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Description 

The  present  invention  relates  to  L-aspartyl-L-phenylalanine  (hereafter  simply  referred  to  as  "AP") 
which  is  a  precursor  of  L-aspartyl-L-phenylalanine  methyl  ester  (hereinafter  simply  referred  to  as 

5  "APM").  APM  is  a  dipeptide  sweetener  that  has  attracted  attention  in  recent  years. 
Known  methods  for  the  synthesis  of  a  dipeptide  utilizing  a  microorganism  or  an  enzyme  involve  a  pro- 

cess  which  comprises  the  introduction  of  appropriate  protective  groups  to  functional  groups  which  are 
not  involved  in  the  condensation  reaction  of  the  two  amino  acids  to  restrict  the  location  of  the  condensa- 
tion  reaction.  A  microorganism  or  an  enzyme  which  is  capable  of  synthesizing  a  peptide  bond  between 

10  these  amino  acid  derivatives  is  then  used  to  obtain  the  condensation  products  followed  by  removal  of 
the  superfluous  protective  groups  from  the  condensation  products  to  give  the  product  dipeptide.  Using 
this  process,  a  satisfactory  yield  is  obtained  but  the  introduction  and  removal  of  the  protecting  groups  is 
required.  Thus,  expensive  protecting  groups  are  needed  and  unnecessary  complicated  reaction  steps 
are  required. 

15  For  the  biochemical  syntheses  of  APM,  there  are  known,  for  example,  processes  which  comprise  us- 
ing  a  benzyloxy  group  (-Z)  as  a  protective  group  for  the  amino  group  of  aspartic  acid  and  condensing  N- 
benzyloxy-L-aspartic  acid  and  phenylalanine  methyl  ester  by  the  action  of  an  endo-type  protease.  These 
processes  involved  the  drawbacks  described  above. 

Alternatively,  processes  for  biochemical  synthesis  that  require  no  protective  groups  in  the  synthesis 
20  of  APM  are  also  known  (see  Published  Unexamined  Japanese  Patent  Application  126796/83).  Processes 

of  this  type  do  not  require  protective  groups  but  the  yield  is  poor  and  there  is  a  problem  in  the  synthesis 
of  APM. 

On  the  other  hand,  in  the  chemical  synthesis  of  AP,  it  is  necessary  to  use  L-aspartic  acid  and  L-phe- 
nylalanine,  in  order  to  produce  sweet  APM.  This  is  because,  of  the  four  optical  isomers  of  aspartyl-phe- 

25  nyl  alanine,  only  the  L-aspartyl-L-phenylalanine  methyl  ester  (APM),  composed  only  of  L-amino  acids  is 
sweet. 

A  good  method  for  the  separation  of  these  four  optical  isomers  was  unknown  to  date  so  that  DL-amino 
acids  which  were  less  expensive  than  L-amino  acids  could  not  be  used  as  raw  materials. 

In  addition,  in  order  for  the  reaction  to  proceed,  it  is  necessary  to  shift  the  reaction  equilibrium  toward 
30  the  disadvantageous  condensation  side  for  the  synthesis  of  AP.  In  the  enzymatic  condensation  of  L-as- 

partic  acid  and  L-phenylalanine,  it  is  necessary  to  remove  AP  from  the  reaction  system  to  shift  the  equi- 
librium  reaction  toward  the  synthesis  of  AP.  For  this  reason,  processes  utilizing  these  condensation  re- 
actions  remove  AP  either  by  adsorbing  the  AP  produced  onto  ion  exchange  resins,  or  by  incorporating  a 
precipitating  agent  in  such  a  manner  that  AP  becomes  selectively  insoluble. 

35  These  prior  art  processes  have  several  serious  defects,  namely  poor  yields  in  conventional  biochemi- 
cal  syntheses  requiring  no  protecting  groups  and  the  use  of  expensive  protecting  group  reagents  and 
unnecessary  reaction  steps  in  processes  involving  protection  of  functional  groups. 

