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Description 

The  present  invention  relates  to  a  process  for  producing  L-histidine  by  fermentation,  and  to  L-histidine 
producing  mutant  microorganisms  for  use  therein. 

5  L-histidine  is  an  important  amino  acid  which  is  commercially  useful  as  a  food  additive  and  as  a 
medicament. 

It  is  known  that  histidine  analog-resistant  strains  belonging  to  the  genus  Corynebacterium  have  an 
ability  to  produce  a  significant  amount  of  L-histidine  (US  Patent  No.  3,713,977).  Attempts  to  increase  the 
productivity  of  these  L-histidine  producing  microorganisms  by  imparting  additional  properties  to  them 

10  have  also  been  made.  For  example,  a  process  using  strains  endowed  with  a  resistance  to  a  purine  analog  or 
a  pyrimidine  analog  is  proposed  in  Japanese  Published  Unexamined  Patent  Application  No.  18798/1977. 

A  further  process  using  strains  endowed  with  a  resistance  to  sulfa  drugs  is  disclosed  in  Japanese 
Published  Unexamined  Patent  Application  No.  49490/1975.  Yet  another  process  using  strains  endowed 
with  a  resistance  to  5  -  methyltryptophane,  a  -  amino  -  B  -  hydroxyvaleric  acid,  imidazole  or 

15  aminotriazole  is  proposed  in  Japanese  Published  Unexamined  Patent  Application  No.  49491/1975. 
Although  the  processes  examplified  above  result  in  improved  yields  of  L-histidine,  the  production 

yields  of  such  processes,  nevertheless,  are  comparatively  low  from  a  commercial  application  standpoint. 
Thus,  a  need  exists  for  a  process  for  producing  L-histidine  in  higher  yields  at  low  cost.  \  

To  this  end,  it  has  now  been  found  that  the  productivity  of  L-histidine  producing  microorganisms  of  the 
20  species  Corynebacterium  glutamicum  can  be  greatly  improved  by  endowing  the  microorganism  with  a 

resistance  to  a  precursor  for  ubiquinone  biosynthesis,  specifically  p  -  hydroxycinnamate  (p  -  coumarate). 
Alternatively,  a  microorganism  of  the  species  Corynebacterium  glutamicum  already  possessing  that 
resistance  can  be  endowed  with  the  ability  to  produce  L-histidine. 

In  accordance  with  the  invention  therefore,  there  is  provided  a  process  for  the  production  of  L-histidine 
25  which  comprises  culturing  an  L-histidine  producing  mutant  microorganism  belonging  to  the  species 

Corynebacterium  glutamicum  in  a  nutrient  medium  until  L-histidine  is  accumulated  in  the  culture  liquor 
and  thereafter  recovering  said  L-histidine,  wherein  there  is  used  a  mutant  strain  of  Corynebacterium 
glutamicum  which  has  or  is  endowed  with  a  resistance  to  p  -  hydroxycinnamate  (p  -  coumarate). 

Also  provided  in  accordance  with  the  invention  are  novel  strains  of  Corynebacterium  glutamicum 
30  having  the  ability  to  produce  L-histidine  and  which  have  or  are  endowed  with  a  resistance  to  p  - 

hydroxycinnamate,  and  specifically  microorganism  strains  deposited  under  the  deposit  numbers  FERM 
BP-485  and  FERM  BP-486.  Such  microorganisms  may  be  obtained  from  microorganisms  inherently  having 
an  ability  to  produce  L-histidine  (for  example,  histidine  analog-resistant  strains  and  sulfa  drug-resistant 
strains),  or  improved  mutants  thereof  as  a  parent  strain,  and  imparting  thereto  by  mutation  the  specified 

35  resistance. 
Alternatively,  suitable  mutants  may  be  prepared  by  a  reverse  process,  i.e.  by  imparting  the 

above-mentioned  ability  to  produce  L-histidine  to  a  mutant  inherently  resistant  to  p  -  hydroxycinnamate. 
The  mutant  microorganisms  useful  in  carrying  out  the  present  invention  can  be  obtained  by  mutation 

using  conventional  mutagens  such  as  ultraviolet  ray  irradiation.  X-ray  irradiation,  radioactive  ray 
40  irradiation  and  a  treatment  with  chemical  mutagens.  The  preferred  mutagen  is  N  -  nitro  -  N'  -  methyl  - 

N  -  nitrosoguanidine  (hereinafter  referred  to  as  NTG). 
In  addition  to  the  properties  already  mentioned  they  may  have  other  specific  properties  such  as 

various  nutrient  requirements,  drug  resistance,  drug  sensitivity  and  drug  dependence  without  departing 
from  the  scope  of  the  present  invention. 

