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Description 

BACKGROUND  OF  THE  INVENTION 

5  Field  of  the  Invention: 

The  present  invention  relates  to  a  plasmid  conferring  L-tryptophan  productivity,  microorganisms 
containing  this  plasmid  and  and  a  method  for  producing  L-tryptophan  by  fermentation  using  Coryneform 
glutamic  acid-producing  bacteria  constructed  by  a  gene-recombination  technique. 

70 
Description  of  the  Prior  Art: 

When  L-tryptophan  is  to  be  produced  by  fermentation,  artificial  mutation  has  been  given  to  wild  strains 
to  impart  L-tryptophan  productivity  to  them  because  wild  strains  hardly  produce  L-tryptophan  outside  their 

75  cells. 
As  previously  known  artificial  mutants  having  L-tryptophan  productivity,  there  can  be  cited  mutants  of 

the  genus  of  Brevibacterium,  Microbacterium  or  Corynebacterium  that  are  resistant  to  5-methyltryptophan 
(US  Patent  No.  3,700,539),  mutants  of  the  genus  Corynebacterium  that  require  tyrosine  and  phenylalanine 
for  growth  and  are  resistant  to  phenylalanine  antagonists  (Japanese  Patent  Publication  No.  19037/1976), 

20  mutants  of  the  genus  of  Bacillus  that  are  resistant  to  5-fluorotryptophan  (Japanese  Patent  Laid-Open  No. 
85289/1974)  and  mutants  of  the  genus  of  Brevibacterium  that  are  resistant  to  5-methyltryptophan  and  to  m- 
fluorotryptophan  (Japanese  Patent  Laid-Open  No.  42091/1975). 

On  the  other  hand,  recently  some  reports  have  been  made  on  experiments  for  constructing  T- 
tryptophan-producing  bacteria  using  a  gene  recombination  technique  different  from  the  above-mentioned 

25  artificial  mutation  technique.  For  example,  it  was  reported  in  Appl.  Environ.  Microbiol.  38,  (2),  181-190 
(1979)  that  the  specific  mutants  of  Escherichia  coli  that  contained  a  plasmid  having  trp  E  472  genes  of 
Escherichia  coli  produced  about  1.3  qll  of  L-tryptophan.  In  addition,  it  was  also  mentioned  in  Proceedings 
of  1980  Annual  Meeting  of  the  Society  of  Fermentation  Technology,  Japan,  page  170  that  mutants  of 
Escherichia  coli  containing  a  plasmid  having  the  tryptophan  operons  of  Escherichia  coli  produced  360  mg/I 

30  of  L-tryptophan. 
Furthermore  EP-A-0  136  359  (a  document  under  Art.  54  (3))  discloses  to  produce  aminoacids,  e.g.  L- 

tryptophan  by  inserting  a  gene  involved  in  the  biosynthesis  of  these  aminoacids  into  microorganisms 
belonging  to  the  genus  Corynebacterium  or  Brevibacterium 

Although  several  high  tryptophan-producers  have  been  known  among  the  above  mentioned  mutants  of 
35  Coryneform  glutamic  acid-producing  bacteria,  there  has  been  no  significant  attempt  so  far  known  to 

construct  tryptophan-producers  using  such  Coryneform-bacteria  as  above  which  have  high  potential  ability 
to  produce  L-tryptophan. 

It  is,  therefore  a  still  existing  need  for  a  more  efficient  method  for  producing  L-tryptophan  by 
fermentation. 

40 
SUMMARY  OF  THE  INVENTION 

It  is  therefore  an  object  of  the  present  invention  to  provide  a  plasmid  conferring  L-tryptophan 
productivity,  microoganisms  containing  this  plasmid  and  a  novel  method  for  producing  L-tryptophan  by 

45  fermentation  using  Coryneform  bacteria  constructed  by  a  gene-recombination  technique. 
This  invention  provides  a  recombinant  plasmid,  comprising  the  anthranilic  acid  phosphoribosyl  trans- 

ferase  gene  the  genetic  information  for  the  L-tryptophan  biosynthesis,  obtainable  from  plasmids  carried  by 
B.  lactofermentum  FERM-BP-275  or  FERM-BP-276  inserted  in  a  vector  plasmid  capable  of  self-replicating 
in  cells  of  Coryneform  glutamic  acid-producing  bacteria. 

50  Subject  matter  of  the  present  invention  is  further  a  microorganism  strain  capable  of  producing  L- 
tryptophan,  obtainable  by  incorporating  the  above-defined  recombinant  plasmid  into  a  recipient  belonging  to 
Coryneform  glutamicum  acid-producing  bacteria  resistant  to  a  tryptophan  antagonist. 

There  is  further  provided  a  method  for  producing  L-tryptophan  by  culturing  a  microorganism  capable  of 
producing  L-tryptophan  in  a  culture  medium  and  recovering  the  L-tryptophan  accumulated  in  the  culture 

55  medium  which  is  characterized  by  using  the  above-defined  microorganism. 

BRIEF  DESCRIPTION  OF  THE  INVENTION 

2 
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Figure  1  shows  a  restriction  map  of  plasmid  pAM  330. 
Figure  2  shows  a  restriction  map  of  plasmid  pAM  286. 
Figure  3  shows  a  restriction  map  of  plasmid  pAM  1519. 
Figure  4  shows  a  restriction  map  of  composite  plasmid  pAJ  655. 

5  Figure  5  shows  a  restriction  map  of  composite  plasmid  pAJ  61  1  . 
Figure  6  shows  a  restriction  map  of  composite  plasmid  pAJ  1844. 
Figure  7  shows  a  restriction  map  of  composite  plasmid  pAJ  440. 
Figure  8  shows  a  restriction  map  of  composite  plasmid  pAJ  3148. 

w  DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

The  recombinant  plasmid  in  the  method  of  the  present  invention  at  least  possesses  a  DNA  fragment 
which  contains  the  anthranilic  acid  phosphoribosyl  transferase  gene  which,  when  incorporated  into  mutants 
derived  from  Coryneform  glutamic  acid-producing  bacteria  requiring  at  least  L-tryptophan,  can  eliminate  the 

75  requirement  for  L-tryptophan  of  the  mutants.  This  gene  is  hereinafter  termed  "tryptophan  biosynthesis 
gene". 