Accordingly,  one  object  of  the  present  invention  is  to  provide  a  process  for  producing  AP  which  does 
not  require  the  use  of  expensive  protecting  group  reagents  or  reaction  steps  involved  in  the  protection 

40  of  functional  groups. 
A  further  object  of  the  invention  is  to  provide  a  novel  process  for  synthesizing  AP  and  for  producing 

inexpensive  APM  with  good  efficiency  on  an  industrial  scale. 
According  to  the  present  invention  there  is  therefore  provided  a  process  for  producing  AP  which 

comprises  contacting  a  culture,  cell  or  a  cell-derived  product  of  a  microorganism  with  L-aspartyl-L-phe- 
45  nylalanine  diketopiperazine  in  an  aqueous  medium,  wherein  said  culture,  cell  or  cell-derived  product  of  a 

microorganism  effects  hydrolysis  of  the  L-aspartyl-L-phenylalanine  diketopiperazine  into  L-aspartyl-L- 
phenylalanine. 

According  to  the  invention  there  is  also  provided  a  process  for  producing  L-aspartyl-L-phenylalanine 
diketopiperazine,  which  comprises  contacting  a  culture,  cell  or  a  cell-derived  product  of  a  microorgan- 

50  ism  with  L-aspartyl-L-phenylalanine  in  an  aqueous  medium,  wherein  said  culture,  cell  or  cellderived  prod- 
uct  of  a  microorganism  effects  intramolecular  condensation  of  L-aspartyl-L-phenylalanine  to  produce  L- 
aspartyl-L-phenylalanine  diketopiperazine. 

AP  can  be  converted  into  APM  by  simple  methyl  esterification.  The  present  invention  is  directed  to  a 
process  for  producing  AP  and  more  particularly,  to  a  process  for  producing  AP  from  L-aspartyl-L-phe- 

55  nylalanine  diketopiperazine  (hereafter  simply  referred  to  as  "DKP"). 
The  above-described  reaction  is  an  equilibrium  reaction  and,  it  is  also  possible,  therefore,  to  synthe- 

size  DKP  from  AP  by  the  reverse  reaction.  DKP  is  also  an  important  substance  as  an  APM  precursor. 
After  chemical  synthesis  of  AP,  it  can  be  converted  into  DKP.  In  this  way  optically  active  AP  can  be 
separated  from,  for  example,  D-amino  acid-contaminated  aspartyl-phenylalanine  in  the  reaction  mixture 

60  and  the  optically  active  AP  thus  easily  obtained. 
It  is  also  possible  to  increase  the  yield  by  using  a  microorganism  capable  of  performing  intramolecular 

condensation  of  AP  to  convert  it  into  DKP.  Since  the  process  uses  an  equilibrium  reaction  system  that  is 
extremely  disadvantageous  for  the  synthesis  of  AP,  e.g.,  direct  binding  of  aspartic  acid  and  phenyla- 
lanine  using  an  enzyme,  the  AP  produced  in  trace  amounts  is  converted  into  DKP  and  the  equilibrium  is 

65  shifted  toward  the  synthesis  side. 
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It  has  been  found  that  the  hydrolysis  of  DKP  occurs  at  a  specific  position  ana  tnai  me  reverse  reac- 
tion  can  be  used  to  produce  AP  as  shown  in  the  reaction  below. 