6  Strains  mutated  as  mentioned  above  are  screened  by  culturing  in  a  nutrient  medium  and  a  strain 
having  the  ability  to  produce  L-histidine  in  greater  yields  than  its  parent  strain  is  selected  and  used  in  this 
invention.  A  specific  example  of  the  procedure  for  obtaining  a  suitable  strain  is  given  in  the  following 
description  with  reference  to  mutants  of  the  species  Corynebacterium  glutamicum. 

50  Procedure 
Corynebacterium  glutamicum  ATCC  21607  is  mutated  in  a  conventional  manner  using  NTG  and  strains 

resistant  to  p  -  hydroxycinnamate  are  selected  using  conventional  technique.  The  cells  of  the  strains  are 
suspended  in  M/20  phosphate  buffer  solution  (pH  7.0).  To  the  suspension  is  added  200  ug/ml  NTG  and  the 
mixture  is  maintained  at  30°C  for  30  minutes.  The  treated  mutants  are  collected  and  washed  with  the  same 

55  buffer  solution.  Then,  the  mutants  are  spread  on  a  medium  (pH  6.8)  comprising  3%  glucose,  0.2%  urea,  10 
ppm  each  of  Fe,  Mn  and  Cu  ions,  1  mg/l  thiamine  hydrochloride,  50  ug/l  biotin,  2%  agar  and  2  mg/ml  p  - 
hydroxycinnamate.  Culturing  is  carried  out  at  30°C  for  2  to  10  days. 

Among  these  mutants,  those  having  a  significantly  improved  ability  of  producing  L-histidine  are 
separated.  A  representative  strain  from  among  the  thus  obtained  mutants  has  been  given  the  identifying 

60  code  CPCA-1349. 
In  a  similar  manner,  Corynebacterium  glutamicum  CPCA-3046,  a  p  -  hydroxycinnamate  -  resistant 

mutant  was  prepared  from  Corynebacterium  glutamicum  NRRL  B-15045  having  an  L-histidine 
producibility. 

The  aforesaid  Corynebacterium  glutamicum  CPCA-1349  and  Cornebacterium  glutamicum  CPCA-3946 
65  mutants  were  deposited  on  February  19th,  1983  with  the  Fermentation  Research  Institute,  the  Agency  of 

2 
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Industrial  Science  and  Technology,  Japan  as  rcnm  r-D3.o  cm  r-  —  r----  -  ■•■  --- 
converted  to  the  deposits  under  the  Budapest  Treaty  and  the  corresponding  international  deposit  numbers 

are  FERM  BP-485  and  FERM  BP-486  respectively.  They  are  available  therefrom  under  the  terms  of  the 

BUd  As?£eTmedium  used  for  the  culturing  step  of  the  invention,  either  a  natural  medium  or  synthetic 
medium  may  be  employed  as  long  as  it  contains  assimilable  carbon  sources,  nitrogen  sources  and 

inorganic  materials  as  well  as  small  quantities  of  other  nutrients  which  may  be  required  by  the  specific 

mutant  used.  Typical  additional  nutrients  are  those  employed  in  the  following  examples. 
As  a  suitable  carbon  source,  carbohydrates  such  as  sucrose,  fructose,  glucose,  maltose,  mannose, 

