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containing  creatinine  under  aerobic  conditions  at 
a  pH  of  from  5.0  to  10.0.  This  fermentation  pro- 
cess  includes 

a)  transferring  a  fresh  sample  of  the  microor- 
5  ganism  from  the  maintenance  medium  to  a  mi- 

crobial  growth  medium  having  a  pH  of  from  5.0  to 
10.0  to  grow  the  microorganism,  the  microbial 
growth  medium  comprising  an  aqueous  nutrient 
medium,  substantially  free  from  creatinine,  con- 

10  taining  nutrients  including  a  vegetable  protein 
hydrolysate  or  a  non-peptic  milk  protein  hydroly- 
sate  effective  under  aerobic  conditions  to  grow 
the  microorganism," 
b)  transferring  the  microbial  growth  medium 

75  containing  the  growing  microorganism  obtained 
in  step  (a)  to  a  production  medium  having  a  pH  in 
the  range  of  from  5.0  to  10.0  to  generate  under 
aerobic  conditions  a  microorganism  in  which 
creatinine  iminohydrolase  production  has  been 

20  induced;  and 
c)  extracting  creatinine  iminohydrolase  from  the 
microorganism  produced  in  step  (). 

The  production  medium  described  in  step  (b) 
25  above  comprises  an  aqueous  nutrient  medium 

containing: 

i)  a  carbon  source  including  glucose  or  an  amino 
acid  precursor  representing  an  organic  acid  free 

30  from  amino  groups,  or  a  mixture  of  glucose  and 
amino  acid  precursor, 
ii)  a  nitrogen  source  including  creatinine  and 
preferably  also  containing  a  vegetable  protein 
hydrolysate  or  a  non-peptic  milk  protein  hydroly- 

35  sate  or  a  mixture  of  vegetable  protein  hydrolysate 
and  non-peptic  milk  protein  hydrolysate, 
iii)  trace  nutrients,  and 
iv)  a  buffer. 

The  term  «urease-free»  as  defined  herein  re- 
40  fers  to  an  enzyme  preparation  that  in  crude,  un- 

purified  from  as  extracted  and  separated  from 
the  microbial  cells  in  which  it  was  produced  exhi- 
bits  substantially  no  urease  activity.  A  typical  as- 
say  procedure  for  determining  urease  activity 

45  can  be  carried  out  using  the  «GDH»  assay  meth- 
od  of  procedure  5  hereinafter  wherein  urea  is 
substituted  for  creatinine. 

The  microorganism  identified  as  ATCC  31546 
has  received  this  designation  based  on  its  depos- 

50  it  with  the  American  Type  Culture  Collection, 
Rockville,  Maryland,  20852  U.S.A.  This  microor- 
ganism  has  been  tentatively  assigned  to  the  ge- 
nus  Flavobacterium  and  given  the  species  name 
filamentosum.  The  present  invention  can  also  be 

55  employed  withcreatinineiminohydrolase-produc- 
ing  aerobic  soil  microorganisms  other  than  ATCC 
31546. 

The  fermentation  process  described  herein- 
above  facilitates  good  growth  of  the  microorgan- 

60  ism  and  significantly  improves  yield  of  the  en- 
zyme.  Unexpectedly,  these  highly  advantageous 
results  are  achieved  in  the  process  by  growing 
the  microorganism  in  a  nonspecific  microbial 
growth  medium  featuring  nutrients,  substantially 

65  free  from  creatinine,  comprising  a  vegetable  pro- 

Description 

Process  for  the  production  of  creatinine  imino- 
hydrolase  by  growing  micro-organism  and  nu- 
trient  medium  for  the  practice  of  said  process 

The  present  invention  relates  to  a  process  and 
an  improved  aqueous  nutrient  medium  for  grow- 
ing  an  aerobic  soil  microorganism  that  produces 
creatinine  iminohydrolase. 

Creatinine  iminohydrolase  is  an  enzyme  that 
specifically  hydrolyzes  creatinine  to  ammonia. 
Accordingly,  by  contacting  an  aqueous  liquid 
containing  creatinine  with  this  enzyme  to  gener- 
ate  ammonia,  the  presence  and/or  concentration 
of  creatinine  in  the  liquid  can  be  determined  by 
detecting  the  level  of  the  generated  ammonia. 
This  enzyme  can  therefore  play  an  important  role 
in  the  clinical  laboratory  where  it  can  be  used  as  a 
diagnostic  test  reagent  for  the  determination  of 
creatinine  in  biological  liquids. 