O v ^ N \   ^ \   ^ \   v.  L - A s p - L - P h e  

L - A s p a r t y l - L - p h e n y l -   L - A s p a r y l - L - p h e n y l -  

a l a n i n e   d i k e t o p i p e r a z i n e   a l a n i n e   ( A P )  

(DKP) 

Nonlimiting  examples  of  microorganisms  which  can  be  used  in  the  present  invention  inciuae  tne  toiiow- 
ing: 
Streptomyces  fiavovirens  IFO  3197 
Streptomyces  parvulus  AJ  9037  FERM-P  8920  FERM  BP  11  68 

25  Achromobacter  lacticum  AJ  2394  FERM-P  7401 
Agrobacterium  tumefaciens  ATCC  4452 
Alcaligenes  faecalis  AJ  2565  FERM-P  8460 
Bacillus  circulans  ATCC  9966 
Enterobacter  agglomerans  ATCC  12287 

30  Ervinia  amylovora  FERM-P  7056 
Flavobacterium  rhenanum  AJ  2468  FERM-P  8459 
Micrococcus  varians  ATCC  399 
Serratia  marcescens  AJ  2763  FERM-P  8461 
Xanthomonas  citri  AJ  2797  FERM-P  8462 

35  To  allow  these  microorganisms  to  act  on  DKP  or  AP,  the  microorganisms  are  cultured  and  the  culture 
solution  or  cells  of  the  microorganisms  or  cell-derived  products  are  contacted  with  DKP  or  AP  in  aque- 
ous  media. 

Media  for  culturing  the  above-described  microorganisms  are  ordinary  media  containing  ordinary  car- 
bon  sources,  nitrogen  sources  and  inorganic  ions.  Additional  incorporation  of  organic  trace  nutrients 

40  such  as  vitamins,  amino  acids,  etc.,  often  give  preferred  results. 
As  the  carbon  sources,  carbohydrates  such  as  glucose,  sucrose,  etc.;  organic  acids  such  as  acetic 

acids,  alcohols  and  others  can  appropriately  be  employed.  As  the  nitrogen  sources,  ammonia  gas,  ammo- 
nia  water,  ammonium  salts  and  others  can  be  used.  As  the  inorganic  ions,  magnesium  ions,  phosphate 
ions,  potassium  ions,  iron  ions  and  others  can  appropriately  be  employed,  if  necessary. 

45  Culturing  is  carried  out  for  1  to  30  days  under  aerobic  conditions  while  controlling  pH  and  tempera- 
tures  to  appropriate  ranges  of  2  to  8  and  1  5  to  30°C,  respectively. 

To  allow  the  culture  solution,  cells  or  cell-derived  products  of  the  microorganisms  to  act  on  DKP  or  AP 
in  aqueous  media,  the  cells  or  cell-derived  products  may  be  dissolved  or  suspended  in  the  aqueous  me- 
dia  containing  DKP  or  AP  and  the  aqueous  media  may  be  stirred  for  a  short  period  of  time  or  allowed  to 

50  settle,  while  controlling  the  temperature  to  a  preferred  range  of  1  0  to  70°C. 
In  the  reaction  which  forms  AP  from  DKP,  the  amount  of  DKP  used  is  not  particularly  restricted  but  in 

the  case  of  a  batch  system,  the  amount  is  generally  approximately  0.01  to  2.0  M,  preferably  0.01  to  1  .0  M. 
In  the  reverse  reaction  of  producing  DKP  from  AP,  the  amount  of  AP  used  is  not  particularly  limited 

but  in  the  case  of  a  batch  system,  it  is  generally  approximately  0.00001  to  2.0  M,  preferably  0.01  to  1.0  M. 
55  DKP  or  AP  may  also  be  added  in  portions  as  the  reaction  proceeds. 

The  reaction  is  conducted  generally  in  the  aqueous  medium  at  temperatures  of  10  to  60°C,  preferably 
20  to  40°C. 

When  using  bacterial  cells,  the  culture  solution  containing  the  cells  may  also  be  used  as  it  is.  Alterna- 
tively,  the  cells  may  be  separated  from  the  culture  solution  and  used  after  washing  or  even  without  wash- 

60  ing. 
Appropriate  cell-derived  products  include  mechanically  ground  cells;  cells  treated  with  ultrasound; 

freeze  dried  cells;  cells  dried  with  acetone;  cells  treated  with  enzymes  such  as  lysozyme,  etc.;  cells 
treated  with  surfactants,  toluene,  etc;  protein  fractions  of  the  cells;  immobilized  products  thereof  and 
others. 