»  starch,  starch  hydrolyzate,  molasses,  etc.;  sugar  alcohols  such  as  glycerine,  sorbitol,  etc.;  organic  acids 

such  as  formic  acid,  acetic  acid,  lactic  acid,  fumaric  acid,  malic  acid,  etc.;  lower  alcohols  such  as  ethanoL 

methanol,  etc.,  and  the  like  may  be  employed.  These  carbon  sources  may  be  employed  either  alone  or  as  a 

mixture  at  various  weight  ratios.  The  total  amount  may  be  initially  supplied  in  the  medium  or  may  be 

supplied  by  incremental  addition. 
>  As  the  nitrogen  source,  ammonia,  inorganic  and  organic  ammonium  salts  such  as  ammonium 

chloride  ammonium  sulfate,  ammonium  carbonate,  ammonium  acetate,  ammonium  nitrate,  ammonium 

phosphate,  etc.;  urea;  natural  nitrogen  containing  substances  such  as  peptone,  meat  extract,  corn  steep 

liquor,  casein  hydrolyzate,  soybean  meal  hydrolyzate,  etc.  and  the  like  may  be  employed. 
As  the  inorganic  materials,  potassium  dihydrogen  phosphate,  dipotassium  hydrogen  phosphate, 

J  magnesium  sulfate,  calcium  carbonate,  etc.  are  employed.  w M   anri  th»  nirp  i t k  
When  the  strain  used  requires  nutrients  such  as  ammo  acids,  nucleic  acids,  vitamins,  and  the  like,  it  is, 

of  course,  also  necessary  to  add  appropriate  amounts  of  these  substances  to  the  medium.  In  some  cases, 
such  nutrients  may  be  supplied  by  another  medium  component  and  thus  specific  supplementation  is  not 

5  reqUCulturing  is  generally  carried  out  at  20-40°C,  under  aerobic  conditions,  for  example,  by  shaking 
culture  or  aeration  agitation  culture  until  recoverable  quantities  of  L-histidine  is  produced  in  the  cu  ture 

liquor,  usually  within  1—8  days.  After  the  completion  of  culturing,  L-histidine  is  recovered  from  the  culture 
liquor'  by  a  conventional  method  such  as  ion  exchange  resin  treatment  or  the  like. 

Practice  of  certain  specific  embodiments  of  the  invention  is  illustrated  by  the  following  representative 

o  examples. 

^ T t h i J e x a m p l e ,   Corynebacterium  glutamicum  CPCA  1349,  CPCA  3946,  ATCC  21607  and  NRRL  B-1  5045 

were  employed  as  seed  strains.  The  seed  strains  were  cultured  with  shaking  a  medium  having  a 

s  composition  of  4  g/dl  glucose,  2  g/dl  polypeptone,  0.5  g/dl  yeast  extract,  0.1  5  g/dl  KH2P04,  0  05  g/dl  K2HP04, 
0  05  q/dl  MgS04  •  7H20,  50  ug/l  biotin  and  0.3  g/dl  urea  (pH  7.2)  at  30°C  for  24  hours.  Then  1  ml  of  the 

resulting  seed  culture  was  transferred  to  a  300  ml-Erlenmeyer  flask  containing  20  ml  of  a  fermentation 
medium  comprising  10  g/dl  glucose,  0.5  g/dl  meat  extract,  4  g/dl  (NH4)2S04,  0  15  g/dl  KH2P04,  0.05  g/d 

K2HP04,  0.05  g/dl  MgS04  •  7H20,  1  mg/l  thiamine  hydrochloride,  10  mg/l  FeS04  •  7H20  10  m9^ 
[0  MnS04  •  4-6H20,  1  mg/l  CuS04  •  5H20,  0.3  g/dl  urea,  100  ug/l  biotin  and  3  g/dl  CaC03  (pH  7.4)  and  cultured 

with  shaking  at  30°C  for  4  days.  The  amount  of  L-histidine  produced  and  the  yield  based  on  sugar  are 
shown  in  Table  1. 

TABLE  1 

JO 

L-histidine  rieia  oaseu  um 
Strain  (g/D  sugar  (%) 

ATCC-21607  5.1  5.1 

CPCA-1349  (FERM  BP-485)  11.2  11.2 

NRRL  B-15045  16.8  16.8 

CPCA-3946  (FERM  MP-486)  20.4  20.4 

cX3mDiG  2 
The  same  procedures  as  described  in  Example  1  were  repeated  except  that  10  g/dl  molasses 

so  (calculated  as  glucose)  was  used  in  place  of  glucose  of  the  fermentation  medium.  The  results  are  shown  in 
Table  2. 