The  DNA  fragments  containing  the  tryptophan  biosynthesis  gene  can  be  obtained  from  the 
chromosomal  DNA  of  Coryneform  glutamic  acid-producing  bacteria.  (Bacteria  that  provide  DNA  fragments 
containing  tryptophan  biosynthesis  gene  are  termed  DNA-donors.) 

20  Coryneform  bacteria  are  aerobic,  gram-positive  rods,  non-acidfast  and  are  described  in  Bergey's 
Manual  of  Determinative  Bacteriology,  8th  edition,  599,  (1974).  As  examples  of  specimens  of  wild  strains  of 
Coryneform  glutamic  acid-producing  bacteria  useful  in  the  present  invention,  the  following  can  be  cited: 

Brevibacterium  divaricatum  ATCC  14020 
Brevibacterium  saccharolyticm  ATCC  14066 
Brevibacterium  immaliophilum  ATCC  14068 
Brevibacterium  lactofermentum  ATCC  13869 
Brevibacterium  roseum  ATCC  13825 
Brevibacterium  flavum  ATCC  19240 
Corynebacterium  acetoacidfilum  ATCC  15806 
Corynebacterium  callunae  ATCC  15991 
Corynebacterium  glutamium  ATCC  13032,  13060 
Corynebacterium  lilium  ATCC  15990 
Corynebacterium  melassecola  ATCC  17965 
Microbacterium  ammoniaphilum  ATCC  15354 

Coryneform  glutamic  acid-producing  bacteria  suitable  for  the  present  invention  include  also  mutants  of 
the  wild  strains  of  Coryneform  glutamic  acid-producing  bacteria  having  lost  productivity  of  glutamic  acid  and 

40  various  mutants  producing  amino  acids  such  as  lysine  and  arginine,  purine  nucleosides  such  as  inosine, 
purine  nucleotides  such  as  inosine-5'-monophosphate  or  other  products. 

As  examples  of  tryptophan  antagonists,  there  can  be  cited  4-fluorotryptophan  (abbreviated  as  4-FT 
hereinafter),  5-fluorotryptophan  (abbreviated  as  5-FT  hereinafter),  6-fluorotryptophan,  7-fluorotryptophan,  4- 
methyltryptophan,  5-methyltryptophan,  6-methyltryptophan,  7-methyltryptophan,  naphthylalanine,  in- 

45  doleacrylic  acid,  naphthylacrylic  acid,  /3-(2-benzothienyl)-alanine,  styrylacetic  acid,  indole  and  tryptozan. 
Precursors  of  tryptophan  mean  3-dehydroxy-D-arabino-hepturonic  acid-7-phosphate,  3-dehydroquinic  acid, 
3-dehydroshikimic  acid,  shikimic  acid,  shikimic  acid-3-phosphate,  5-enolpyruvylshikimic  acid-3-phosphate, 
chorismic  acid,  anthranilic  acid,  N-o-carboxyphenyl-D-ribosylamine-5'-phosphate,  1-(o-carboxyphenyl- 
amino)-1-deoxyribulose-5'-phosphate,  and  indole-3-glycerol  phosphate. 

50  As  examples  of  the  mutants,  there  can  be  cited  mutants  of  the  genus  of  Brevibacterium,  Microbac- 
terium  or  Corynebacterium  that  are  resistant  to  5-methyltryptophan  (US  Patent  No.  3700539),  mutants  of  the 
genus  Brevibacterium  that  are  resistant  to  5-methyltryptophan  and  to  m-fluorotryptophan  (Japanese  Patent 
Laid-Open  No,  42091/1975)  and  the  like. 

As  an  example  of  the  mutants  having  an  elevated  biosynthetic  activity  for  precursors  of  tryptophan,  a 
55  strain  having  an  elevated  biosynthetic  activity  for  anthranilic  acid  due  to  elimination  of  a  feedback  inhibition 

by  tryptophan  is  described  in  Agric  Biol.  Chem.,  39,  627,  (1975). 
As  the  tryptophan  biosynthesis  gene,  there  is  used,  anthranilic  acid  phosphoribosyl  transferase.  When 

this  gene  is  inserted  into  a  vector  plasmid  capable  of  self-replicating  in  the  host  cells  and  then  the 

3 



EP  0  124  048  B1 

recombinant  plasmid  is  incorporated  into  DNA-recipients  belonging  to  Coryneform  glutamic  acid-producing 
bacteria,  strains  having  an  elevated  productivity  for  tryptophan  can  be  obtained. 

As  the  DNA-recipients  belonging  to  Coryneform  glutamic  acid-producing  bacteria,  various  strains  can 
be  used.  When  strains  requiring  tryptophan  for  growth  are  used  as  the  recipients,  strains  transformed  with 

5  tryptophan  biosynthesis  genes  can  be  easily  selected  due  to  disappearance  of  the  requirement  for 
tryptophan.  When  strains  sensitive  to  tryptophan  antagonists  are  used  as  the  DNA-recipients  and  tryptophan 
biosynthesis  genes  having  resistance  to  tryptophan  antagonists  are  incorporated  into  the  recipients,  the 
transformed  strains  can  be  easily  selected  as  strains  which  become  resistant  to  the  tryptophan  antagonists. 
To  obtain  transformed  strains  having  an  improved  ability  to  produce  tryptophan,  it  is  preferable  to  use  as 

io  the  recipients  mutants  having  an  increased  biosynthetic  activity  for  tryptophan  or  its  precursor  due  to 
mutations  such  as  resistance  to  tryptophan  antagonists  and  nutrition  requirement.  Mutants  having  the 
improved  permeability  of  tryptophan,  mutants  having  lowered  decomposition  activity  of  tryptophan  and 
mutants  or  strains  having  recombinant  genes  which  have  elevated  biosynthetic  abilities  for  metabolic 
products  such  as  serine,  glutamine  and  pyruvic  acid  which  supply  raw  materials  for  the  tryptophan 

is  biosynthesis  may  bring  good  results,  when  used  as  the  recipient. 
As  the  vector  of  the  present  invention,  any  plasmids  capable  of  self-replicating  in  Coryneform  glutamic 

acid-producing  bacteria  may  be  used. 
As  specimens  of  the  vectors,  the  following  can  be  cited. 