65 
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To  obtain  bacterial  cells  for  the  production  of  ceil-derived  products  the  foregoing  media  and  methods 
for  culture  of  the  cells  can  be  adopted  without  modification. 

When  culturing  the  microorganism,  cells  having  a  high  capability  of  producing  AP  from  DKP  or  DKP 
from  AP  may  sometimes  be  obtained  by  incorporating  a  small  quantity  of  DKP  or  AP  or  both  in  the  media. 

5  In  the  equilibrium  reaction  for  biochemical  condensation  of  L-aspartic  acid  and  L-phenylalanine,  meth- 
ods  are  generally  adopted  for  removing  the  AP  produced  from  the  reaction  system  (e.g.,  treatment  with 
ion  exchange  resin;  a  precipitating  agent,  extraction  with  a  solvent,  conversion  using  a  reaction  specific 
to  AP,  etc.)  to  push  the  reaction  toward  the  condensation  side.  A  similar  method  of  pushing  the  equilibri- 
um  towards  product  can  also  be  used  in  the  present  invention  by  utilizing  the  conversion  of  AP  to  DKP. 

10  Namely,  the  reaction  can.  be  accelerated  toward  the  condensation  side  by  incorporating  microorganisms 
capable  of  converting  AP  to  DKP  or  treated  products  thereof  (as  described  hereinbefore).  These  micro- 
organisms  may  be  added  by  portions  into  the  aforesaid  equilibrium  reaction  systems  at  the  initial  stage  of 
the  reaction  or  during  the  course  of  the  reaction.  Various  conditions  for  conversion  from  AP  to  DKP  in 
this  case  may  be  those  following  the  conditions  described  above. 

15  Other  features  of  this  invention  will  become  apparent  in  the  course  of  the  following  descriptions  of  ex- 
emplary  embodiments  which  are  given  for  illustration  of  the  invention  and  are  not  intended  to  be  limiting 
thereof. 

EXAMPLES 
20 

Example  1 

Into  a  500  ml  flask  was  charged  50  ml  of  medium  containing  1  .0  g/dl  of  polypeptone,  1  .0  g/dl  of  yeast  ex- 
tract,  0.3  g/dl  of  K2HPO4,  0.1  g/dl  of  KH2PO4,  0.05  g/dl  of  MgS04.7H20  and  0.5  g/dl  of  DKP  (pH  7.0) 

25  followed  by  sterilization  at  1  1  5°C  for  1  5  minutes. 
The  cultures  obtained  from  the  microorganisms  shown  in  Table  1  which  had  been  cultured  at  30°C  for  2 

days  in  bouillon-agar  medium  were  inoculated  in  the  above-described  medium  by  one  platinum  loop  each 
followed  by  culturing  at  30°C  for  2  days.  From  these  culture  solutions,  cells  were  taken  out  by  filtration. 
After  washing  once  with  the  same  amount  of  physiological  saline,  the  cells  were  collected. 

30  These  bacteria  were  added  to  100  ml  of  a  0.1  M  Tris-HCl  buffer  (pH  8.0)  containing  DKP  (2.0  g/dl)  in  a 
concentration  of  1.0  g/dl,  respectively,  followed  by  reacting  at  30°C  for  2  hours.  The  amounts  of  AP  pro- 
duced  for  each  bacteria  are  shown  in  Table  1  . 

