L y s L e u G l y P r o M e t P r o C y s A r g P r o  

3  2  A  3  GACACAGTG6TGCAAGTCATAGCAATGGATGATAAGCTAGGGCCTATGCCTTGCAGACCA 
CTGTGTCACCACGTTCAGTATCGTTACCTACTATTCGATCCCGGATACGGAACGTCTGGT 
33Q1  n d e l ,  
T y r G l u I l e l l e P r o S e r G l u G l y P r o V a l G l u L y s T h r A l a C y s T h r P h e A s n T y r T h r  

3303  TATGAAATCATTCCCAGTGAGGGGCCGGTAGAAAAGACGGCATGTACCTTCAACTACACA 
ATACTTTAGTAAGGGTCACTCCCCGGCCATCTTTTCTGCCGTACATGGAAGTTGATGTGT 
3306  x  mnl  , 
LysThrLeuLysAsnLysTyrTyrGluProArgAspAsnTyrPheGl   nG  1  nTyrMetLeu 

3363  AAAACATTAAAGAACAAGTATTATGAGCCTAGGGATAATTATTTCCAACAATACATGTTA 
TTTTGTAATTTCTTGTTCATAATACTCGGATCCCTATTAATAAAGGTTGTTATGTACAAT 

3390  a v r 2 ,  
L y s G l y G l u T y r G l n T y r T r p P h e A s p L e u G l u I l   eThrAspHisHisArgAspTyrPhe  

3A23  AAAGGGGAGTACCAATATTGGTTTGACCTAGAGATCACTGACCACCACCGG6ATTACTTC 
TTTCCCCTCATGGTTATAACCAAACT6GATCTCTA6TGACTGGTGGTGGCCCTAATGAAG 
3A36  sspl   , 
A laGluSerLeuLeuVal   1  1  eVa  1  Va  1  A  1  aLeuLeuG  1  yG  1  yArgTyrVa  1  LeuTrpLeu 

3  A  83  GCTGAGTCCCTACTGGTGATAGTGGTTGCACTCCTGGGCGGTAGGTACGTGCTCTGGTTA 
CGACT  CAGGGATGACCACTATCACCAACGTGAGGACCCGCCATCCATGCACGAGACCAAT 

LeuVa lThrTyrMet l   1  eLeuSerG  1  uG  1  nMe  tThrSerG  1  v A r g P r o V a l T r p A l a G l y  
35  A3  CTGGTTACATATATGATCCTATCAGAACAAATGACCTCGGGACGiCCAGTATGGGCAGGT 

6ACCAATGTATATACTAGGATAGTCTTGTTT  ACTGGAGCCCTGCAGGTCATACCCGTCCA 

3583  a a t l l ,  
G l u I l e V a l M e t M e t G l y A s n L e u L e u T h r H i s A s p S e r l   leGluVal  Va  1  ThrTyrPhe  

3603  GAAAT  AGTGATGATGGGCAACCTGCTAAC  ACATGACAGTATTGAAGTGGTGACTTATTT  C 
CTTTATCACTACTACCCGTTGGACGATTGTGTACTGTCATAACTTCACCACTGAATAAAG 
L e u L e u L e u T y r L e u L e u L e u A r g G l u G l u A s n l l e L y s L y s T r p V a l l l e L e u l l e T y r  

3663  TTACTACTATACCTACTACTAAGAGAGGAAAACATCAAAAAATGGGTTATACTTATATAC 
AATGATGATATGGATGATGATT  CTCTCCTTTTGTAGTTTTTTACCCAATATGAATATATG 

Hi  si  1  el  l e V a l M e t H i s P r o L e u L y s S e r V a l T h r V a   1  1  1  eLeuLeutletVa  1  G  1  yG  1  y 
3723  CACAT  CAT  AGTAATGCACCCACTAAAATCAGTGA'CGGTGATACTGCTAATGGTTGGAGGG 

GTGTAGTATCATTACGTGG6TGATTTTAGTCACTGCCACTATGACGATTACCAACCTCCC 

h e t A l a A r g A l a G l u P r o G l y A l a G l n S e r P h e L e u G l u G l n V a l   AspLeuSerPheSer  
37  83  ATGGCAAGGGCAGAACCAGGCGCCCAGAGCTTCC.T  AGAGCAGGTGGACCTGAGTTTTTCA 

TACCGTTCCCGTCTTGGTCCGCGGGTCTCGAAGGATCTCGTCCACCT6GACTCAAAAAGT 

3801  nari   , 
Met  I  l eThrLeuI   1  eVa  1  Va  1  G  1  yLeuVa  1  1  1  eA  1  aArq  ArgAspProThrVa  1  Va  1  Pro 

38  A3  ATGATCACGCTCATTGTAGTAGGTCTGGTCATTGCCAGGCGCGACCCCACTGTGGTGCCA 
TACTAGTGCGAGTAACATCATCCAGACCAGTAACGGTCCGCGCTGGGGTGACACCACGGT 

38AA  b e l l ,   3902  s p e l ,  
L e u V a l T h r l l e V a l A l a A l a L e u A r g V a l T h r G l v L e u G l y P h e G W  

3903  CTAGTCACAATAGTTGCAGCACTGAGgGTAACGGGACT'AGGCTTTGGGCCCGG  ̂
GATCAGTGTTATCAACGTCGTGACTCCCATTGCCCTGATCCGAAACCCGGGCCTCACCTA 

39A8  apal  , 
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V a l A l a M e t A l a V a l L e u T h r L e u T h r L e u L e u M e t l l e S e r T y r V a l T h r A s p T y r P h e  
9  63  GT  AGCTATGGCAGTCCT  A  A  C  C  T  T  G  A  C  C  C  T  A  C  T  G  A  T  G  A  T  T  AGT  T  AT  G  T  G  A  C  AGAC  T  A  C  T  T  C 

CAT  CGATACCGTCAGGATTGGAACTGGGATGACTACTAATCAATACACTGTCTGATGAAG 

A r q T y r L y s A r g T r p L e u G l n C y s I l e L e u S e r L e u l l e A l a G l y V a l P h e L e u l l e A r g  
323  AGGTACAAAAG6TGGCTACAATGTATCCTCAGCTTAATAGCCGGGGTTTTCCTTATACGA 

TCCATGTTTTCCACCGATGTTACATAGGAGTCGAATTATCGGCCCCAAAAGGAATATGCT 

S e r L e u L y s H i s L e u G l y G l u I l e G l u T h r P r o G l u L e u T h r l l e P r o A s n T r p A r g P r o  
08  3  AGCCTT  A  A  A  C  AT  C  T  GGG  fc  G  AG  A  T  T  G  AG  A  C  C  C  CT  G  AG  C  T  G  AC  C  AT  A  C  C6A  A  CTGG  AGGC  C  A 

TCGGAATTTGTAGACCCGCTCTAACTCTGGGGACTCGACTGGTATGGCTTGACCTCCGGT 
L e u T h r P h e l l e L e u L e u T y r L e u T h r S e r A l a T h r V a l V a l T h r A r g T r p L y s V a l A s p  

1  A3  CTAACCTTCATACTATTGT  A  C  C  T  G  A  C  T  T  C  AG  C  A  A  C  AG  T  TGT  C  AC  ACG  ATGGA  AAGT  T  G  AC 
GATTGGAAGTATGATAACATGGACTGAAGTCGTTGT  CAACAGTGTGCT  ACCTTTCAACTG 

l l e A l a G l y l l e L e u L e u G l n G l y P r o G l n S e r P h e C y s O P  
203  ATAGCTGGCATATTACTGCAAGGGCCCCAATCCTTCTGCTGATTGCCACCTATGGGCT 

TATCGACCGTATAATGACGTTCCCGGGGTTAGGAAGACGACTAACGGTGGATACCCGA 
A  22  A  apal  , 

261  GACTTCCTGACCCTTGTATTGATCCTGCCCACCCACGAATTAGTCAAGTTGTACTACCTG 
CTGAAGGACTGGGAACATAACTAGGACGGGTGGGTGCTTAATCAGTTCAACATGATGGAC 

,3  21  AAGACCGTCAAGACTGATGTGGAAAAGAGTTGGCTAGGGGGGGTGGACTACAAGACAATT 
TTCTGGCAGTTCTGACTACACCTTTTCTCAACCGAT  CCCCCCCACCTGATGTTCTGTTAA 