(1)  pAM  330: 
20  (a)  Separation  source:  Brevibacterium  lactofermentum  ATCC  13869 

(b)  Molecular  weight:  3.0  mega  dalton  (calculated  from  a  migration  distance  on  agarose  gel  elec- 
trophoresis  and  the  chain  length  of  DNA  under  an  electron  microscope) 
(c)  Cleavage  sites  with  restriction  enzymes:  Shown  in  Table  1  . 
(d)  Map  of  cleavage  sites  with  restriction  enzymes:  Refer  to  Fig.  1. 

25  (e)  Other  properties:  Cryptic  plasmid 

Table  1 

Restriction  enzyme  Number  of 
restriction  Site 

Alu  I  Arthrobacter  lutus  ^4 
Ava  I  Anabena  variabilis  k2 
Bel  I  Bacillus  caldolyticus  1 
BamH  I  Bacillus  amyroliquefaciens  H  0 
Bgl  II  Bacillus  globigii  0 
BstE  II  Bacillus  stearothermophilus  ET  k4 
EcoR  I  Escherichia  coli  Rl  0 
Hae  II  Haemophilus  eagyptius  1 
HgiA  I  Herpetosiphon  gyganteus  ^4 
Hind  II  Hemophilus  influenzae  ^4 
Hind  III  Hemophilus  influenzae  1 
Hpa  II  Hemophilus  parainfluenzae  ^4 
Kpn  I  Klebsiella  pneumoniae  0 
Pvu  II  Proteus  vulgaris  0 
Sac  I  Streptomyces  achromogenes  0 
Sal  I  Streptomyces  albus  0 
Sau  3a  Staphylococcus  aureus  ^4 
Sma  I  Seratia  marcescens  1 
Sst  I  Streptomyces  Stanford  0 
Xba  I  Xanthomonas  badrii  1 
Xho  I  Xanthomonas  holicola  1 
Xma  I  Xanthomonas  marvacearum  1 
Xor  II  Xanthomonas  oryzae  0 

55 

(2)  pAM  286: 
(a)  Separation  source:  Corynebacterium  glutamicum  AJ11560  (FERM-P5485) 
(b)  Molecular  weight:  3.0  mega  dalton  (calculated  from  a  migration  distance  on  electrophoresis  in  an 

4 
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agarose  gel  and  the  chain  length  of  DNA  under  an  electron  microscope) 
(c)  Cleavage  sites  with  restriction  enzymes:  Shown  in  Table  2. 
(d)  Map  of  cleavage  sites  with  restriction  enzymes:  shown  in  Fig.  2. 
(e)  Other  properties:  Cryptic  plasmid 

5 
Table  2 

Restriction  enzyme  Number  of 
restriction  Site 

Alu  I  ^4 
Ava  I  k2 
BamH  I  0 
Bel  I  1 
Bgl  II  0 
BstE  II  k4 
EcoR  I  0 
Hae  II  1 
HgiA  I  ^A 
Hind  II  >4 
Hind  III  1 
Hpa  II  k4 
Kpm  I  0 
Pvu  II  0 
Sac  I  0 
Sal  I  0 
Sau  3A  k4 
Sma  I  1 
Sst  I  0 
Xba  I  1 
Xho  I  1 
Xma  I  1 
Xor  II  0 

(3)  pHM  1519: 
(a)  Separation  source:  Corynebacterium  glutamicum  ATCC  13058 
(b)  Molecular  weight:  1  .8  mega  dalton 
(c)  Cleavage  sites  with  restriction  enzymes:  Shown  in  Table  3. 
(d)  Map  of  cleavage  sites  with  restriction  enzymes:  Shown  in  Fig.  3. 
(e)  Other  property:  Cryptic  plasmid 

45 
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Table  3 

Restriction  enzyme  Number  of 
restriction  site 

Ava  I  k4 
BamH  I  0 
Bel  I  1 
Bgl  I  1 
HcoR  I  1 
Hae  II  >7 
HgiA  I  ^A 
Hind  III  2 
Kpn  I  0 
Sma  I  0 
Sac  I  2 
Xba  I  0 
Xho  I  0 
Xma  I  0 

(4)  pAJ  655 
(a)  Host  bacterium:  Escherichia  coli  AJ  11882  (FERM-P651  7  =  FERM-BP1  36,  etc.) 
(b)  Molecular  weight:  6.6  mega  dalton 
(c)  Map  of  cleavage  site  with  restriction  enzymes:  Shown  in  Fig.  4. 
(d)  Property:  Composite  plasmid  of  pAM  330  and  pBR  325  (Gene,  4,  121  (1978)).  It  gives  resistance 
to  chloramphenicol. 

(5)  pAJ  61  1 
(a)  Host  bacterium:  Escherichia  coli  AJ  11884  (FERM-P651  9  =  FERM-BP1  38,  etc.) 
(b)  Molecular  weight:  6.6  mega  dalton 
(c)  Map  of  cleavage  site  with  restriction  enzymes:  Shown  in  Fig.  5. 
(d)  Property:  Composite  plasmid  of  pAM  281  and  pBR  325  It  gives  resistance  to  chloramphenicol. 