35 

40 

45 

50 

Table  1 
Strain  Produced  mg/dl 
Streptomyces  flavovirens 
IF03197  450 
Achromobacter  lactjcum 
AJ  2394  FERM-P  7401  30 
Agrobacterium  tumefaciens 
ATCC  4452  65 
Alcaligenes  faecalis 
AJ  2565  FERM-P  8460  35 
Bacillus  circulans 
ATCC  9966  70 
Enterobacter  agglomerans 
ATCC  12287  30 
Ervinia  amylovora 
FERM-P  7056  45 
Flavobacterium  rhenanum 
AJ  2468  FERM-P  8459  70 
Micrococcus  varians 
ATCC  399  35 
Serratia  marcescens 
AJ  2763  FERM-P  8461  40 
Xanthomonascitri 
AJ  2797  FERM-P  8462  65 
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Example  2 

Streptomyces  flavovirens  IFO  3197  which  had  been  cultured,  taken  out  and  washed  in  a  manner  simi- 
lar  to  Example  1  was  reacted  at  30°C  for  48  hours  using  the  reaction  solution  as  in  Example  1  .  The  amount 

5  of  AP  produced  in  this  case  was  420  mg/dl.  L-Asp  and  L-Phe  obtained  by  further  decomposition  of  the 
AP  produced  were  produced  in  amounts  of  43  mg/dl  and  57  mg/dl,  respectively. 

Example  3 

10  The  microorganisms  shown  in  Table  2  were  grown  in  a  manner  similar  to  Example  1  to  give  a  culture  of 
bacterial  cells. 

These  cells  were  added  to  100  ml  of  a  0.1  M  phosphate  buffer  (pH  6.0)  containing  AP  (1  .0  g/dl)  in  a  con- 
centration  of  1.0  g/dl,  respectively,  followed  by  reacting  at  30°C  for  2  hours.  The  amounts  of  DKP  pro- 
duced  are  shown  in  Table  2. 

15 

35 

40 

Table  2 
Strain  Produced  mg/dl 
Streptomyces  flavovirens 
IFO  3197  820 
Achromobacter  lacticum 
AJ  2394  FERM-P  7401  15 
Agrobacterium  tumefaciens 
ATCC  4452  20 
Atealigenes  faecalis 
AJ  2565  FERM-P  8460  1  0 
Bacillus  circulans 
ATCC  9966  10 
Enterobacter  agglomerans 
ATCC  12287  15 
Erviniaamylovora 
FERM-P  7056  10 
Flavobacterium  rhenanum 
AJ  2468  FERM-P  8459  25 
Micrococcus  varians 
ATCC  399  10 
Serratia  marcescens 
AJ  2763  FERM-P  8461  20 
Xanthomonascitri 
AJ  2797  FERM-P  8462  15 

Example  4 

Streptomyces  flavorirens  IFO  3197  was  produced  in  a  manner  similar  to  Example  1,  and  1g  of  harvest- 
50  ed  cells  was  suspended  in  4  ml  of  deionized  water.  After  ice  cooling,  750  mg  of  acryiamide  and  45  mg  of 

methylenebisacrylamide  were  added.  After  oxygen  had  been  purged  by  introducing  nitrogen  gas,  3.5  mg 
of  ammonium  persulfate  and  8  ul  of  N.N'-dimethylaminopropionitrile  were  added  and  the  mixture  was  al- 
lowed  to  settle  with  ice  cooling.  After  one  hour,  the  cell-containing  gel  was  passed  through  a  metal  mesh 
of  50  mesh  and  washed  with  physiological  saline  to  prepare  a  gel-immobilized  product.  The  immobilized 

55  product,  2  g,  was  added  to  the  reaction  solutions  obtained  in  a  manner  similar  to  Examples  1  and  3,  re- 
spectively,  followed  by  reaction  at  30°C  for  2  hours.  The  amounts  of  AP  and  DKP  produced  in  this  case 
were  370  mg/dl  and  700  mg/dl,  respectively. 