65 
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TABLE  2 

5 

10 

L-histidine  Yield  based  on 
Strain  (g/l)  sugar  (%) 

ATCC-21607  4.8  4.8 

CPCA-1349  (FERM  BP-485)  10.7  10.7 

NRRL  B-15045  16.3  16.3 

CPCA-3946  (FERM  MP-486)  19.8  19.8 

15  Claims 

1.  A  process  for  producing  L-histidine  by  fermentation  which  comprises  culturing  an  L-histidine 
producing  mutant  microorganism  belonging  to  the  genus  Cornebacterium  in  a  nutrient  medium  until 
L-histidine  is  accumulated  in  the  culture  liquor  and  thereafter  recovering  the  accumulated  histidine 

20  characterised  in  that  there  is  used  a  mutant  strain  of  Corynebacterium  glutamicum  endowed  with  or  having 
a  resistance  to  p  -  hydroxycinnamate  (p  -  courmarate). 

2.  A  process  according  to  claim  1,  characterised  in  that  the  culturing  step  is  carried  out  at  20  to  40°Cfor 
1  to  8  days. 

3.  A  process  according  to  claim  1  or  2,  characterised  in  that  the  mutant  strain  used  is  Corynebacterium 
25  glutamicum  FERM  BP-485  or  FERM  BP-486. 

4.  Biologically  pure  cultures  of  strains  of  Corynebacterium  glutamicum  as  deposited  under  the  deposit 
numbers  FERM  BP-485  and  FERM  BP-486. 

Patentanspriiche 
30 

1.  Verfahren  zur  fermentativen  Herstellung  von  L-Histidin,  bei  dem  man  einen  mutierten  L-Histidin- 
bildenden  Mikroorganismus  der  Gattung  Corynebacterium  in  einem  Nahrmedium  ziichtet,  bis  L-Histidin  in 
der  Kulturflussigkeit  angesammelt  wird,  und  man  sodann  das  angesammelte  Histidin  gewinnt,  dadurch 
gekennzeichnet,  daft  ein  Mutantenstamm  von  Corynebacterium  glutamicum  verwendet  wird,  der  mit  einer 

35  Resistenz  gegen  p  -  Hydroxycinnamat  (p  -  Cumarat)  ausgestattet  ist  oder  eine  solche  besitzt. 
2.  Verfahren  nach  Anspruch  1,  dadurch  gekennzeichnet,  dalS  der  Zuchtungsschritt  1  bis  8  Tage  bei  20 

bis  40°C  durchgefuhrt  wird. 
3.  Verfahren  nach  Anspruch  1  oder  2,  dadurch  gekennzeichnet,  dalS  der  verwendete  Mutantenstamm 

Corynebacterium  glutamicum  Ferm  BP-485  oder  Ferm  BP-486  ist. 
40  4.  Biologisch  reine  Kulturen  der  Stamme  von  Corynebacterium  glutamicum,  die  unter  den  Hinter- 

legungsnummern  Ferm  BP-485  und  Ferm  BP-486  hinterlegt  sind. 

Revendications 

45  1  .  Procede  de  production  de  L-histidine  par  fermentation,  qui  comporte  la  culture  d'un  microorganisme 
mutant,  produisant  de  la  L-histidine  et  appartenant  au  genre  Corynebacterium,  dans  un  milieu  nutritif 
jusqu'a  ce  que  la  L-histidine  s'accumule  dans  la  liqueur  de  culture,  et  la  recuperation  ulterieure  de 
I'histidine  accumulee,  caracterise  en  ce  qu'on  utilise  une  souche  mutante  de  Corynebacterium  glutamicum, 
douee  d'une  resistance  au  p  -  hydroxycinnamate  (p-coumarate)  ou  possedant  cette  resistance. 

50  2.  Procede  conforme  a  la  revendication  1,  caracterise  en  ce  que  I'etape  de  culture  est  effectuee  a 
20—  40°C  pendant  1  a  8  jours. 

3.  Procede  conforme  a  la  revendication  1  ou  2,  caracterise  en  ce  que  la  souche  mutante  utilisee  est 
Corynebacterium  glutamicum  FERM  BP-485  ou  FERM  BP-486. 

4.  Cultures  bioiogiquement  pures  de  souches  de  Corynebacterium  glutamicum,  telles  que  deposees 
&  sous  les  numeros  de  depot  FERM  BP-485  et  FERM  BP-486. 
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