(6)  pAJ  440 
(a)  Host  bacterium:  Bacillus  subtilus  AJ  111901  (FERM-BP140  =  ATCC  39139,  etc.) 
(b)  Molecular  weight:  6.0  mega  dalton 
(c)  Map  of  cleavage  site  with  restriction  enzymes:  Shown  in  Fig.  6. 
(d)  Property:  Composite  plasmid  of  pAM  330  and  pUB  110  (J.  Bacterid.,  134,  318  (1978))  It  gives 
resistance  to  kanamycin. 

(7)  pAJ  1844 
(a)  Host  bacterium:  Escherichia  coli  AJ  11883  (FERM-P651  9  =  FERM-BP1  37,  etc.) 
(b)  Molecular  weight:  5.4  mega  dalton 
(c)  Map  of  cleavage  site  with  restriction  enzymes:  Shown  in  Fig.  7. 
(d)  Property:  Composite  plasmid  of  pHM  1519  and  pBR  325  It  gives  resistance  to  chloramphenicol. 

(8)  pAJ  3148 
(a)  Host  bacterium:  Corynebacterium  glutamicum  SR  8203  ATCC  39137  etc. 
(b)  Molecular  weight:  6.6  mega  dalton 
(c)  Map  of  cleavage  site  with  restriction  enzymes:  Shown  in  Fig.  8. 
(d)  Property:  Composite  plasmid  of  pHM  1519  and  PUB  110  It  gives  resistance  to  kanamycin. 

As  other  examples  of  such  plasmids  capable  of  self-replicating  in  cells  of  Coryneform  glutamic  acid- 
producing  bacteria,  there  are  pCG  1  (Japanese  Patent  Laid-Open  No.  134500/1982),  pCG  2  (Japanese 
Patent  Laid-Open  No.  35197/1983)  and  pCG  4  and  pCG  11  (Japanese  Patent  Laid-Open  No.  183799/1982), 
which  will  be  all  usable. 

The  chromosomal  DNA  and  the  vector  DNA  can  be  obtained  by  a  usual  method.  The  chromosomal 
DNA  and  vector  DNA  are  each  cut  with  a  restriction  enzyme.  The  cleavage  of  the  vector  DNA  is  achieved 
by  cutting  with  a  restriction  enzyme  that  cuts  the  vector  DNA  at  one  place  or  by  the  partial  digestion  with  a 
restriction  enzyme  that  cuts  the  vector  DNA  at  a  plurality  of  sites.  If  reaction  conditions  are  controlled  so 
that  cutting  with  a  restriction  endonuclease  may  be  performed  partially,  many  types  of  restriction  enzymes 
can  be  used  for  the  chromosome  DNA. 

For  ligating  the  thus  obtained  chromosome  DNA  fragment  with  the  thus  cut  vector  DNA,  an  ordinary 

6 
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method  using  ligase  can  be  used.  On  the  other  hand,  there  can  be  used  also  a  method  of  adding 
deoxyadenylic  acid  and  thymidine  acid  or  deoxyguanylic  acid  and  deoxycytydylic  acid  to  the  chromosomal 
DNA  fragment  and  cleaved  vector  DNA  using  a  terminal  transferase,  respectively,  and  of  mixing  and  then 
annealing  the  chromosome  DNA  fraction  and  the  cleaved  vector  DNA  both  processed  to  ligate  them  with 

5  each  other. 
Incorporation  of  the  thus  obtained  recombinant  of  the  chromosome  DNA  with  the  vector  plasmid  into 

recipient  belonging  to  Coryneform  glutamic  acid-producing  bacteria  can  be  carried  out  by  treating  cells  with 
calcium  chloride  to  increase  the  permeability  of  DNA  as  is  reported  regarding  Escherichia  coli  K-12 
(Mandel,  M.  and  Higa,  A.,  J.  Mol.  Biol.,  53,  159,  (1970)),  or  by  incorporation  at  a  specific  growth  stage  when 

io  cells  become  capable  of  incorporating  DNA  into  them  (competent  cells)  as  is  reported  regarding  Bacillus 
subtilis  (Duncan,  C.  H.,  Wilson,  G.  A.  and  Young,  F.  E.,  Gene,  1,  153  (1977)).  In  addition,  it  is  also  possible 
to  incorporate  plasmid  into  DNA-recipient  by  forming  protoplasts  or  sphaeroplasts  of  the  DNA-recipient 
which  easily  incorporate  plasmid  DNA,  as  is  known  in  case  of  to  Bacillus  subtilus,  actinomyces,  bacteria 
and  yeasts  (Chang,  S.  and  Choen,  S.  N.,  Molec.  Gen.  Genet.,  168,  111  (1979);  Bibb,  M.  J.,  Ward,  J.  M.  and 

15  Hopwood,  0  A.,  Nature,  274,  398  (1978);  Hinnen,  A.,  Hicks,  X~B.  and  Fink,  G.  R.,  Proc.  Natl.  Acad.  Sci. 
USA,  75,  1929  (1978)). 

Although  a  high  frequency  of  transformation  can  be  obtained  even  with  the  above-mentioned  method  of 
Bacillus  subtilis,  there  can  also  be  used  a  method  of  allowing  the  protoplast  of  microorganisms  of  the  genus 
Corynebacterium  or  Brevibacterium  as  stated  in  Japanese  Patent  Laid-Open  No.  183799/1982  to  incor- 

20  porate  DNA  in  the  presence  of  polyethylene  glycol  or  polyvinyl  alcohol  and  of  bivalent  metallic  ions,  in 
order  to  obtain  the  high  frequency.  With  a  method  for  accelerating  the  incorporation  of  DNA  by  addition  of 
carboxymethyl  cellulose,  dextran,  "Ficoll"  or  "Pluronic"  F68  (Selva  Co.)  instead  of  polyethylene  glycol  or 
polyvinyl  alcohol,  the  same  results  can  be  obtained. 