MetAspGluSerGlyGluGl   yVa  1  TyrLeuPheProSerLysG  1  n 
1  381  GGCTCTATTTATGATATGGATGAAAGTGGAGAGGGCGTGTACCTTTTCCCATCCAAACAG 

CCGAGATAAATACTATACCTACTTTCACCTCTCCCGCACATGGAAAAGGGTAG6TTTGTC 

A s n G l y L y s L y s A s r W a l S e r l l   eLeuLeuProLeu  I  l e A r g A l a T h r L e u I l e S e r C y s  
,AA1  AATGGCAAGAAAAATGTCAGCATACTCTTGCCCCTCATTAGAGCTACACTAATAAGCTGT 

TTACC6TTCTTTTT  ACAGTCGTATGAGAACGGGGAGTAATCTCGATGTGATTATTCGACA 

AA97  t t h H I l ,  
I l e S e r S e r L y s T r p G l   ntletVa  1  Ty  rMetA  1  a T y r L e u T h r L e u A s p P h e M e t T y r T y r  

A501  ATCAGCAGCAAATGGCAGATGGTGTACATGGCTTACCTAACCTTGGACTTTATGTACTAC 
TAGTCGTCGTTTACCGT  CT  ACCACATGTACCGAATGGATTGGAACCTGAAATACATGATG 

I  l eHi sArqLysVa l   1  1  eG  1  uG  1  u  1  1  eSerG  1  yG  1  y  Thr  AsnVa  1  1  leSerArgVal   l i e  
A  5  61  ATACACAGAAAGGTTATAGAAGAGATCTCAGGGGGCACCAATGTGATATCTAGGGTGATA 

TATGTGTCTTTCCAATATCTTCTCTAGAGTCCCCCGTGGTTACACTATAGATCCCACTAT 

A583  b g l l l ,   A605  e c o r S ,  
A l a A l a L e u l l e G l u L e u A s n T r p S e r M e t G l u G l u G l u G l u S e r L y s G l y L e u L y s L y s  

A  621  GCAGCACTCATAGAGCTAAACTGGTCTATGGAAGAAGAAGAAAGCAAGGGCTTAAAGAAG 
CGTCGTGAGTATCTCGATTTGACCAGATACCTTCTTCTTCTTTCGTTCCCGAATTTCTTC 

PhePhel   1  eLeuSerG  1  y  Ar  qLeuLy  s  A  1  aLeu  1  1  e  1  1  eLy  sH  i  sLy  sVa  1  Arg  AsnG  1  n 
A681  TTTTTTATACTATCTGGtAGGTTGAAGGCCCTTATAATAAAGCATAAGGTTA^ 

AAAAAATATGAT  AGAC  C  CT  C  C  A  A  CT  T  CCGGG  A  AT  ATT  ATTTCGT  ATT  C  C  AAT  CCT  TGGT  C 

T h r V a l A l a S e r T r p T y r G l y G l u G l u G l u V a l T y r G l y M e t P r o L v s V a l V a l T ^  
A7A1  ACCGT  AGCAAGCTGGTATGGG6AGGAAGAAGTCT  ACGGCATGCCAAAAGTAGTGACC  ̂

TG6CATCGTTC6ACCATACCCCT  CCTT  CTT  C  AG  ATG  C  CGT  ACGGTTTT  CATCACT66T  AT 

A778  sphl  , 
I l e A r q A l a C y s S e r L e u A s n L y s A s n L y s H i s C y s l l e l l e C y s T h r V a l C y  

A801  AT  A  AGGGCTTGCT  CACTAAACAAGAACAAGCATTGCATAATATGCACAGTATGTGAGGCT 
TATTCCCGAACGAGTGATTTGTTCTTGTTCGTAACGTATTATACGTGTCATACACTCCGA 

L Y s L y s T r p L y s G l y G l y A s n C y s P r o L y s C y s G l y A r q H i s G l y L ^  
A861  AAGAAGTGGAAGGGTGGCAACTGCCCTAAATGCGGCCGCCACGGGAAGCCCAT  ̂

TT  CTT  CACCTT  CCC  AC  CGTTGACGGGATTT  ACGCCGGCGGTGCCCTT  CGGGTAGTGAACA 

A893  x « a 3 ,  
G l y M e t T h r L e u A l a A s p P h e G l u G l u A r q H i s T y r L y s A r g I   JePhe  *  l?*^?6.  i  ̂ S l *  

A92i  g g g a t g a c t c t a g c g g a Y t t t g a a g a g a g G c a c t a c a a g a g a a t t t t c a t a a g a g a g ^  
CCCTACTGAGATCGCCT  A  A  AA  CTT  CT  CT  C  CGTG  AT  GT  T  CT  CTT  A  AAAGT  ATT  CT  CT  C  C  C  A 

T h r P h e G l u G l y P r o P h e A r g G l n G l u H i s S e r G l y P h e V a l G l n T v r T h r A l a A r g G   1  v 
A981  ACATTCGAAGGACCCTTCAGGCAGGAACATAGCGGGTTTGTACAATACACCGCTAGG  ̂

TGTAAGCTTCCTGGGAAGTCCGTCCTTGTATCGCCCAAACATGTTATGTGGCGATCCCCi 
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Figure  2 

6TTAACAAG6ACTCCTTAAATGG6TATAACCGTT66TTTCATTTTTACGAATACCATCCG 
5049  m s t l l ,  

i  ni  AArr?A?AXX?i5luI   1  eS  »  v  A*  pLeuG  1  uH  i  sL  euG  1  y  Trp  I  1  eLeuLy  trie  tG  1  n  I  1  e 

5103  avr2 ,   512A  xba l ,   5133  avr2,   5156  b g l l l ,  

AAGCACTTTTGGGACTGGCCGTTCTGGTAGTGGGACCTCCACCTCGGGTCACTGTGGTAG 
5186  b s t X l ,  

~>i  r i r A A ? r T r A ^ ? r ^ ^ H e G l n A s e L Y s G l u G 1 ^ l l e P r o P r o A s p G l n G l n A r q L c u  

5  251  x  mnl  , 

->•»«  i i ^ P ^ A J . * G i y L y s G l n L e u G l u A s p G l y A r g S e r L e u S e r A s p T y r A 5 n l l e G l n L y s  2 1   AI^IIIGCCGGtAAGCAGCTGGAAGATGGCCGCTCTCTTTCTGATTACAACATCCAGAAA 
TAGAAACGGCC6TTCGTCGACCTTCTACCGGCGAGAGAAAGACTAATGTT6TA6GTCTTT 
5287  nael  ,  5296  p v u l l ,  

G$GI"ACCCTGCACCTGGTCCTCCGTCTGAGGGGTAGTG6GCCTGCCGTG 
CTCAGCTGGGACGTGGACCAGGAGGCAGACTCCCCATCACCCGGACGGCACACGTTTTTC 
5343  s a i l   , 

tru  at?   I r T ^ I ^ y i $ ^ l y L ^ s $ X s H i s V a l A s n l   l e L e u A s p L v s L e u T h r A l a P h e P h e G l y  »  401  ATTACTGAGCATGAGAAATGCCATGTCAACATACTAGAtAAATTGACCGCATTTTTCGGG 
T  A  ATGACTCGTACTCTTTACGGTACAGTTGTATGATCTGTTTAACTGGCGTAAAAAGCCC 

ii.^  y ? l " e t P r o A r a G l y T h r T h r P r o A r q A l a P r o V a l L y s l   1  e  ProThrA  1  aLeuLeuLy  s >461  g t t a t g c c a a g a g g t a c c a c a c c a a g g g c t c c g g t g a a g a t t c c a a c c g c a t t g c t a a a a  
c a a t a c g g t t c t c c a t g g t g t g g t t c c c g a g g c c a c t t c t a a g g t t g g c g t a a c g a t t t t  
5473  k p n l ,  

-c^.  y a l A r g A r q G l y L e u G l u T h r G l y T r p A l a T y r T h r H i s G l n G l y G l y  :,5'tl  g t 5 A G G a g g g g a c t g g a a a c c g g a t g g g c c t a c a c a c a c c a a g g c g g c a t a a g c t c a g t a  
CACTCCTCCCCTGACCTTTGGCCTACCCGGATGTGTGTGGTTCCGCCGTATTC6A6TCAT 