Creatinine  iminohydrolase,  sometimes  re- 
ferred  to  as  creatinine  desimidase,  has  been  ob- 
tained  from  various  microorganisms.  For  exam- 
ple,  J.  Szulmajster  in  J.  Bacteriolol,  75:  633  (1958) 
and  in  Biochim  Biophys  Acta,  30:  154  (1958)  de- 
scribes  a  preparation  of  creatinine  iminohydro- 
lase  obtained  from  the  anaerobic,  gram-positive 
microorganism  Clostridium  paraputrificum.  A 
method  of  growing  the  Clostridium  paraputrifi- 
cum  microorganism  is  also  described.  However, 
these  publications  relate  specifically  to  an  anaer- 
obic,  gram-positive  microorganism,  and  the  dis- 
closed  fermentation  method  for  growing  the  mi- 
croorganism  requires  a  long  time.  Moreover,  the 
amount  of  microbial  cells  grown  and  the  yield  of 
enzyme  extracted  therefrom  is  relatively  small. 
U.S.  Patents  4087  329  and  4134793  describe  the 
production  of  creatinine  desimidase  from  one  of 
several  aerobic  microbial  sources  including  mi- 
croorganisms  of  the  genera  Brevibacterium,  Co- 
rynebacterium,  Pseudomonas,  and  Arthrobacter. 
These  patents  further  describe  a  nutrient  medi- 
um  that  can  be  used  for  culturing  microorgan- 
isms  of  the  aforementioned  genera  and  assert 
that  the  formulation  of  this  nutrient  medium  can 
be  widely  varied  and  can  contain  any  of  a  large 
number  of  specifically  recited  carbon  and  nitro- 
gen  sources,  as  well  as  other  optional  nutrients 
including  inorganic  materials  and  a  creatinine  in- 
ducer. 

An  improved  process  and  aqueous  nutrient 
medium  for  growing  a  creatinine  iminohydro- 
lase-producing  aerobic  soil  microorganism  and 
increasing  the  yield  of  the  creatinine  iminohydro- 
lase  from  the  microorganism  would  represent  a 
clearly  advantageous  addition  to  the  art. 

The  present  invention  is  directed  to  a  fermen- 
tation  process  and  an  aqueous  nutrient  medium 
for  growing  an  aerobic  soil  microorganism  under 
aerobic,  conditions  from  which  a  creatinine  imino- 
hydrolase  enzyme  composition  can  be  obtained. 

The  invention  is  directed  to  a  fermentation  pro- 
cess  for  production  of  creatinine  iminohydrolase 
from  an  aerobic  soil  microorganism  ATCC  31546 
maintained  on  an  aqueous  maintenance  medium 
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organic  acids  that  are  indirect  amino  acid  precur- 
sors  includes  malic  acid,  lactic  acid,  citric  acid, 
and  succinicacid. 

The  amount  of  the  glucose  or  the  above-de- 
5  scribed  amino  acid  precursor  employed  as  a  car- 

bon  source  can  vary.  Useful  amounts  have  been 
found  to  be  in  the  range  of  from  1  .0  to  20.0  grams 
per  liter  of  the  aqueous  nutrient  medium,  prefer- 
ably  in  the  range  of  from  5.0  to  10.0  grams  per  li- 

10  ter. 
In  an  especially  preferred  embodiment  of  the 

invention,  the  production  medium  contains  a  car- 
bon  source  having  both  glucose  and  one  or  more 
of  the  amino  acid  precursors.  This  embodiment 

15  can  substantially  increase  the  yield  of  creatinine 
iminohydrolase  enzyme  from  the  microorganism. 
In  this  embodiment,  the  total  amount  of  the  glu- 
cose  and  the  above-described  amino  acid  pre- 
cursor  can  be  within  the  5.0  to  10.0  g/l  range 

20  specified  above  with  the  weight  ratio  of  glucose 
to  the  amino  acid  precursor  being  within  the 
range  of  from  1  :  1  0  to  1  :  1  . 