Selection  of  transformants  obtained  by  ligating  tryptophan  biosynthesis  genes  with  a  vector  plasmid  and 
25  then  incorporating  the  recombinant  DNA  into  DNA-recipients  can  be  easily  achieved  by  selecting  strains 

having  lost  nutritional  requirement  for  tryptophan  when  strains  requiring  tryptophan  are  used  as  the 
recipients  or  by  selecting  strains  having  become  resistant  to  tryptophan  antagonists  when  tryptophan 
biosynthesis  genes  having  resistance  to  tryptophan  antagonists  are  incorporated  into  the  recipients  sensitive 
to  tryptophan  antagonists.  Further,  the  selection  of  transformants  can  be  also  carried  out  using  an  increase 

30  in  the  productivity  of  tryptophan  as  a  marker.  If  hereditary  markers  such  as  tolerance  of  drugs  are  present  in 
vectors,  the  tolerance  may  be  used  for  the  easier  selection  of  transformed  strains  together  with  the  selection 
methods  mentioned  above. 

The  method  for  culturing  the  thus  obtained  L-tryptophan-producing  bacteria  does  not  specially  differ 
from  that  for  culturing  conventional  L-tryptophan-producing  bacteria.  Culture  media  used  in  the  method  are 

35  usual  ones  containing  carbon  sources,  nitrogen  sources,  inorganic  ions  and,  in  addition,  organic  micro- 
nutrients  such  as  amino  acids  and  vitamins,  if  necessary.  As  carbon  sources,  there  are  used  glucose, 
sucrose,  lactose  and  the  like  and,  in  addition,  those-containing  starch  hydrolyzed  liquids,  whey  and 
molasses.  As  nitrogen  source,  ammonia  gas,  ammonia  water,  ammonium  salts  and  others  can  be  used. 

The  culture  is  carried  out  controlling  the  temperature  and  pH  of  culture  medium  under  aerobic 
40  conditions  until  the  production  and  accumulation  of  L-tryptophan  stop. 

Thus,  a  large  amount  of  L-tryptophan  is  formed  and  accumulated  in  the  culture  liquid  and  a 
conventional  method  can  be  applied  for  recovering  L-tryptophan  from  the  culture  liquid. 

EXAMPLE 
45 

(1)  Preparation  of  chromosomal  DNA  containing  anthranilic  acid  phosphoribosyl  transferase  gene 

Brevibacterium  lactofermentum  ATCC  13869  was  inoculated  into  CMG  culture  medium  (containing  1 
g/dl  of  peptone,  1  g/dl  of  yeast  extract,  0.5  g/dl  of  glucose  and  0.5  g/dl  of  NaCI  and  having  an  adjusted  pH 

50  value  of  7.2)  and  was  cultured  at  30  °  C  for  about  3  hours  with  shaking  to  collect  the  bacterial  cells  at  the 
logarithmic  phase  of  bacterial  growth.  After  lysis  of  the  bacterial  cells  with  lysozyme.SDS,  the  chromosomal 
DNA  was  extracted  and  purified  by  a  conventional  phenol-treatment  method,  and  finally  3.5  mg  of  the  DNA 
was  obtained. 

55  (2)  Preparation  of  vector  DNA 

As  a  vector,  pAJ  1844  (M.W.  5.4  mega  dalton)  was  used  and  the  DNA  of  pAJ  1844  was  prepared  by 
the  following  method. 
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First,  Brevibacterium  lactofermentum  AJ  12037  containing  pAJ  1844  as  plasmid'was  inoculated  into  100 
ml  of  CMG  culture  medium  and  then  cultured  at  30  °C  until  the  end  part  of  the  logarithmic  phase  of 
bacterial  growth.  After  lysis  of  the  bacterial  cells  by  a  lysozyme.SDS  treatment,  a  supernatant  clear  liquid 
was  obtained  by  centrifugation  of  30,000xg  for  30  minutes.  After  phenol-treatment  of  the  liquid,  DNA  was 

5  precipitated  and  recovered  by  addition  of  two  volumes  of  ethanol.  The  obtained  DNA  was  dissolved  in  a 
small  amount  of  TEN  buffer  (containing  20  mM  of  Tris  HCI  salt,  20  mM  of  NaCI  and  1  mM  of  EDTA  and 
having  a  pH  value  of  8.0)  and  then  the  DNA  was  separated  by  electrophoresis  in  an  agarose  gel.  After  that, 
the  DNA  was  separated  from  the  gel  and  thus  about  15  ug  of  pAJ  1844  plasmid  DNA  was  obtained. 

io  (3)  Insertion  of  chromosomal  DNA  fragment  into  vector 

Twenty  micrograms  of  chromosomal  DNA  obtained  in  (1)  and  10  micrograms  of  plasmid  DNA  obtained 
in  (2)  were  each  treated  at  37  °C  for  1  hour  with  restriction  endonuclease  to  cut  them  completely.  After  a 
heat-treatment  at  65  °C  for  10  minutes,  the  both  reaction  liquids  were  mixed  with  each  other  and  in  the 

is  mixed  liquid  the  ligation  reaction  of  DNA  chains  was  carried  out  at  10°  C  for  24  hours  with  DNA  ligase 
derived  from  T+  phage  in  the  presence  of  ATP  and  dithiothreitol.  After  a  heat  treatment  at  65  °C  for  5 
minutes,  two  volumes  of  ethanol  were  added  to  the  reaction  liquid  to  precipitate  and  recover  DNA  after 
completion  of  the  ligation  reaction. 