-   ̂ „  A s p H i s V a l T h r A l a G l   vLysAspLeuLeuVa  1  Cy  sAspSerMetG  1  yArqThrArqVa  1 3  5  81  GACCATGTGACCGCAGGCAAAGACCTACTGGTTTGTGATAGTATG6GTAGGACAAGAGTG 
CTGGTACACTGGCGTCCGTTTCTGGATGACCAAACACTATCATACCCATCCTGTTCTCAC 

r  .  ,  .  Val  C y s G l n S e r A s n A s n L y s L e u T h r A s p G l u T h r G l u T y r G l y V a l L y s T h r A s p S e r  5  641  GTTTGCCAAAGT  AACAACAAGTTAACTGATGAGACAGAATATGGTGTCAAGACGGAcTCC CAAACGGTTTCATTGTTGTTCAATTGACTACT  CTGTCTTATACCACAGTTCTGCCTGAGG 
5661  h p a l ,  
G l y C y s P r o A s p G l y A l a A r g C y s T y r V a l L e u A s n P r o G l u A l a V a l A s n l l e S e r G l y  5  701  GGAJGTCCAGATGGTGCCAGGTGCTACGTATTAAATCCAGAGGCAGTAAATATATCAGGG 
CCTACAGGTCTACCACGGTCCACGATGCATAATTTAGGTCTCCGTCATTTATATAGTCCC 

S e r L y s G l y A l a A l a V a l H i s L e u G l n L y s T h r G l y 6 1 y G l u P h e T h r C y s V a l T h r A l a  5  7  61  TCCAAGGGAGCTGCTGTACACCTCCAAAAAACAGGTGGGGAATTCACAT6T6TTACTGCA 
AGGTTCCCTCGACGACATGTGGAGGTTTTTTGTCCACCCCTTAAGTGTACACAATGACGT 
5800  ecor l   , 

.-«.-,..  SerGl  vThrProAl  a P h e P h e A s p L e u L y s A s n L e u L y s G l y T r p S e r G l y L e u P r o I   l e  5821  TCGGGAACTCCAGCCTTCTTTGACCTGAAAAATTTGAAGGGATGgTCAGGTCTACCCATA 
AGCCCTTGAGGTCGGAAGAAACTG6ACTTTTTAAACTTCCCTACCAGTCCA6ATG6GTAT 
PheGluAl  a S e r S e r G l y A r g V a l V a l G l y A r q V a l L y s V a l G l y L y s A s n 6 1 u G l u S e r  5  881  TTTGAGGCTTCTAGTGGCAGGGTGGTCGGCAGAGTT  AAAGT  AGGAAAGAATGAGGAATCC 
AAACTCCGAAGATCACCGTCCCACCAGCCGTCTCAATTTCATCCTTTCTTACTCCTTAGG 

«-„  .  L y s P r o T h r L y s L e u M e t S e r G l y l   l e G l n T h r V a l S e r L y s S e r T h r A l a A s p L e u T h r  5  9A1  AAGCCCACAAAATTAATGAGTGGtATCCAAACCGTCTCAAAAAGCACAGCCGATTTAACA 
TTCGGGTGTTTTAATTACTCACCATAGGTTTGGCAGAGTTTTTCGTGTCGGCTAAATTGT 
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figure  2 

G l u r 1 e t V * t L y s l y « I   I  eThrSerMetAsnArgGl   yAs  pPhelysG  1  nl  1  eThrLeu  A  1  * 

TGTCCCCGTCCTTTTT6ATGTCTTGAGGGT7TCCGTCACTATCTCCTCTATCCTTCTGT6 

6121  a a g c g S g t g c t a g t g c t t a t a c c a t t g a g a g c a g c a g c t g a g t c a g t c t A t c a a t a c a ^  
^CGCCCACGATCACGAATATGGTAACTCTCGTCGT  CGA  CT  C  AGT  CA6ATAGTT  ATGT  AC 
61SS  p v u l l ,   6158  t t h l l l l ,  

n * *   A ? 2 V ? c * n r l l E ^ S 5 S C I l 5 § S E £ t 5 A B n L e , , A r 9 I I e G l y A s p « * t L y i i G l u G l y A s p  6181  AGATTGAiACATCCCAGTATCTCCTTCAACTTAAGA 
TCTAACTTTGTAGGGTCATAGA6GAAGTTGAATTCTTATCCCCTGTACTTTCTTCCCCTG 
6210  i i l l l ,  

62A1  a I ^ S a a £ T S § 6 a t £ a c c t a c < 5 C C T C A T a t g g a t a t t t t t 6 c c a a a t g c c g c a g c c g a a g  
TACCGTTGACCCTAGTGGATGCGGA6TATACCTATAAAAAC6GTTTACGGCGTCGGCTTC 
6266  n d e l ,  

43  £ISiSsSiiSS6AISFA6A6TATTCAT*CATATTTCTSGAT^ GAGTCCC6GCGTTACCATCT  CATAAGTATGT  ATAAAGACCT  ACTCATAGT6ACAC6ATGA 
S S S ^ i y S i D t S y f t 1 ^ * 1   H « G l y L y s l l * H i * A r g P h e S e r G l u S e r I l « A r g V a l V # l  6361  CCTGA6CAGTT6GCTGTCATA 
GGACTCGTCAACCGACAGTATCCTTTTTAAGTGTCTAAAA6ACTTTCGTATTCCCACCAA 

A i . * " ? t T h r A l a T h r P r o A l a G l y  6421  6CTATGACCGCCACCCCA6CAGGGTCAGTAAC7ACAACAG6G 
CGATACTGGCGGTGG6GTCGTCCCAGTCATTGATGTT6TCCCGTTTTTGTG6GTTATCTT 

iie-i  S l v f ^ s I i i S i s E E s s i u v a i H ^ ^  6481  GAATTCa^AGCTCCTGAGGTGATGAAAGGGGAAGACCTTGGAAGCCAGTTCCTTGACATA 
CTTAAGTATCGAGGACTCCACtACTTTCCCCTTCTGGAACCTTCGGTCAAGGAACTGTAT 
6481  e c o r l ,   6*93  u s t l l ,  
A i * S i Y l : e u L y 5 l l e P r o V a l G l u G l u H e t L y s G l y A s n M e t L * u V a I P h « V a l P r o T h r  6541  GCGGGGCTAAAAATCCCGGTTG  AGGAG  ATGAAGGGT  AACATGCTG6TCTTC6TACCCACA 
CGCCCCGATTTTTA6GGCCAACTCCTCTACTTCCCATTGTACGACCAGAAGCATG66T6T 

^ 9 A 5 I ! ' ? S ^ A l * V a l A s e v * l A l a L y * l - y s ' - e u L y 5 A l a L y s G l y T y p A s n S e r G l y T y r  
6601  A6AAACATGGCAGTTGATGTAGCCAAGAAACTAAAAGCCAAGG6CTACAACTCAGGGTAT 

TCTTTGTACCGTCAACTACATCGGTTCTTTGATTTTCGGTTCCCGATGTTGAGTCCCATA 

,  ..  ,  I y r T y r S e r G l y G l u A s P P r o A l a A s n L e u A r g V a l V a l T h r S e r 6 » n S « r P r o T y r V a l  6661  T  ACT  ACAGTGGGGAAGAC  CCGGCT  AACTT6AG&GTGGT  AACAT  CACAGTCCCCATACGT  C 
ATGAT6TCACCCCTTCTGGGCCGATTGAACTCCCACCATTGTAGTGTCAGGGGTATGCA6 

V a l V a l A l * T h r A s n A l a I l e G l u S e r G l y V a l T h r L e u P r o A a p L e u A 5 p T h r V a l V a l  6721  GTAGTAGCCACCAATGCCATTGAGTCAGGGGTAACGCTGCCAGATTTAGATACAGTTGTT 
CATCATC66TGGTTACGGTAACTCAGTCCCCATTGCGACGGTCTAAATCTATGTCAACAA 

e I > ; « - G l y L » u L y s C y s G l u L y * A r g V a l A r g V a l S e r S e r L y s I l « P r a P h « I l e V a l  6781  GACACAGG  T  CTGAAGTGTGAAAAGAGGGTGAGbGTGTCATCAAAAATACCTTTCATAGTA 
CTGTGTCCAGACTTCACACTTTTCTCCCACTCCCACAGTAGTTTTTATGSAAAGTATCAT 