The  nitrogen  source  employed  in  the  aqueous 
nutrient  medium  of  the  production  medium  need 

25  only  be  creatinine.  However,  a  preferred  aqueous 
nutrient  medium,  that  can  be  employed  as  the 
production  medium  includes  both  creatinine  and 
a  vegetable  protein  hydrolysate  or  a  non-peptic 
milk  protein  hydrolysate.  Among  the  vegetable 

30  and  non-peptic  milk  protein  hydrolysates  that 
can  be  employed  in  this  preferred  embodiment 
are  tryptone;  soy  protein  hydrolysates  such  as 
Hy-Soy,  a  tradename  of  Scheffield  Chemical  Di- 
vision  of  Kraftco  Corporation,  Union,  New  Jer- 

35  sey;  tryptic  casein  hydrolysates  such  as  Trypti- 
case®  Peptone  available  from  Bioquest  (BBL), 
Cockeysville,  Maryland;  and  protease  casein  hy- 
drolysates.  Peptic  milk  protein  hydrolysates,  i.e., 
milk  protein  hydrolyzed  by  pepsin,  have  generally 

40  been  found  to  provide  low  rates  of  microbial  cell 
growth  and  low  rates  of  microbial  enzyme  pro- 
duction. 

The  amount  of  creatinine  may  be  within  the 
range  of  from  0.5  to  20.0  grams  per  liter  of  the 

45  aqueous  nutrient  medium  employed  as  the  pro- 
duction  medium,  preferably  from  4.0  to  12.0 
grams  per  liter.  The  amount  of  vegetable  and/or 
non-peptic  milk  protein  hydrolysate  may  be  with- 
in  the  range  of  from  1.0  to  10.0  grams  per  liter, 

50  preferably  1  .0  to  5.0  grams  per  liter. 
The  trace  nutrients  contained  in  the  aqueous 

medium  representing  the  production  medium  in- 
cludes  water-soluble  inorganic  salts.  Yeast  ex- 
tract  can  also  be  present.  These  trace  nutrients 

55  can  be  added  in  small  quantities  in  an  amount  ef- 
fective  to  promote  cell  growth  of  the  microorgan- 
ism  and  increased  yield  of  enzyme  from  the  mi- 
croorganism.  A  useful  amount  of  yeast  extract  is 
within  the  range  of  from  0.1  gram  to  2  grams  per 

60  liter  of  the  medium,  preferably  from  0.5  to  1.5 
grams  per  liter.  Vitamins  can  also  be  present  as 
optional  trace  nutrients. 

Water-soluble  inorganic  salts  that  can  be  pres- 
ent  as  trace  nutrients  include  water-soluble  salts 

65  of  phosphorus,  magnesium,  calcium,  iron,  zinc, 

tein  hydrolysate  or  a  non-peptic  milk  protein  hy- 
drolysate  and  then  inducing  enzyme  formation  in 
a  production  medium  featuring  a  well-defined 
carbon  source  and  a  nitrogen  source  including 
creatinine. 

In  one  preferred  embodiment,  an  improved 
aqueous  nutrient  medium  containing  at  least  one 
«direct»  amino  acid  precursor,  as  defined  herein- 
after,  can  be  employed  as  the  production  medi- 
um  in  the  invention  to  provide  high  yields  of 
creatinine  iminohydrolase  in  excess  of  500  units 
per  liter  of  medium.  In  an  especially  preferred 
embodiment  wherein  the  improved  aqueous  nu- 
trient  contains  a  mixture  of  glucose  and  at  least 
one  direct  amino  acid  precursor,  the  invention 
provides  even  higher  vields  of  creatinine  imino- 
hydrolase  production  in  excess  of  650  units  per  li- 
ter. 

Production  medium 
In  the  course  of  formulating  the  production 

medium  comprising  an  aqueous  nutrient  medium 
having  components  (i)-(iv)  described  above,  var- 
ious  conventional  carbon  sources  for  microor- 
ganisms  were  investigated.  A  number  of  conven- 
tional  carbon  sources  identified  in  U.S.  Patents 
4087  329  and  4134793  as  capable  of  producing 
creatinine  iminohydrolase  are  of  little  or  no  value 
for  producing  creatinine  iminohydrolase  from 
aerobic  microorganisms  such  as  ATCC  31  546.  For 
example,  carbon  sources  such  as  glycerol,  su- 
crose,  acetic  acid,  aspartic  acid,  glutamic  acid, 
and  glycine  produce  microbial  cells  that  yield  on- 
ly  small  amounts  of  creatinine  iminohydrolase. 
Certain  of  the  foregoing  carbon  sources  identifi- 
ed  as  being  of  little  or  no  value  in  the  present 
method  provide  good  cell  growth  of  the  microor- 
ganism,  but  the  resultant  microorganism  yields 
little  or  none  of  the  desired  creatinine  iminohy- 
drolase  enzyme. 