20  (4)  Cloning  of  anthranilic  acid  phosphoribosyl  transferase  (PRT)  gene 

Brevibacterium  lactofermentum  T-13  (NRRL  B-15347)  deficient  in  PRT  genes  was  used  as  the  DNA- 
recipient.  A  protoplast  transformation  was  used  as  the  transformation  method.  First,  the  strains  were 
cultured  in  5  ml  of  CMG  culture  medium  until  the  initial  part  of  logarithmic  phase  of  bacterial  growth,  and 

25  then,  after  addition  of  0.6  unit/ml  of  penicillin,  the  strains  were  further  cultured  for  1.5  hours  with  shaking. 
The  bacterial  cells  were  collected  by  centrifugation  and  then  washed  with  0.5  ml  of  SMMP  culture  medium 
(pH  6.5)  comprising  0.5  M  of  sucrose,  20  mM  of  maleic  acid,  20  mM  of  magnesium  chloride  and  3.5%  of 
"Pennassay"  broth  (Difco).  Subsequently,  the  strains  were  suspended  in  SMMP  culture  medium  containing 
10  mg/ml  of  lysozyme  at  30  °C  for  20  hours  to  make  them  protoplast.  After  separation  of  the  protoplast  by 

30  centrifugation  of  6000xg  for  10  minutes,  the  protoplast  was  washed  with  SMMP  and  then  it  was  again 
suspended  in  0.5  ml  of  SMMP.  The  thus  obtained  protoplast  and  10  microgram  of  DNA  prepared  in  (3) 
were  mixed  with  each  other  in  the  presence  of  5  mM  of  EDTA,  and  then  polyethylene  glycol  was  added  to 
the  mixture  in  an  amount  of  the  final  concentration  of  30%.  After  that,  the  mixed  liquid  was  let  stand  for  2 
minutes  at  a  room  temperature  to  allow  the  DNA  to  be  incorporated  into  the  protoplast.  After  washing  of  the 

35  protoplast  with  1  ml  of  SMMP  culture  medium,  it  was  resuspended  in  1  ml  of  SMMP  culture  medium  and 
then  it  was  cultured  at  30  °C  for  2  hours.  The  culture  fluid  was  applied  on  a  protoplast  regeneration  culture 
medium  having  a  pH  of  7.0.  The  protoplast  regeneration  culture  medium  contained  12g  of  tris- 
(hydroxymethyl)  aminomethane,  0.5g  of  KCI,  10g  of  glucose,  8.1g  of  MgCI2*6H20,  2.2g  of  CaCI22H20,  4g 
of  peptone,  4g  of  powder  yeast  extract,  1g  of  "Casamino  acid"  (Difco  Co.),  0.2g  of  K2HP04,  153g  of  sodium 

40  succinate  and  8g  of  agar  per  1  I  of  distilled  water  and  3  microgram/ml  of  chloramphenicol. 
After  cultivation  of  the  protoplast  on  the  regeneration  culture  medium  at  30  °  C  for  two  weeks,  about 

10,000  colonies  resistant  to  chloramphenicol  appeared,  and  the  colonies  were  inoculated  onto  a  culture 
medium  free  from  tryptophan  (that  is,  -Trp  culture  medium  containing  2%  of  glucose,  1%  of  ammonium 
sulfate,  0.25%  of  urea,  0.1%  of  potassium  dihydrogenphosphate,  0.04%  of  MgS04*7H20,  2  ppm  of  iron 

45  ions,  2  ppm  of  manganese  ions,  200  microgram/!  of  thiamin  HCI  salt,  50  microgram/!  of  biotin,  0.5%  of 
"Casamino  acid"  and  1.8%  of  agar  and  having  of  pH  value  of  7.0)  by  a  replica  plating  method.  Thus,  22 
strains,  which  are  resistant  to  chloramphenicol  and  do  not  require  for  tryptophan,  were  obtained. 

(5)  Analysis  of  plasmid  possessed  by  the  transformed  strains 
50 

By  the  same  method  as  in  (2),  the  lysate  solution  of  the  cells  of  the  transformants  was  prepared,  and 
then  the  plasmid  DNA  was  separated  from  the  solution  by  electrophoresis  on  an  agarose  gel.  As  a  result  of 
detection  of  plasmid  DNA,  plasmid  larger  than  the  vector  pAJ  1844,  was  detected  in  three  strains. 

The  representative  strain  of  these  strains  was  termed  AJ  12029  (FERM-BP-275).  When  plasmid 
55  possessed  by  the  strain  AJ  12029  was  cut  with  restriction  enzyme  Pstl  which  had  been  used  for  the 

*  (obtained  by  incorporating  the  plasmid  pAJ  1844  into  ATCC  13869  by  the  transforma- 
tion  method  as  described  in  (4)) 
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recombination  of  the  gene,  DNA  fragments  which  were  considered  to  contain  PRT  genes  and  had  a 
molecular  weight  of  about  1.3  mega  dalton  were  detected. 

(6)  Re-transformation 
5 

For  confirmation  of  the  presence  of  PRT  genes  on  the  recombined  plasmid  containing  1  .3  mega  dalton 
DNA  fragments  detected  in  (5),  Brevibacterium  lactofermentum  T-13  (NRRL  B-15347)  was  again  trans- 
formed  with  the  plasmid  DNA. 

Of  resulting  colonies  resistant  to  chloramphenicol,  ten  colonies  were  picked  up  and  they  were  tested  for 
io  tryptophan  requirement.  As  the  result,  there  were  no  colonies  having  the  requirement,  so  that  the  presence 

of  PRT  genes  or  the  above-mentioned  recombined  plasmid  was  verified. 