. . . .   Th r6 lXLEi iLy*Al ' 9 r1e tA1*v* lTh tVa lGlyGluGlnAlaGlnArgArg61yArQVal  6641  ACAGGCCTTAAAA6AATGGCTGTCACTGTGGGCGAACA66CTCA6CGAAGAGGCA6SGTA 
TGTCCGGAATTTTCTTACCGACA6TGACACCCGCTTGTCCGACTCGCTTCTCC6TCCCAT 
6843  f t t u l ,  
Gl  yArgValUysProGl   v A r g T y r T y r A r q S e r G l n G l u T h r A l a T h r G l y S e r L y t A s p  6901  GGTAGAGTGAAGCCCGGTAGGTACTATAGAAGCCAGGAAACAGCGACCGGGTCAAAGGAC 
CCATCTCACTTCGGGCCATCCATGATATCTTCGGTCCTTT6TC6CTGGCCCAGTTTCCTG 
6945  t t h l l l l ,  

X ? - t l i f i T y r A s e l - * u l - B u 6 l r > A ' * H i s A r g T y r G l y l l * 6 l u A i p G l Y l l a A m n V a l T h r  
6961  TACCACTATGACCTGTT  ACAGGCACACAG6T  ATGGGAT  AGAAGATGGAATCAACGTGACA 

ATGGTGATACTGGACAATGTCCGT6TGTCCATACCCTATCTTCTACCTTAGTTGCACTGT 
6973  t t h l l l l ,   7017  t t h l l l l ,  

5 
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Figure  i '  LysSerPheArgGl   uHe  tAsnTyrAspTrpSarLtuTyrGluGluAsDSarLauLeu   1  1« 
P ' ^   i f e ^ T T T A G g G A A A T G A A T T ^  

TTCAffGAAATCCCTTl  ACT!  AATGCTAACCTCGGACATGCTCCTCCT6TCGAACGACTAT 

108-4  ACCCAGCTGGAGATACTGAACAA  ̂
TGGGTCGACCTCTAT6ACTTGTTA6ATGA6TA6AGACTTCT6GAT6GTCGTCGTCATTTT 
?oe<r  p V U l l ,  

. ' .,«  A ? " U " " * ^ A ' * A ? 9 l ^ A * p W i « P r o 6 1 u P r o I l e G J n L » u A l 4 T y r A * n S « r T y r G l u  
V M   AAJAISiI555Ai5^F55TCACCCA5AACCAATCCAGCTT6CATACAACAGTTAT6AG 

TTGTAGTACCGTTCCTGACTA6TGGGTCTTGGTTAGGTCGAACGTATGTTGTCAATACTC 
71Sfi  b e l l ,  

fl20i  § I 9 S A ^ I   a^SI  ^^AAAAA  ̂ AAGGAA^GG^^A^^^  YACAGATACTt  ACGAG t  CA6GTCCA6GGACATGACAAAGGTTTTTATTCCTTACCCCTCCAATGTCTATGAATGCTC 
AsnTyrSerPheLeuAsnAlaArgLysLeuGl   yGluAspVal  ProValTyr l   l e T y r  4261  AACTACTCATTCCTAAATGCAAGA r  TTGATGA6TAAGGATTTACGTTCTTTT6ATCCCCTTCTACATGGACACATGTAAATA 
A*nTyrS«rPh;LBuA5nAl*ArgLy*L«uGl  yGluAspval  P  roVa  1  Tyr  1  1  *Tyr  A  I  a 4261  AACTACTCATTCCTAAATGCAAGA T  TTGATGA6TAAGGATTTACGTTCTTTT6ATCCCCTTCTACATGGACACATGTAAATACGG 
ThrGluAspGluAspLeuAl   iVa  1  AspLcuLeuGl  yLeuA*pTrpProAspProGl  yAsn 1)321  ACCGAAGATGAAGACCTGGCAGtAGACCTTCTAGGtTTGGACTGGCCCGACCCAGGGAAC +  TGGCTTCTACTTCTGGACCGTCATCTGGAAGATCCGAACCT6ACCGGGCTGGGTCCCTTG 

G l n G l n V a l V a l G l u T h r G l y L y * A l a L a u L y 5 G l i W a l V a l G l y L « u S « r S e r A l a G l u  
1381  CAGCAAGTAGTGGAGACTGGGAAAGCACTGAA6CAAGTG6TAGGACTGTCCTCT6CTGAG 

GTCGTTCATCACCTCTGACCCTTTCGT6ACTTCGTTCACCATCCTGACA6GAGAC6ACTC 
7440  b i » 1 ,  
A c n A l a L e u t » u I l e A l * L * u P h * G l y T y r V « l G l y T y r G l n A l « L c u S « r L y * A r a H i s  4*41  AATGCCCTGCTCAT  AGCCCTGTTTGG&TATGT  AGGATAT  CAAGCTTTGTCAAAAAGaCAC T  TT  ACGG6ACGAGT  ATCGGGACAAACCCATACAT  CCTATAGTTCGAAACAGTTTTTCTGT6 

$501 

7475  ecorS ,   74S1  h i n d l l l ,  
V a l P r o H e t I l e T h r A s p I l » T y r T h r l l e G l u A f i p G l n A r g L e u 6 l u A s p T h r T h r H i s  
GTCCCAATGATCACAGACATATACACCATAGAAGATCAAAGACTAGAGGACACAACCCAC 
CAGGGTTACTAGTGTCTGTATATGTGGTATCTTCTAGTTTCTGATCTCCTGTGTTGGGTG 
7508  b e l l ,  
LeuGl  nTyrAl  aProAsnAl  a  I  IcArqThrGluGl  yLysGl  uThrG  1  uLs-ulysGluLeu 

7561  CT  CCAAT  ATGCACCTAATGCTAT  AAGAACTGAGGGGAAGGAGACTGAACTAAAGGAAtT  A 
GAG6TTATACGTGGATTACGAT  ATTCTT6ACT  CCCCTTCCT  CTGACTTGATTTCCTTAAT 
A l a V a l G l y A 5 p H e t A s p A r q l l * M e t G l u S e r l l e S « r A * p T y r A l a S « r G l y G l y L a u  

7  621  G  CAGTGGGiGACATGGACAGAATCATGGAATCCAT  CTCAGATTATGCATCAGGA6GGTTG 
CGTCACCCACTGT  ACCTGTCTTA6TACCTT  AGGTAGAGTCTAATACGTAGTCCTCCCAAC 
7  66A  a v a 3 ,  
T h r P h e l l e A r g S e r G l n A l a G l u L v s V a i A r g S e r A l a P r o A l a P h B L y s G l u A s n v a l  

7651  ACATTCATAAGATCTCAGGCAGAGAAAGTAAGATCT6CCCCTGCATTCAAAGAAAACGTG 
TGT  AAGTATTCTAGAGTCCGTCT  CTTTCATTCTAGAC6GG6ACGTAA6TTTCTTTT6CAC 

7690  b g l l !   ,  7711  b g l l l   , 
G l u A l a A l « L y * G l y T y r V a l G l n L y * P h e l l a A * p A l a L * u l l « G l u A * n L y * G l u T h r  

77  Al  GAAGCTGCAAAAGGGTACGTCCAAAAGTTTATTGAYGCTCTTATTGAAAACAAAGAAACC 
CTTC6ACGTTTTCCCATGCAGGTTTTCAAATAACTACGAGAATAACTTTTGTTTCTTTG6 
1  l « l l « A r q T y r G l y L « u T r p G W T h r H i * T h p A l » L * u T y r i . y * S B r l l « A l a A l a A r g  

7801  ATAATCAGATATGGCTTATGGGGAACACACACGGCACTTTACAAeAGTATTGCCGCAAGA 
TATTAGTCTATACCGAATACCCCTTGT6TGTGCCGTGAAATGTTCTCATAACGGCGTTCT 

76*1 
LbuGJ  y H i s G l u T h r A l a P h e A I a T h r L B u V a l l l B L y t ^ r p L e u M  
CTGGG6CATGAAACAGCATTTGCTACGCTA6TGATAAAGTG|CTAG^ 
GACCCCGTACTTTGTCGTAAACGAT6CGATCACTATTTCACCGATCG6AAGCCCCCACTC 
7902  n h « l  
ProVa  1  SerAs  pHi  sVa  1  ArqGl  nAl  aThrVa  1  AspL;uVa  1  V*l  TyrTvrVa  lMatAtn 

7921  C  CGGTGT  CAGATC  AT6TGAgXcaGGC6ACCGTT6A  t  CTGGTCGTTTAYTAT^ 
GGCCACAGTCT  AGT  AC  ACT  CTGTCCGCTG6CAACT66ACCAGCAAAT  AATACACTACTTG 