Those  carbon  sources  that  have  been  found 
useful  include  glucose  and  amino  acid  precursors 
representing  organic  acids  free  from  amino 
groups.  «Amino  acid  precursors))  refers  herein  to 
both  «direct»  and  «indirect»  precursors  for  amino 
acids.  A  direct  precursor  represents  a  substance 
that  is  one  metabolic  reaction  step  removed  from 
an  amino  acid,  whereas  an  indirect  precursor  re- 
quires  two  metabolic  reaction  steps  to  form  an 
amino  acid.  Thus,  for  example,  fumaric  acid  re- 
presents  a  «direct»  amino  acid  precursor  as  it  can 
be  metabolically  converted  to  aspartic  acid  in  a 
single  reaction  step;  whereas  lactic  acid  repres- 
ents  an  «indirect»  amino  acid  precursor  as  it  must 
first  be  metabolically  converted  to  pyruvic  acid  (a 
direct  amino  acid  precursor)  which  can  then  be 
metabolically  converted  to  alanine.  In  the  present 
invention,  direct  amino  acid  precursors  are  pre- 
ferred  over  indirect  amino  acid  precursors. 

The  amino  acid  precursors  employed  in  the 
aqueous  nutrient  medium  of  the  production  me- 
dium  are  further  characterized  as  organic  acids 
free  from  amino  groups.  A  partial  listing  of  pre- 
ferred  organic  acids  that  are  direct  amino  acid 
precursors  includes  fumaric  acid,  a-ketoglutaric 
acid,  and  pyruvic  acid.  A  partial  listing  of  useful 
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sodium,  and  other  water-soluble  salts,  the  cation- 
ic  component  thereof  preferably  being  selected 
from  Periods  3  and  4  of  the  Periodic  Table  of  the 
Elements.  Preferably,  a  mixture  of  several  differ- 
ent  inorganic  salts  is  present  as  trace  nutrients. 
One  inorganic  salt  mixture  that  has  been  found 
especially  useful  is  an  aqueous  0.1  NHGI  solution 
of  the  following  composition,  the  concentration 
of  each  listed  component  being  based  on  the 
amount  present  in  one  liter  of  aqueous  solution: 

dium  under  aerobic  conditions  at  pH  conditions 
similar  to  those  described  above  for  the  produc- 
tion  medium.  Thus,  the  pH  is  adjusted  to  5.0-10.0, 
preferably  6.0-7.5,  by  addition  of  base,  preferably 
NaOH  or  KOH,  although  other  bases  may  also  be 
employed.  The  temperature  of  the  maintenance 
medium  is  whithin  the  range  of  from  15  to  42°C, 
preferably  25  to  30  °C. 

The  maintenance  medium  is  an  aqueous  medi- 
um  including  a  nitrogen  source  comprising  creat- 
inine;  a  carbon  source  preferably  including  one 
or  more  of  the  above-described  amino  acid  pre- 
cursors  representing  an  organic  acid  free  from 
amino  groups;  trace  nutrients  such  as  one  or 
more  water-soluble  inorganic  salts  and  optionally 
yeast  extract;  and  buffer.  If  desired,  other  con- 
ventional  culture  materials,  such  as  agar,  can  al- 
so  be  present. 

A  maintenance  medium  that  has  been  found 
especially  useful  has  the  following  composition: 

10 

MgSO4-7H2O 
CaCI2-2H2O 
FeSO4-7H2O 
MnSO4-H2O 
ZnSO4-7H2O 
NaCI 
NaMo04-2H20 

12.2g 
0.076  g 

2.8  g 
1.7g 

0.06  g 
0.6  g 
0.1  g 

15 

The  aqueous  nutrient  medium  representing  the 
production  medium  also  contains  a  buffer.  Pref- 
erably,  the  buffer  is  a  phosphorous-containing 
buffer,  such  as  a  phosphate  buffer,  although 
other  buffers  can  be  used.  In  this  preferred  case, 
the  buffer  not  only  serves  as  a  buffer  but  also 
serves  as  a  trace  phosphorous  source  for  the 
microorganism.  A  preferred  phosphate  buffer  is 
dipotassium  hydrogen  phosphate,  K2HPO4,  pres- 
ent  in  an  amount  within  the  range  of  from  3.0  to 
10.0  grams  per  liter,  preferably  3.0  to  6.0  grams 
per  liter. 