(7)  PRT  activity  of  the  transformed  strain 

is  The  strains  to  be  tested  were  cultured  in  50  ml  of  CMG  culture  medium  and  a  lysate  was  prepared  from 
the  cells  by  an  ultrasonic  treatment.  The  liquid  was  separated  by  centrifugation  of  32,000xg  for  30  minutes 
and  a  supernatant  clear  liquid  was  obtained.  The  PRT  activity  was  measured  using  the  supernatant  clear 
liquid  as  a  crude  enzyme  preparation  and  using  an  enzyme  reaction  preparation  comprising  10  mM  of  Tris- 
HCI  (pH  7.8),  5  u.M  of  anthranilic  acid,  0.25  mM  of  PRPP,  2  mM  of  magnesium  chloride  and  20%  of 

20  glycerol.  The  reaction  was  carried  out  at  22  °C  and  the  PRT  activity  was  determined  by  measuring  the 
decrease  of  anthranilic  acid  with  a  fluorophotometer  (excitation  320  nm,  measurement  395  nm).  The  results 
are  shown  in  Table  4. 

Table  4 
25 

Anthranilic  acid  phosphoribosyl  transferase  activity 

Anthranilic  acid  nmol/mg  protein/min 

T-13  0.02 
ATCC  13869  0.25 
AJ  12029  4.25 

As  shown  in  Table  4,  the  PRT  activity  was  hardly  observed  with  T-13  strains  and  it  was  clear  that  T-13 
35  strains  did  not  contain  the  above-mentioned  enzyme.  AJ  12029  that  were  the  transformant  obtained  by 

incorporating  recombined  plasmid  containing  PET  genes  into  T-13  strains  were  observed  to  have  about  17 
times  the  PRT  activity  of  the  wild  strain. 

(8)  Tryptophan  productivity  of  the  transformed  strain 
40 

Recombined  plasmid  containing  PRT  genes  was  extracted  from  the  above-mentioned  AJ  12029  by  the 
method  of  (2)  and  it  was  incorporated  into  Brevibacterium  lactofermentum  No.  9232  by  the  transformation 
method  mentioned  in  (4).  The  resulting  transformed  strains  were  selected  using  resistance  to  chloram- 
phenicol  as  a  marker. 

45  The  thus  obtained  strains  AJ  12020  (FERM-BP-276)  and  No.  9232  strains  were  cultured  to  test  their 
tryptophan  productivity.  The  results  obtained  are  shown  in  Table  5. 

A  culture  medium  containing  100  g  of  glucose,  40  g  of  (NH^SO^,  1  g  of  KH2PO4,  0.4  g  of 
MgSO+*7H20,  10  mg  of  FeSO+*7H20,  10  mg  of  MnSO+*4H20,  1  g  of  "Casamino  acid",  300  microgram/! 
of  biotin,  200  microgram/!  of  thiamine.  HCI,  5  g  of  serine,  5  g  of  anthranilic  acid  and  50  g  of  CaC03  in  4  ! 

50  of  water  and  having  a  pH  value  of  7.0  was  used  for  the  culture.  Each  the  strains  was  inoculated  into  3  ml  of 
the  above-mentioned  culture  medium  placed  in  a  test  tube  and  then  cultured  at  30  °C  for  70  hours  with 
shaking.  L-tryptophan  in  the  supernatant  of  the  culture  liquid  obtained  by  centrifugation  after  the  culture  was 
determined  by  a  liquid  chromatography. 

55 
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Table  5 

Amount  of  tryptophan  produced 

L-tryptophan 

No.  9232  <5  mg/dl 
AJ  12020  76  mg/dl 

10  The  above-mentioned  No.  9232  is  a  revertant  of  a  mutant  derived  from  Brevibacterium  lactofermentum 
ATCC  13869  and  deficient  in  tryptophan  synthetase.  No.  9232  had  tryptophan-productivity  in  an  amount  of 
5  mg/dl  and  less  while  the  tryptophan  productivity  of  ATCC  13869  was  not  detected  in  the  above-mentioned 
production  culture  medium.  That  was  the  reason  No.  9232  was  used  for  this  experiment. 

In  order  to  obtain  No.  9232  strains,  it  is  possible  to  eliminate  the  composite  plasmid  from  the  host  cells 
is  without  injuring  the  host  cells.  The  plasmid  may  be  lost  spontaneously  from  the  host  cells  and  it  can  be  also 

eliminated  by  a  "curing"  operation  (Bact.  Rev.,  36,  361-405  (1972)). 
An  example  of  the  "curing"  operation  is  as  follows.  A  small  amount  of  the  strain,  that  is,  about  10+  cells 

per  ml  are  inoculated  into  a  culture  medium  containing  acridine  orange  in  a  concentration  (2-50  mg/ml)  for 
inhibiting  incompletely  the  growth  of  the  host,  and  then,  after  incomplete  inhibition  of  the  growth  of  host,  the 

20  strain  is  cultured  at  27-35  °C  for  one  night  (J.  Bacterid.,  88,  261  (1964)).  The  culture  fluid  is  applied  on  an 
agar  culture  medium  and  cultured  at  27-42  °C  for  one  night.  Most  of  colonies  appearing  on  the  culture 
medium  have  high  possibilities  of  having  no  plasmid. 

AJ  12037  is  obtained  by  incorporating  pAJ  1844  plasmid  into  ATCC  13869  by  such  a  transformation 
method  as  stated  in  (4). 

25  Plasmid  pAJ  1844  used  as  a  vector  in  the  present  invention  is  on  deposit  incorporated  into  Escherichia 
coli  AJ  11883  (that  is,  as  FERM-P651  9  =  FERM-BP1  37)  in  Fermentation  Research  Institute.  Plasmid  pAJ 
1844  can  be  isolated  and  purified  by  the  following  method.  AJ  11883  is,  first,  grown  until  the  end  part  of 
logarithmic  phase  of  bacterial  growth  and  then,  after  lysis  of  cells  with  lysozyme  and  SDS,  the  lysate  of 
cells  is  separated  by  centrifugation  of  30,000xg  to  obtain  a  supernatant  clear  liquid,  to  which 

30  polyethyleneglycol  is  added  to  precipitate  DNA.  Subsequently,  isolation  of  the  DNA  is  carried  out  by  an 
equilibrium  density  gradient  centrifugation  with  cesium  chloride-ethidium  bromide. 