26 
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Fiqure  2 
L y s P r o S e r P h e P r o G l y A s p S e r G l u T h r G l n G l n G l u G l y A r q A r q ' P h e V a l A l a S e r  79  81  AAACCCTCTTT  CCCAGG6GATT  CCGAAAC  C  C  AGCAGG  AGGGGAG6CGATT  CG  T  TGCCAGC 
TTTGGGAGAAAGGGTCCCCTAAGGCTTTGGGTCGTCCTCCCCTCCGCTAAGCAACGGTCG 

8041  TTATTCATCTCCGCTCTGGCAACCTACACATACAAGACTTGGAACTACCACAACCTCTCC 
AATAAGT  AGAGGCGA6ACCGTTGGATGTGTATGTTCTGAACCTTGATGGTGTTGGAGAGG 

8101 

8161 

8221 

8261  

6341  

6401  

6461  

8521  

8 5 8 1  

6641  

6701  

L y s V a l V a l G l u P r o A l a L e u A l a T y r L e u P r o T y r A l a T h r S e r A l a L e u L y s M e t P h e  
AAGGTAGTAGAACCAGCTTTGGCATACCTCCCCTACGCTACCAGTGCACTGAAAATGTTC 
TTCCATCATCTTGGTCGAAACCGTATGGAGGGGATGCGATGGTCACGTGACTTTTACAAG 
8151  xmnl  , 
T h r P r o T h r A r q L e u G l u S e r G l u V a l l l e L e u S e r T h r T h r l l e T y r L y s T h r T y r L e u  
ACCCCAACTAGACTGGAGAGCGAGGTTATACTTAGCACTACAATATACAAAACTTACCTC 
TGGGGTTGATCTGACCTCTCGCTCCAATATGAATCGTGATGTTATATGTTTTGAATGGAG 

S e r l l e A r g L y s G l y L y s S e r A s p G l y L e u L e u G l y T h r G l y l l e S e r A l a A l a M e t G l u  
TCAATAAGGAAGGGGAAAAGTGATGGACTCTTGGGTACA6GGATTA6TGC6GCAATGGAA 
AGTTATTCCTTCCCCTTTTCACTACCTGAGAACCCATGTCCCTAATCACGCCGTTACCTT 
1  l e L e u S e r G l n A s n P r o V a l S e r V a l G l y l l e S e r V a l h e t L e u G l y V a l G l y A l a l   le  
ATTCTGTCACAGAACCCGGTATCGGTAGGCATATCTGTTATGCTGGGGGTGGGGGCAATT 
TAAGACAGTGTCTTGGGCCATAGCCATCCGTATAGACAATACGACCCCCACCCCCGTTAA 
8284  t t h l l l l ,  
A l a A l a H i s A s n A l a l l e G l u S e r S e r G l u G l n L y s A r q T h r L e u L e u H e t L y s V a l P h e  
GCCGCTCACAATGCCATTGAGTCTAGCGAACAAAAAAGGACCCTGTTGATGAAAGTGTTC 
CGGCGAGTGTTAC6GT  AACTCA6ATCGCTTGTTTTTTCCTGGGACAACTACTTTCACAAG 

8391  xmnl  , 
V a l L y s A s n P h e T r p S e r G l n A l a A l a T h r A s p G l u L e u V a l L y s G l u A s n P r o G l u L y s  
GTAAAAAACTTCTGGAGCCAGGCAGCAACAGATGAATTGGTGAAGGAAAATCCAGAAAAA 
CATTTTT7GAAGACCTCGGTCCGTCGTTGTCTACTTAACCACTTCCTTTTAGGTCTTTTT 
I l e l l e M e t A l a L e u P h e G l u A l a V a l G l n T h r l l e G l y A s n P r o L e u A r q L e u I l e T y r  
ATAATAATGGCCCTATTTGAAGCAGTTCA6ACAATTGGTAACCCTCTGAGGCTTATATAT 
TATTATTACCGGGATAAACTTC6TCAAGTCTGTTAACCATTGGGAGACTCCGAATATATA 

8479  xmnl,  8497  b s t E 2 ,  
H i s L e u T y r G l y V a l T y r T y r L y s G l y T r p G l u A l a L y s G l u L e u S e r G l u A r q T h r A l a  
CACCTGT  ATGGAGTTT  ACTaCAAAGGcTGGGAAGCAAAAGAACTATCCGAGAGSaCAGCA 
GTGGACATACCTCAAATGAT6TTTCCGACCCTTCGTTTTCTTGATAGGCTCTCCTGTCGT 

GlyArqAsnLeuPheThrLeuI   1  ettet  PheG  1  u  A  1  aPheG  luLeuLeuG  1  yHetAspSer  
GGtAGGAACCTGTTCACTTTGATAATGTT  CGAAGCTTT  CGAACTGTT  AGGGATG6ACTCT 
CCGTCCTTGGACAAGTGAAACTATTACAAGCTTCGAAAGCTTGACAATCCCTACCTGA6A 

8586  xmnl,  8612  h i n d l l l ,  
G l u G l y L y s I l e A r q A s n L e u S e r G l y A s n T y r l l e L e u A s p L e u l   1  eTyrSerLeuHi  s 
GAAGGGAAGATAAGGAACCTGTCTGGAAATTATATCTTGGATTTGATCTATAGTTTACAT 
CTTCCCTTCTATTCCTTGGACAGACCTTTAATATAGAACCTAAACTAGATATCAAATGTA 

LysGln l   1  eAsnArqSerLeuLysLy  sVa  1  Va  1  LeuG  1  y  TrpA  I  a  Pro  A  1  a P r o P h e S e r  
AAACAGATAAACAGAAGCT7GAAGAAAGTGGTCCTGG6GTGGGCT  CCCGCACCTTTTAGT 
TTTGTCTATTTGTCTTCGAACTTCTTTCACCAGGACCCCACCCGAGGGCGTGGAAAATCA 

8715  h i n d l l l   , 

C y s A s p T r p T h r P r o S e r A s p G l u A r q l   leArqLeuProThrAspAsnTyrLeuArqVa  1 
TGTGACTGGACTCCTAGTGATGAGAGAATTAGGTTACCCACAGACAACTATCTAAGAGT6 

6761  ACACTGACCTGAGGATCACTACTCTCTTAATCCAATGGGTGTCTGTTGATA6ATTCTCAC 

8792  b s t E 2 ,  
G l u T h r L y s C y s P r o C y s G l y T y r G l u M e t L y s A l a L e u A r q A s n V a l S e r G l y S e r L e u  
GAGACTAAGTGCCCATGTGGTTATGAGAT6AAAGCACTAAGGAACGTTAGTGGCAGTCTT 

»821  CT  CTGATTCACGGGTACACCAATACTCTACTTTCGT6ATTCCTT6CAAT  CACCGTCAGAA 

Thrl  l e V a l G l u G l u L y s G l y P r o P h e L e u C y s A r d A s n A r g P r o G l   y  ArgG  1  y  ProVa  1 
mmmt  ACT  AT  AGTGGAAGAGAAAGGGCCTTTTCTCTgTAGGAACAGGCCTGGTA  ̂*»B1  TGATATCACCTTCTCTTTCCCGGAAAAGAGACATCCTTGTCCGGACCATCTCCCGGTCAA 

8920  s tu !   ,  8938  hpal  , 
A s n T y r A r q V a l T h r L y s T y r T y r A s p A s p A s n L e u A l a G l u n  AACTATAGAGTTACAAAATACTATGATGAtAACCTCGCAGAGATAAAGCCAGTTCGAAGA 
TTGATATCTCAATGTTTTATGATACTACTGTTGGAGCGTCTCTATTTCGGTCAAGCTTCT 

8821  

6661  
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Figure  2 
LeuG  luG  1  yL#uVj  l G l u H i s T y r T y r C y « G l y v a l T h r A l * A r q l L * A S p T y r G l y L y s  

9001  CTA6AAG6ACTC6TG6A6CACTATTACAAA6GT6TCACAGCAAGGATA6ATTATGGCAAG 
GAT  CTT  CCTGAGC  AC  CT  CGTGAT  AAT  GTTTCCACAGTGTCGTTCC7ATCTAATACCGTTC 