Example  5 
60 

Streptomyces  parvulus  AJ  9037  FERM  BP-1168  or  Streptomyces  flavovirens  IFO  3197  cultured,  col- 
lected  and  washed  in  a  manner  similar  to  Example  1  was  added  at  a  concentration  of  5  g/dl  to  1  00  ml  of  ei- 
ther  a  0.1  M  Tris-HCI  buffer  (pH  8.0)  or  0.1  M  carbonic  acid  buffer  (pH  9.8)  both  of  which  contained 
DKP  (2.0  g/dl)  followed  by  reacting  at  30°C  for  10  hours.  The  results  obtained  are  shown  in  Table  3. 

65 
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Table  3 

45 

Strain  Amount  of  AP  Produced  (g/dl) 
pH  8.0  pH  9.8 

Streptomyces  parvulus 
AJ  9037  FERM-P  8920  FERM  BP-1  1  68  0.22  0.85 
Streptomyces  flavovirens 
IFO  3197  0.43  0 

10 

Claims 

1  .  A  process  for  producing  L-aspartyl-L-phenylalanine,  which  comprises: 15  contacting  a  culture,  cell  or  a  cell-derived  product  of  a  microorganism  with  L-aspartyl-L-phenylalanine 
diketopiperazine  in  an  aqueous  medium,  wherein  said  culture,  cell  or  cell-derived  product  of  a  microor- 
ganism  effects  hydrolysis  of  the  L-aspartyl-L-phenylalanine  diketopiperazine  into  L-aspartyl-L-phenyl- 
alanine. 

2.  A  process  according  to  Claim  1  ,  wherein  said  microorganism  belongs  to  a  genus  selected  from  the 20  group  consisting  of  Streptomyces,  Bacillus,  Flavobacterium,  Agrobacterium,  Xanthomonas,  Ervinia, 
Serratia,  Alcaiigenes,  Micrococcus,  Achromobacter  and  Enterobacter. 

3.  A  process  according  to  Claim  2,  wherein  said  microorganism  is  a  member  of  the  genus  Streptomy- 
ces. 

4.  A  process  for  producing  L-aspartyl-L-phenylalanine  diketopiperazine,  which  comprises: 25  contacting  a  culture,  cell  or  a  cell-derived  product  of  a  microorganism  with  L-aspartyl-L-phenylalanine  in 
an  aqueous  medium, 
wherein  said  culture,  cell  or  cell-derived  product  of  a  microorganism  effects  intramolecular  condensa- 
tion  of  L-aspartyl-L-phenylalanine  to  produce  L-aspartyl-L-phenylalanine  diketopiperazine. 

5.  A  process  according  to  Claim  4,  wherein  said  microorganism  belongs  to  a  genus  selected  from  the 30  group  consisting  of  Streptomyces,  Bacillus,  Flavobacterium,  Agrobacterium,  Xanthomonas,  Ervinia, 
Serratia,  Alcaiigenes,  Micrococcus,  Achromobacter  and  Enterobacter. 

6.  A  process  of  Claim  4,  wherein  said  microorganism  belongs  to  the  genus  Streptomyces. 
7.  A  process  according  to  any  one  of  Claims  1-3,  wherein  said  contacting  occurs  under  aerobic  condi- 

tions,  a  pH  of  2-8  and  a  temperature  of  10-70°C. 
35  8.  The  process  of  Claim  7,  wherein  said  temperature  is  20-40°C. 

9.  A  process  according  to  any  one  of  Claims  1-3,  7  or  8,  wherein  said  contacting  is  performed  in  a 
batch  system. 

10.  A  process  according  to  any  one  of  Claims  4-7,  wherein  said  contacting  occurs  under  aerobic  con- 
ditions,  a  pH  of  2-8  and  a  temperature  of  1  0-70°C. 

40  1  1  .  A  process  according  to  Claim  1  0,  wherein  said  temperature  is  about  20-40°C. 
12.  A  process  according  to  any  one  of  Claims  4-6,  10  or  11,  wherein  said  contacting  occurs  in  a  batch 

system. 