Claims 

35  1.  Recombinant  plasmid,  comprising  the  anthranilic  acid  phosphoribosyl  transferase  gene  of  Brevibac- 
terium  lactofermentum  having  the  genetic  information  for  the  L-tryptophan  biosynthesis,  obtainable  from 
plasmids  carried  by  B.  lactofermentum  FERM-BP-275  or  FERM-BP-276  inserted  in  a  vector  plasmid 
capable  of  self-replicating  in  cells  of  Coryneform  glutamic  acid-producing  bacteria. 

40  2.  Recombinant  plasmid,  deposited  in  FERM-BP-275  or  276. 

3.  Microorganism  strain,  capable  of  producing  L-tryptophan,  obtainable  by  incorporating  the  recombinant 
plasmid  according  to  claim  1  or  2  into  a  recipient  belonging  to  Coryneform  glutamic  acid-producing 
bacteria  resistant  to  a  tryptophan  antagonist. 

45 
4.  Microorganism  strain  according  to  claim  3,  wherein  the  recombinant  plasmid  is  incorporated  into  a 

recipient  which  is  a  mutant  of  Coryneform  glutamic  acid-producing  bacteria  requiring  at  least  L- 
tryptophan  for  its  growth. 

50  5.  A  method  for  producing  L-tryptophan  by  culturing  a  microorganism  capable  of  producing  L-tryptophan 
in  a  culture  medium  and  recovering  the  L-tryptophan  accumulated  in  the  culture  medium,  characterized 
by  using  a  microorganism  according  to  any  of  the  claims  3  or  4. 

Revendications 
55 

1.  Plasmide  recombinant,  comprenant  le  gene  acide  anthranilique  phosphoribosyl  transferase  de  Brevi- 
bacterium  lactofermentum  ayant  I'information  genetique  pour  la  biosynthese  du  L-tryptophane,  pouvant 
etre  obtenu  des  plasmides  portes  par  B.  lactofermentum  FERM-BP-275  ou  FERM-BP-276  insere  dans 
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un  plasmide  vecteur  capable  d'auto-replication  dans  les  cellules  de  bacteries  Coryneformes  productri- 
ces  d'acide  glutamique. 

2.  Plasmide  recombinant,  depose  dans  FERM-BP-275  ou  276. 
5 

3.  Souche  de  micro-organisme,  capable  de  produire  du  L-tryptophane,  pouvant  etre  obtenue  en  incorpo- 
rant  le  plasmide  recombinant  selon  la  revendication  1  ou  2  dans  un  receveur  appartenant  aux  bacteries 
Coryneformes  productrices  d'acide  glutamique  resistant  a  un  antagoniste  du  tryptophane. 

io  4.  Souche  de  micro-organisme  selon  la  revendication  3,  dans  laquelle  le  plasmide  recombinant  est 
incorpore  dans  un  receveur  qui  est  un  mutant  de  bacteries  Coryneformes  produisant  de  I'acide 
glutamique  exigeant  au  moins  du  L-tryptophane  pour  sa  croissance. 

5.  Une  methode  pour  produire  du  L-tryptophane  en  cultivant  un  micro-organisme  capable  de  produire  du 
is  L-tryptophane  dans  un  milieu  de  culture  et  en  recuperant  le  L-tryptophane  accumule  dans  le  milieu  de 

culture,  caracterisee  par  I'utilisation  d'un  micro-organisme  selon  I'une  quelconque  des  revendications  3 
ou  4. 

20 

50 

Patentanspruche 

1.  Rekombinantes  Plasmid,  enthaltend  das  Anthranilsaure-Phosphoribosyltransferase-Gen  von  Brevibacte- 
rium  lactofermentum,  das  die  genetische  Information  fur  die  Biosynthese  von  L-Tryptophan  hat  und  aus 
Plasmiden  erhaltlich  ist,  die  in  B.  lactofermentum  FERM-BP-275  oder  FERM-BP-276  vorhanden  sind, 
insertiert  in  ein  Vektorplasmid,  das  zur  Selbstreplikation  in  Zellen  von  coryneformen  Glutaminsaure 

25  produzierenden  Bakterien  befahigt  ist. 

2.  Rekombinantes  Plasmid,  hinterlegt  in  FERM-BP-275  oder  276. 

3.  Zur  Produktion  von  L-Tryptophan  befahigter  Mikroorganismenstamm,  erhaltlich  durch  Einfugen  des 
30  rekombinanten  Plasmids  nach  Anspruch  1  oder  2  in  einen  Rezipienten,  der  den  coryneformen 

Glutaminsaure  produzierenden  Bakterien,  die  gegen  einen  Tryptophan-Antagonisten  resistent  sind, 
angehort. 

4.  Mikroorganismenstamm  nach  Anspruch  3,  wobei  das  rekombinante  Plasmid  in  einen  Rezipienten 
35  eingefugt  ist,  der  eine  Mutante  von  coryneformen  Glutaminsaure  produzierenden  Bakterien  ist,  die 

mindestens  L-Tryptophan  fur  ihr  Wachstum  benotigt. 

5.  Verfahren  zur  Herstellung  von  L-Tryptophan  durch  Zuchten  eines  zur  Bildung  von  L-Tryptophan 
befahigten  Mikroorganismus  in  einem  Kulturmedium  und  Gewinnen  des  in  dem  Kulturmedium  angerei- 

40  cherten  L-Tryptophans,  dadurch  gekennzeichnet,  da/S  ein  Mikroorganismus  nach  einem  der  Anspruche 
3  oder  4  verwendet  wird. 
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Fig.  2 
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Fig.   4 
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Fig.   5 
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Fig.   7 
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