S W L y s H e t L e u L e ' u A l a T h r A s p L y s T r p G l u V a l G l u H i s & l y l   I  eVa  1  Thr  ArqLeu 9061  GGAAAAATGCTGTTAGCCACTGATAAATGG«A6GTGGA6CACGGTATCGTAACTAGGTTG 
CCTTTTTACGACAATCGGTGACTATTTACCCTCCACCTCGTGCCATAGCATTGATCCAAC 

A  I  aLysLysTyrTrtrGl  yVa  IGl  y  PheLy  *6  1  yA  I  aT  y  rLeuG  1  yAs  pG  1  uPraAsnH  I  s 9121  GCGAAGAAGTACACIGGl  GTTGGGTTCAAGGGA6CAT  ACCTGGGiGACGAGCCCAACCAC CGCTT  CTTCATGTGACCACAACCCAAGTTCCCTC6TATGGACCCACTGCTCGGGTTGGT6 
ArgAspLeuValGluArqAspCysAl  aThrl  1  eThrLysAsnThrVa  1  G  I  nPheLeuLys 9161  CGTGACCTAGTGGAAAGAGACTGTGCAACCAT  AACCAAAAAT  ACAGTTCAGTTTTTGAAA 
GCACT66ATCACCTTTCTCT6ACACGTT6GTATT6GTTTTTATGTCAAGTCAAAAACTTT 

MetLysLysGlyCysAlaPheThrTyrAs   pLeuSerLeuSer   AsnLeuThr  ArgLeu  I  )  e 9241  ATGAA6AAAGGCTGTGCATTTACCTATGACTTGTCCCTGTCCAATTT6ACCAGfiTTAATT 
T  ACTTCTTTCCGACACGT  AAATGGATACTGAACAGGGACAGGTTAAACTGGTCCAATTAA 
GluLeuVal  HisLy  sAsnAsnLeuGl  uGluLysAspl  1  eProA  1  a  A  1  aThrLeuThrThr  9301  GAATT  GGTGCACAAAAAT  AAC  CTTG  AAGA6AAAGACAT  AC  CAGCCGCCACATTAACAACA 
CTTAACCACGTGTTTTTATTG6AACTTCTCTTTCTGTATG6TC6GCGGT6TAATT6TTGT 
CysL«uAlaTyrThrPheVa  1  AsnG  1  uAspI  leGl  yThrl   I  c lysProVa  lLtuG  1  yGlu 9361  TGCCT  AGCTTACACATTTGTGAATGAAGAi  AT  CGGGACTATAAAACCAGTACT6GGGGAG 
ACGGATCGAAT6TGT  AAACACT  YACTTCTATAGCCCTGATATTTTGGTCATGA'CCCCCTC 
9366  ecor5 ,   9406  s e a l ,  
A r g V a l l l c A l a A s o P r o V a l V a l A s p I l e A s n L e u G l n P r o G l u V a l G l n V a l A s p T h r  94  21  AGAGTGATAGCCGAtCCAGTGGTAGACATTAACTTACAACCAGAAGTGCAGGTGGATACA 
TCTCACTATC6GCTGGGTCACCATCTGTAATTGAATGTTGGTCTTCACGTCCACCTATGT 

S e r G l u V a l G l y l l e T h r L e u V a l G l y A r q A l a A l a L e u r l e t T h r T h r G l y l l e T h r P r o  
9461  TCAGA6GTTGGGATCACTCTGGTTGGAA6AGCAGCCT7GATGACAACAGGTATTACACCC 

AGTCTCCAACCCTAGT6AGACCAACCTTCTCGTCG6AACTACTGTTGTCCATAATGTGGG 
Va  I  Va  lGluLysThrG  1  uProAsnAl  aAspGl  ySer  P roSe rSe r   I  1  eLysI  leG  1  yLeu 

9541  GTGGTT6AAA  AAACAGAGCCTAATGCCGAlGGCAGTCC  AAGCT  CTATAAAGATTG6ACTG 
CACCAACTTtTTTGTCTCGGATTACGGCTACCGTCAGGTTCGAGATATTTCTAACCTGAC 

AspGluGlyCysTyrP roGlyProArgProGlnAsaHi f iTh rLcuAlaAspGlu I   l e H i s  
9601  GACGAAGGATbTT  ACCCAGGGCCTAGaCCGCAAGACCACACTTT  AGCTGAC6AAATACAT 

CTGCTTCCTACAATGGGTCCCGGATCTGGCGTTCTGGT6TGAAATCGACTGCTTTATGTA 

SerApqAspGluArgProPheVa  lLeuVa  l L e u G l y S e r A r q S e r S e r r t e t S e r A s n A r g  
9661  TCTAGGGATGAAAGGCCCTTTGTTTTGGTCTTGGGTTCAAGAAGTTCCATGTCAAATAGA 

AGATCCCTACTTTCCGGGAAACAAAACCAGAACCCAAGTTCTTCAAGGTACAGTTTATCT 

9721 

9781 

A l a L y s T h r A l a A r g A s n l l e A s n C y s T h r G I n L y s A r a P r o G l n G l u l   leArqAspLeu 
GCAAAAACT6CTAGAAACATCAACTGTACACAGAAAAGACCCCAGGAAATTAGAGATCTG 
CGTTTTTGACGATCTTTGT  AGTTGACATGTGT  C  TT  TTCTGGG6TCCTTT  AAT  CTCT  AGAC 
9774  b g l l l ,  
MetAlaGlnGlyArqMetLeuValVal   A l a L e u A r g S e r P h e A s n P r o G l u L e u S e r G l u  
ATGGCACAAGGGCG  T  ATGCTAGTAGTGGCTTT  AAGAAGTTTCAATCCTGAGTTGTCTGAA 
TACCGTGTTCCCGCATACGATCATCACCGAAATTCTTCAAAGTTAGGACTCAACAGACTT 

9841 

9901 

9640  s p e l ,  
LcuVa  \  A«pPheLy*G  1  y  Thr  PheLeuAsp  Arg  Va  1  A  1  aLeuG  1  u  A  1  aLeuSerLeuG  1  y 
CTAGTTGATTT  CAAGGGGACTTT  CT  T66AT  AGGGTTGCCTT66AAGCCCTTAGCCTGGGG 
G  ATCAACT  AAAGTT  CCCCTGAAAGAACCT  AT  CCCAACGGAACCTTC6GGAATCG6ACCCC 
9900  b g l l ,  
P r o G l y A r q P r o L y s G l n V a l T h r T h r A l a T h r V a l L y s G l u L e u L * u 6 1 u 6 1 n G l u G l u  
CCGGGAAGGCCCAAGCAGGTAACCACAGCCACAGTTAAGGAGTTGCTAGAGCAAGAGGAA 
6GCCCTTCCGGGTTCGTCCATTG6TGTCGGTGTCAATTCCTCAACGATCTC6TTCTCCTT 
9918  b * t E 2 ,  

G l n V a l G l u I l e P r o A s n T r p P h e G   I  yAlaAspABpPcoValPhaLeuGluValAla l . au  
9961  CAAGTCGAGATCCCCAACTGGTTCGGTGCGGATGACCCAGTCTTCTTGGAAGTA6CTCTG 

GTTCAGCTCTAGGGGTTGACCAAGCCAC6CCTACTGGGTCAGAAGAACCTTCATC6AGAC 
9994  t t h l l l l   . 
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10021 

lOOSt 

L v s G l y A s p L y s l y r H i s L e u V a l G l y A s p V a l A s p L y s V a i L y s A s p G l n A l a L y s G l y  
AAGGGTGACAAAT  ACC  ACT  TAGTAGGT  GAT  GTAGAT  AAAGT  AAAAGATCAAGCAAAGGGA 
TTCCCACTGTTT  A  T  G6  T  G  A  A  T  C  A  T  C  C  AC  T  A  C  A  T  C  T  A  T  T  T  C  AT  T  T  T  CT  AGT  T  CGT  T  TC  C  CT 
L e u G l y A I a T h r A s p G l n T h r A r g l l e V a l L y s G l u V a l G l y A l a A r g T h r T y r T h r M e t  
CTAGGGGCCACGGACCAAACTAGAATAGTAAAAGAAGTAGGTGCGAGAACC  TACACAATG 
GATCCCCGGTGCCTGGTTT6ATCTTATCATTTT  CT  T  CAT  CCACGCT  CT  TGGATGTGTT  AC 