Patentanspriiche 

1.  Verfahren  zur  Herstellung  von  L-Aspartyl-L-phenylalanin,  welches  umfaBt: 
das  Inkontaktbringen  einer  Kultur,  Zelle  Oder  eines  von  der  Zelle  abgeleiteten  Produkts  eines  Mikroor- 
ganismus  mit  L-Aspartyl-L-phenylalanin-diketopiperazin  in  einem  waBrigen  Medium,  wobei  die  Kultur, 
Zelle  oder  das  von  der  Zelle  abgeleitete  Produkt  des  Mikroorganismus  die  Hydrolyse  des  L-Aspartyl-L- 50  phenylalanin-diketopiperazins  zu  L-Aspartyl-L-phenylalanin  bewirkt. 

2.  Verfahren  gemaB  Anspruch  1  ,  bei  dem  der  Mikroorganismus  einem  Genus  gehort,  der  aus  der  aus 
Streptomyces,  Bacillus,  Flavobacterium,  Agrobacterium,  Xanthomonas,  Ervinia,  Serratia,  Alcaiigenes, 
Micrococcus,  Achromobacter  und  Enterobacter  bestehenden  Gruppe  ausgewahlt  ist. 

3.  Verfahren  gemaB  Anspruch  2,  bei  dem  der  Mikroorganismus  ein  Glied  des  Genus  Stroptomyces  ist. 55  4.  Verfahren  zur  Herstellung  von  L-Aspartyl-L-phenylalanin-diketopiperazin,  welches  umfaBt: 
das  Inkontaktbringen  einer  Kultur,  Zelle  oder  eines  von  der  Zelle  abgeleiteten  Produkts  eines  Mikroor- 
ganismus  mit  L-Aspartyl-L-phenylalanin  in  einem  waBrigen  Medium, 
wobei  diese  Kultur,  Zelle  oder  das  von  der  Zelle  abgeleitete  Produkt  des  Mikroorganismus  die  intramole- 
kulare  Kondensation  von  L-Aspartyl-L-phenylalanin  unter  Bildung  von  L-Aspartyl-L-phenylalanin-dike- 60  teropiperazin  bewirkt. 

5.  Verfahren  gemaB  Anspruch  4,  bei  dem  der  Mikroorganismus  einem  Genus  angehort,  der  aus  Strep- 
tomyces,  Bacillus,  Flavobacterium,  Agrobacterium,  Xanthomonas,  Ervinia,  Serratia,  Alcaiigenes, 
Micrococcus,  Achromobacter  und  Enterobacter  bestehenden  Gruppe  ausgewahlt  ist. 

6.  Verfahren  gemaB  Anspruch  4,  bei  dem  der  Mikroorganismus  dem  Genus  Streptomyces  angehort. 65 
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7.  Verfahren  gemaB  einem  der  Anspruche  1  bis  3,  bei  dem  das  Inkontaktbringen  unter  aeroben  Bedin- 
gungen  bei  einem  pH  von  2  bis  8  und  einer  Temperatur  von  1  0  bis  70°C  erfolgt. 

8.  Verfahren  gemaB  Anspruch  7,  bei  dem  die  Temperatur  20  bis  40°C  betragt. 
9.  Verfahren  gemaB  einem  der  Anspruche  1  bis  3,  7  oder  8,  bei  dem  das  Inkontaktbringen  in  einem  dis- 

5  kontinuierlichen  System  durchgefuhrt  wird. 
10.  Verfahren  gemaB  einem  der  Anspruche  4  bis  7,  bei  dem  das  Inkontaktbringen  unter  aeroben  Bedin- 

gungen,  bei  einem  pH  von  2  bis  8  und  einer  Temperatur  von  1  0  bis  70°C  erfolgt. 
1  1  .  Verfahren  gemaB  Anspruch  1  0,  bei  dem  die  Temperatur  etwa  20  bis  40°C  betragt. 
12.  Verfahren  gemaB  einem  der  Anspruche  4  bis  6,  10  oder  11,  bei  dem  das  Inkontaktbringen  in  einem 

10  diskontinuierlichen  System  erfolgt. 