The  pH  of  the  aqueous  nutrient  medium  re- 
presenting  the  production  medium  can  be  in  a 
range  of  from  5.0  to  10.0  preferably  6.0  to  7.5.  The 
pH  of  the  medium  can  readily  be  adjusted  to  a  val- 
ue  in  the  aforementioned  range  by  addition  of  a 
base,  such  as  KOH  or  NaOH,  preferably  NaOH. 
The  pH  is  then  maintained  within  this  range  by 
the  presence  of  the  above  noted  buffer. 

The  production  medium  can  also  contain  other 
optional  components  as  will  be  appreciated  by 
those  skilled  in  the  art.  Because  foaming  is  often 
encountered  when  growing  microorganisms  in  a 
largescale  fermentor,  foam  control  agents  can  be 
included  in  the  medium.  One  such  foam  control 
agent  is  a  polyglycol  such  as  Polyglycol  P-2000,  a 
tradename  of  Dow  Chemical  Company,  Midland, 
Michigan.  When  used,  this  foam  control  agent  is 
generally  employed  in  an  amount  up  to  0.5  gram 
per  liter  although  lower  amounts,  e.g.  0.1  gram 
per  liter,  have  generally  been  found  sufficient  to 
control  foaming.  Other  foam  control  agents  can 
also  be  used;  the  main  criterion  for  selection  be- 
ing  minimal  or  no  inhibition  of  microbial  growth 
and  enzyme  synthesis  at  a  concentration  level 
that  will  control  the  foam. 

Fermentation  process  for  enzyme  production. 
The  above-described  production  medium  is 

advantageously  employed  in  the  final  step  of  a 
fermentation  process  suitable  for  large-scale 
production  of  creatinine  iminohydrolase  from  an 
aerobic  soil  microorganism  such  as  ATCC  31546. 

This  fermentation  process  employs  a  sample  of 
the  microorganism  grown  on  a  maintenance  me- 

20 

Agar 
Fumaric  acid  (carbon  source) 
Creatinine  (nitrogen  source) 
K2HPO4asbuffer(anhydrous) 
Yeast  extract 
Salt  solution 
Distilled  water 

20.0  g 
10.0  g 
5.0  g 
5.0  g 
1.0g 

10.0  ml 
800.0  ml 

25 

pH  adjusted  to  6.7  with  NaOH  and  volume  made 
up  to  1  liter  with  distilled  water.  The  salt  solution 
is  a  0.1  N  HCI  aqueous  solution  and  has  the  fol- 
lowing  composition,  the  concentration  of  each 
listed  component  based  on  the  amount  present  in 
one  liter  of  salt  solution: 

30 

35 

MgSO4-7H2O 
CaCI22H2O 
FeSO4-7H2O 
MnSO4H2O 
ZnSO4-7H2O 
NaCI 
NaMoO4-2H2O 

12.2g 
0.076  g 

2.8  g 
1.7g 

0.06  g 
0.6  g 
0.1  g 

40 

The  fermentation  process  is  initiated  in  step  (a) 
wherein  a  fresh  sample  of  the  microorganism  is 
transferred  from  the  maintenance  medium  to  a 
microbial  growth  medium  to  grow  the  microor- 
ganism.  The  term  «fresh  sample»  of  microorgan- 
ism  refers  to  one  that  has  been  incubated  and 
maintained  in  the  maintenance  medium  at  about 
25  °C  for  a  relatively  short  duration,  on  the  order 
of  from  24  to  72  hours,  preferably  about  48  hours. 
A  sample  of  a  microorganism  that  has  been 
maintained  and  incubated  for  a  longer  time  has 
been  found  less  useful  than  a  fresh  sample  of  a 
microorganism. 

To  provide  a  ready  supply  of  fresh  sample  of 
microorganism,  one  can  store  the  microorganism 
as  a  freeze-dried  powder  at  temperatures  in  the 
range  of  from  4  to  25  °C,  thereby  suspending  cel- 
lular  growth  processes.  New  Cultures  of  the 
freeze-dried  powder  in  the  above-described 
maintenance  medium  can  then  be  periodically  in- 
itiated  as  desired.  In  this  way,  one  can  provide  a 

45 

50 

55 

60 

65 
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nance  medium.  A  pH  in  the  desired  range  can  be 
obtained  by  use  of  a  nonspecific  nutrient  medium 
without  addition  of  a  separate  buffer  or  a  sepa- 
rate  base.  For  example,  in  the  case  of  the  com- 

5  plex  media  noted  above,  the  manufacturer  of  the 
complex  media  often  incorporates  a  buffer  into 
the  media  during  its  preparation  to  maintain  it  in 
the  preferred  pH  range  of  6.0  to  7.5. 