10141 

10201 

10261 

10321 

10381 

10441 

10501 

10561 

10621 

L y s L e u S e r S e r T r p P h e l e u G l n A l a S e r S e r L y s G l   nMe tSe rLeuThrP roLeuPhe  
AAGCTGTCT  AG  T  T  GGT  T  T  C  T  T  C  A  A6  C  AT  C  A  AG  T  A  AA  C  AGATG  AGCTTG  AC  CC  CT  TTGTT  C 
TTCGACAGAT  C  AAC  C  AAA6A  AGTT  C6T  AGT  T  C  ATTTGT  CT  ACT  CGAACTGGG6AAACAA6 

G l u G l u L e u L e u L e u A r q C y s P r o P r o L y s M e t L y s A s n A s n L y s G l y H i s l l e G l y S a r  
GAGGAACTGTTGCTTCGTTGCCCTCCCAAGATGAAGAACAATAAAGGGCATATC6GATCA 
CTCCTTGACAACGAAGCAACGGGAGGGTTCTACTTCTTGTTATTTCCCGTATAGCCTAGT 

AlaTyr61n leuAlaGlnGl   yAsnT  rpG  1  u  ProLeu  As  pCysG  1  y  Va  1  HI  sLeuG  1  yThr  
GCCTACCAACTAGCTCAGGGCAACTGGGAACCCCTCGATTGTGGAGTACACCTGGGcACC 
CGGATGGTTGATCGA6TCCCGTTGACCCTTGGGGAGCTAACACCTCATGT6GACCC6T6G 

l l e P r o A l a A r g A r q V a l L y s I l e H i s P r o T y r G l u A l   aTyrLeuLy  aLeuLyaAspLeu 
ATACCTGCCAGGAGGGTAAAGATCCACCCATATGAGGCCTATCT6AAACT6AA6GATTTA 
TATGGACGGT  C  CT  C  C  CATTT  CT  AGGTG6GT  AT  ACT  CCGGATAGACTTTG  ACTT  CCT  AA  AT 
10349  ndel ,   10355  s tul   , 
L e u G l u G l u G l u G R i A r q L y s P r o G l u G l y A r g A s p T h r V a l l l e A r g G l u H l a A s n L y s  
TT  AGAAGAAGAAGAGAGGAAGCCAGAGGGi  AGAGAT  ACAGTGATAAGA6AACATAACAAG 
AATCTTCTTCTTCTCTCCTTCGGTCTCCCATCTCTATGTCACTATTCTCTT6TATTGTTC 

Trpl  1  eLeuLysLysVa  1  A r g P r o P r o A r g L y s P r o G l n T y r L y s 6 l u A s n P r o 6 1 n P r o  
TGGATCCTCAAAAAAGTGAGGCCACCAAGGAAACCTCAATACAAAGAAAATCCTCAACCC 
ACCTAGGAGTTTTTTCACTCCGGT6GTTCCTTT6GAGTTATGTTTCTTTTAG6AGTTG6G 
10442  bamhl ,  
T rpLysAla l   1  e  Arq  A  1  aThrArgLeuG  1  uLy  sG  1  y  1  1  eLysG  l u T h r S e r l   1  el  1  a T h r  
TGGAAAGCT  ATCAGaGCAACTAGaCTAGAGAAGGGCATAAaAGAAACATCTATAATAACC 
ACCTTTCGATAGTCTCGTTGATCTGATCTCTTCCC6TATTTTCTTT6TAGATATTATTGG 

L y s L e u A l a S e r l l e L e u T h r G l y A l a G l y l l   e  ArqLeuG  1  uLysLeuProVa  1  Va  1  Arg 
AAATTGGCCT  CCAT  ACT  AACA6GT6CAGGAAT  AAGGCT6GAAAAATTGCCAGTCGTTAGA 
TTT  AACCGGAGGTATGATTGTCCACGTCCTTATTCCGACCTTTTTAACG6TCAGCAATCT 

A l a G l n T h r A s p H i s L y s S e r P h e H l s G l u A l a l   1  e  Arg  AspLys  1  1  eAs  pLy  s  AsnG  1  u 
GCCCAAACTGACC  AT  AAAAGTTTCCATGAGGCAATCAGaGATAAGAT  AGACAA6AACGAA 
CGGGTTTGACTGGTATTTTCAAAGGTACTCCGTTAGTCTCTATTCTATCT6TTCTTGCTT 

A s n G l n G l n S e r P r o G l y L e u H i s A s p L y s L e u L e u G l u l l a P h e H i s T h r l l e A l a G l n  
10681  AAT  CAGCAGAGCCCAGGaTTACATGATAAATTGTTAGAGATCTTTCACACAATAGCCCAA 

TTAGTCGTCTCGGGTCCTAAT6TACTATTTAACAATCTCTAGAAAGTGTGTTATCG6GTT 

10718  b g l l l ,  
P r o S e r L e u L y s H i s T h r T y r G l y G l u V a l T h r T r p G l u G l n L e u G l u A l a G l y l l e A s n  

10741  CCCAGCCTAAAGCACACTTACGGCGAAGTGACGTGGGAACAGCTT6AGGCAGGGATCAAC 
6GGTCGGATTTCGTGTGAATGCCGCTTCACTGCACCCTTGTCGAACTCCGTCCCTAGTTG 

ArgLysGlyAlaAlaGlyPheLeuGluLysLysAsnLeuGlyGluVa lLeuAspSerGlu  
10801  AGAAAAGGGGCTGCAG6CTTTCTAGAAAAGAAGAATCTT6GAGAA6TACT6GACTCAGAG 

T  CTTTT  CCCCGACGTCCGAAAGATCTTTTCTTCTTAGAACCTCTTCATGACCTGA6TCTC 
10811  p s t l ,   10821  xbal ,   10845  s e a l ,  
LysHisLeuVa  1  AspGlnLeul  I  e  Arg  As  pLeuLysThrG  1  yArqLys  I  l e A r g T y r T y r  

10861  AAGCACCTGGTGGACCAACTAATCAGAGACCTGAAAACAGGACGGAAGATAA6ATATTAT 
TTCGTGGACCACCT6GTT6ATTAGTCTCTGGACTTTTGTCCT6CCTTCTATTCTATAATA 

GluThrAl  al  1  eProLysAsnGl  uLysArg  AspVa  1  Ser  AapAspTrpG  1  nAl  aG  1  yA«p 
10921  GAGACAGCAAT  ACCT  AAGAACGAGAAGAGGGATGTCAGT6ACGATT66CAA6CAGGGGAC 

CTCTGTCGTTATGGATTCTTGCTCTTCTCCCTACAGTCACTGCTAACCGTTC6TCCCCT6 

10981 

11041 

1  1  eVa  1  AspGluLysLysProArgVal  1  1  eG  I  nTyrPro61uAl  aLysThrArgLeuA  1  a 
AT  AGT  TGATGAAAAGAAACCAAGAGTGATT  CAATACCCTGAA6CTAAGACAA6ACT6GCC 
TATCAACTACTTTTCTTTG6TTCTCACTAAGTTATGGGACTTC6ATTCT6TTCT6ACCGG 

11036  b a l l ,  
1  1  eThrLysVa  lMetTyrAsnTrpValLysGl  nGlnProValVal  l l e P r o G l y T y r G l u  
AT  CACT  AAAGT  TAT6T  ACAACTGGGTGA  AG  CAGCAGCCTGTTGTGATCCCAGGbTATGAA 
TAGTGATTTCAATACAT6TTGACCCACTTCGTCGTCGGACAACACTA66GTCCCATACTT 
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Figure  2 

G l y t y s T h r P r o L e u P h e L y s l l e P h e A s n L y B v a l A r g L y s G l u T r p A s p l e u P h e A s n  
1  HCfl  G6GAAGACCCCAT  T  A  T  T  C  A  AG  A  T  CT  T  T  A  A  C  AAGGT  A  AGAA  AG6  A  ATG6GACCTGTT  C  AAT CCCTTCTG6GGTAAT  AAGT  JCTA6AAATTGTTCCATT  CTTTCCTTACCCTGGACAAGTTA 

11120  b g l l l   , 
GluPr  ova  1A1  aVa  lSerPheAspThrLysAl   aTrpAspThrGlnVa  IThrSerAroAso  11161  GAGCCAGTAGCTGTGAGTTT  TGATACTAAGGCCTGGGACACCCAAGTCACTAGTAGGGAI 
CTC6GTCATCGACACTCAAAACTATGATTCC6GACCCT6TGG6TTCAGTGATCATCCCTA 
11189  s tu!   ,  11209  spel  , 
L e u A r g ^ e u l l e G l y G l u l l e G l n L y s T y r T y r T y r A r a L y s G I u T r p H i t L y s P h e l l e  