Revendications 

1  .  Un  precede  de  production  de  la  L-aspartyl-L-phenylalanine  qui  comprend: 
15  la  mise  en  contact  d'une  culture,  des  cellules,  ou  d'un  produit  derive  des  cellules  d'un  micro-organisme 

avec  la  L-aspartyl-L-phenylalanine  dicetopiperazine  dans  un  milieu  aqueux,  selon  lequel  ladite  culture, 
lesdites  cellules,  ou  ledit  produit  derive  des  cellules  d'un  micro-organisme  effectuent  Phydrolyse  de  la  L- 
aspartyl-L-phenylalanine  dicetopiperazine  en  L-aspartyl-L-phenylalanine. 

2.  Un  precede  selon  la  revendication  1  ,  selon  lequel  ledit  micro-organisme  appartient  a  un  genre  choisi 
20  dans  le  groupe  comprenant  les  suivants:  Streptomyces,  Bacillus,  Flavobacterium,  Agrobacterium,  Xan- 

thomonas,  Ervinia,  Serratia,  Alcaiigenes,  Micrococcus,  Achromobacter  et  Enterobacter. 
3.  Un  precede  selon  la  revendication  2,  selon  lequel  ledit  micro-organisme  est  un  element  du  genre 

Streptomyces. 
4.  Un  precede  de  production  de  la  L-aspartyl-L-phenylalanine  dicetopiperazine  qui  comprend: 

25  la  mise  en  contact  d'une  culture,  des  cellules,  ou  d'un  produit  derive  des  cellules  d'un  micro-organisme 
avec  la  L-aspartyl-L-phenyialanine  dans  un  milieu  aqueux,  selon  lequel  ladite  culture,  lesdites  cellules, 
ou  ledit  produit  derive  des  cellules  d'un  micro-organisme  effectuent  la  condensation  intramoieculaire  de 
la  L-aspartyl-L-phenylalanine  pour  produire  la  L-aspartyl-L-phenylalanine  dicetopiperazine. 

5.  Un  precede  selon  la  revendication  4,  selon  lequel  ledit  micro-organisme  appartient  a  un  genre  choi- 
30  si  dans  le  groupe  comprenant  les  suivants:  Streptomyces,  Bacillus,  Flavobacterium,  Agrobacterium, 

Xanthomonas,  Ervinia,  Serratia,  Alcaiigenes,  Micrococcus,  Achromobacter  et  Enterobacter. 
6.  Un  precede  selon  la  revendication  4,  selon  lequel  ledit  micro-organisme  appartient  au  genre  Strep- 

tomyces. 
7.  Un  precede  selon  I'une  quelconque  des  revendications  1-3,  selon  lequel  ledit  contact  a  lieu  dans 

35  des  conditions  en  aerobie,  a  un  pH  de  2-8  et  a  une  temperature  de  1  0-70°C. 
8.  Le  precede  selon  la  revendication  7,  selon  lequel  ladite  temperature  est  de  20-40°C. 
9.  Un  precede  selon  I'une  quelconque  des  revendications  1-3,  7  ou  8,  selon  lequel  ledit  contact  est  ef- 

fectue  dans  un  systeme  en  discontinu. 
10.  Un  precede  selon  I'une  quelconque  des  revendications  4-7,  selon  lequel  ledit  contact  a  lieu  dans 

40  des  conditions  en  aerobie,  a  un  pH  de  2-8  et  a  une  temperature  de  1  0-70°C. 
1  1.  Un  precede  selon  la  revendication  10,  selon  lequel  ladite  temperature  est  d'environ  20-40°C. 
12.  Un  precede  selon  I'une  quelconque  des  revendications  4-6,  10  ou  11,  selon  lequel  ledit  contact  a 

lieu  dans  un  systeme  en  discontinu. 
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