11221  CTACGGCTTATTGGTGAAATT  CAAAAATATTACT  ACAGGAAGGAGTGGCACAAATTCATC 
GATGCCGAATAACCACTTTAAGTTTTTATAATGAT6TCCTTCCTCACCGTGTTTAA6TAG 
11246  s s p l ,   11278  c l a l ,  
AspThrl  l eThrAspHisMetValGluVal   ProVa  1  1  1  e  Thr  A  1  a  As  pG  1  yGl  uVa  1  Ty  r  11281  GAiACCAT  C  ACCGACC  ACATGGTGGAGGT  ACCAGTCATAAC  AGCAGATG6TGAA6T  AT  AC CT  ATGGTAGTG6CTGGTGT  ACCACCT  CCATGGTCAGTATTGTCGTCTACCACTTCATATG 
11307  k p n l ,  
1  1  eArg  AsnGl  yG  1  nArgGl  ySerGl  yG  1  nProAspThrSer  A  1  aG  1  yAsnSerMetLeu 11341  ATAAGAAATGGACAAAGSGGTAGTGGCCAGCCAGACACAAGC6CAGGTAACAGCATGCTA 
TATTCTTTACCTGTTTCCCCATCACCGGTC6GTCTGT6TTC6CGTCCATTGTCGTAC6AT 
11364  bal l   ,  11393  sphl  , 
AsnValL«uThrHe tHe tTyrAlaPheCysGluS*rThrGl   yVal  ProTy  r L y s S e r P h e  11401  AATGTGTT  AACAATGATGT  ATGC  CTTCTGTGAAAGT  ACGGGGGT  TCCATATAAGAGTTTT TT  ACACAATTGTT  ACT  ACATACGGAAGACACTTTCATGCCCCCAAGGTATATTCTCAAAA 
11406  hpal  , 
AsnArgVal  AlaAral   leHisVa  I  CysGlyAspAspG  1  y  PheLeuI  1  aThrG  luArq6  1  y 11461  AATAGaGTTGCAAGGaT  CCATGT  CT&TGGGGATGACGGCTTCCTGATAACAGAGAGG6GG 
TTATCTCAACGTTCCTAGGTACAGACACCCCTACTGCC6AAGGACTATTGTCTCTCCCCC 
11474  bamhl,  11476  b s t X I ,  
LeuGlyThrLysl   1  e  C  y  sG  1  nG  1  nArq  As  pA  1  aAs  nPheC  y  she  t  Arq  Ar-qA  1  a S e r S e r  

11521  CTGGGC  ACT  AAA  ATT  TGCCAACAAAGG6ATGCAAACT1  CTGCATGAGGCGSGCAAGCTCA 
GACCCGTGATTTT  AAACGGTT6TTTCCCTACGTTTGAAGACGT  ACTCCGCCCGTTCGA6T 

11581 

11641 

11701 

LysAinAsnAro  ArgGl  yLysAsnG  1  uSerLeuPro  1  leGl  yteuArgHisArgVa  lLeu AAAAAT  AACAG  AAGGGGaAAGAATGA  AAGCTTGCCTATAGGl  TTGAGGCATAGAGTTTTG 
TTTTTATTGT  CTTCCCCTTTCTTACTTTCGAACGGATATCCAAACTCC6TATCTCAAAAC 
11607  h i n d m   , 
L e u P r o H i s T h r S e r P r o A r g L y s C y s L e u I   lei  leProA  1  a  A  1  aThrTrpProVa  1  G  1  y CTCCCACACACCAGTCCCCG  i  AAGTGTCTGATAATACCAGCAGCT  ACATGGCCGGTAGGC 
GAGGGTGTGTGGT  CAGGGGCATTCACAGACT  ATTATGGTCGtCGATGTACCGGCCATCCG 
T h r A l a l l e l l e L e u S e r L y s M e t A l a A s n L y s I l e G l y L e u S e r G l y G l u A r g G l y T h r  
ACT6CCATTATATTATCAAA6ATGGCCAACAAGATTGGATTAAGTGGAGAGA6A6GTACC 
T6ACGGTAATATAATAGTTTCTACCG6TT6TTCTAACCTAATT  CACCT  CT  CT  CTC  C  ATGG 
11723  b a l l ,   11755  k p n l ,  

11761 

11821 

11681 

11941 

ThrAl  aTyrGluLysAl  »Val  Al  aPheSerPh«?LeuLeuMetTyr5#rTrpAsnProLeu 
ACGGCAT  ATGAAAAGGCAGTGGCTTTCAGTTTCTTGTTGATGTACT  CCT66AATCCACTT 
TGCCGTATACTTTTCCGTCACC6AAA6TCAAA6AACAACTACATGAGGACCTTAGGTGAA 
11765  n d e l ,  
ValAroArql  l e C y s L e u L e u V a l L e u S e r G l n H i s P r o G l u T h r A l a P r o S e r T h r G l n  GTAAGGAG&ATTT6TCTCCTGGTTCTTTCACAGCATCCAGAAACA6CTCCATCAACCCAG 
CATTCCTCCTAAACAGAGGACCAAGAAAGTGTCG.TA6GTCTTT6TC6AG6TAGTTGGGTC 
T h r S e r T y r T y r T y r L y s G l y A s p P r o l l e G l y A l a T y r L y s A s p V a l   MeGlyLysAsn 
ACCTCTTACTATT  AT  AAAGGAGACCCAATAGGGGCCTaT  AAAGATGTT  ATAG6AAAAAAT 
TGGAGAATGAT  AATATTTCCTCTGGGTT  ATCCCCG6ATATTTCT  ACAATATCCTTTTTT  A 
LeuSerG  luLeuLy  sArqThrGl  yPheGluLy  sLeuA  1  aA&nLeuAsnLeuSerLeuSer 
c t g a g t g a a c t a a a a a g S a c g g g t t t t g a a a a a t t g g c t a a t c t a a a t c t a a g c c t g t c c  
g a c t c a c t t g a t t t t t c c t g c c c a a a a c t t t t t a a c c 6 a t t a g a t t t a 6 a t t c 6 g a c a g g  
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r  luura  4. 

TGTGATCCTT  AGAC  CAGGTTTGT  AT  GTTCATTTGCT  TAT  TA6GTC TGTGATCCTt  AGAC  CAGGTTTGT  AT  GTTCATTTGCT  TAT  TA6GTCCTGAC  AC  ATTGGT  AG 

i  „.  ,  GlyLyaGluAapGl  yAsnTrpLtuVa  1  AsnAl*AspArgL*uI  l i S i r R i r L v i T h r G t   v 
CCCTTTCTCCTGCCGTTAACC6ACCATTTACGGCTGTCC6ACTATAGTTCGTTTTGACC6 
12102  a c o r S ,   12117  b a l l ,  

GTAGACATGTl t i r lSSlOi*^  
GTAGACATGTATGGACTGTTTCCAATATGTAAT6TCCCTTTTGTGATACTT6TTGAA6TT 
12169  Kainl, 

.i  t ? l * 5 1 P 5 l t   A r g T h r S e r P r o l   l a h c t G l y V a l G l y T h r G l u A r a T y r L y i L e u G l   v P r o  
AACGTCCGTTCTTGATCGG6TTA6TACCCTCATCCCTGTCTCTCTATATTT6ATCCAGGA 

122*1  AJASTAAACTTGCTGCTGA6^ 
TATCATTTGAACGACGACTCCTCCAACTTTCA6GACGAATACCGTC6ACAGCCACGGTCG 
122ft*  p v u l l ,  
SarOP 

12301  *STTGAAATAAATGTATATA^ TCAACTTTATTTACATATATAACATGTATTTAGACATAAACATATATAATATATATTT6A 

42361  T^TTGAGATTAGTAGTG^ ATCAACTCT  AATCATCACT  AT  ATATCAATAGATGGAGTTCATTTGTGATGTGA6TTACGT 

{2*21  CACA€CACTTTAGCT6TAT6^ 
GTGTCGT6AAATCGACATACTCCCTT6T6GGCTGCAGGTACCAACCTGATCCCTTCT6G6 
12*52  a a t l l ,   12AS7  ncq!  , 

^2461  TTAACAGCCCCA 
AATTGTCGGGGT 
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