The  temperature  conditions  for  the  microor- 
w  ganism  in  the  growth  medium  can  vary.  General- 

ly,  good  cell  growth  in  the  growth  medium  in  step 
(a)  of  the  process  occurs  over  a  temperature 
range  of  from  20  to  37°C,  preferably  25  to  30°C. 

The  sample  of  microorganism  that  is  trans- 
15  ferred  in  step  (a)  of  the  fermentation  process  to 

the  microbial  growth  medium  is  incubated  in  this 
growth  medium  for  a  period  effective  to  obtain 
maximal  cell  growth  of  the  microorganism  with- 
out  causing  lysis  (i.e.,  rupture)  of  the  microbial 

20  cells.  The  time  for  this  can  vary,  depending  upon 
the  composition  of  the  medium  as  well  as  the 
number  of  cells  transferred  to  the  growth  medi- 
um.  In  the  case  of  a  preferred  microbial  growth 
medium  composed  of  a  vegetable  protein  hydro- 

25  lysate  such  as  Tryp-Soy  Broth,  available  from 
Scott  Laboratories,  Inc.,  Fiskeville,  R.I.,  the  peri- 
od  for  a  sample  of  the  microorganism  inoculated 
into  a  flask  containing  25  ml  of  the  microbial 
growth  medium  is  about  5  to  1  1  hours,  preferably 

30  7  to  9  hours. 
During  step  (a)  sufficient  oxygen  to  maximize 

cell  growth  of  the  microorganism  should  be  sup- 
plied.  The  optimum  amount  of  oxygen  can  readily 
be  determined  by  monitoring  cell  growth  at 

35  several  different  air  oxygen  flow  rates  and  agita- 
tion  rates  (of  the  medium)  for  a  given  volume  of 
microbial  growth  medium  and  selecting  an  air 
flow  rate  and  agitation  rate  at  or  above  that  at 
which  cell  growth  is  maximized. 

40  Having  grown  the  microorganism  in  step  (a)  of 
the  fermentation  process,  the  microbial  growth 
medium  containing  the  growing  cells  is  trans- 
ferred  in  step  (b)  to  the  production  medium.  In 
step  (b),  all  of  the  microbial  growth  medium  con- 

45  taining  growing  cells  can  be  transferred  to  the 
production  medium.  This  microbial  growth  cul- 
ture  (i.e.,  the  microbial  growth  medium  and  the 
growing  cells  contained  therein)  thus  serves  as 
an  inoculum  forthe  production  medium. 

50  The  production  medium  is  contained  in  a  fer- 
mentor.  Such  a  fermentor  has  a  capacity  of  at 
least  25  liters,  typically  150  liters  to  200,000  liters. 
Depending  upon  the  size  of  the  final  production 
fermentor,  the  preparation  of  the  microbial 

55  growth  medium  containing  the  growing  cells 
which  occurs  in  step  (a)  of  the  process,  can  be 
carried  out  in  stages  to  obtain  a  sufficient  quanti- 
ty  of  microbial  growth  culture  to  serve  as  the  in- 
oculum  for  the  final  production  fermentor. 

60  For  example,  if  the  final  production  fermentor 
has  a  volume  of  approximately  150  liters,  step  (a) 
is  advantageously  carried  out  in  two  stages.  In 
each  stage  the  cell  growth  of  the  microorganism 
in  the  microbial  growth  medium  is  maximized 

65  and  the  resulting  culture  (containing  both  the 

continual  supply  of  fresh  sample  of  the  microor- 
ganism  for  transfer  to  the  microbial  growth  medi- 
um  in  step  (a)  of  the  fermentation. 

Alternatively,  one  can  also  provide  a  supply  of 
fresh  sample  of  microorganism  by  storing  it  froz- 
en  in  liquid  nitrogen. 

The  composition  of  the  microbial  growth  medi- 
um  in  step  (a)  of  the  fermentation  process,  al- 
though  important,  can  vary  widely.  In  general, 
the  microbial  growth  medium  is  selected  to 
achieve  maximal  cell  growth  of  the  microorgan- 
ism  consistent  with  good  yields  of  enzyme  pro- 
duction  in  steps  (b)  and  (c)  of  the  process.  This  is 
achieved  by  employing  certain  conventional  non- 
specific  nutrient  media  as  the  microbial  growth 
medium  in  step  (a),  even  though  a  well-defined 
carbon  source  and  specific  nitrogen  source  are 
employed  in  the  production  medium  of  step  (b)  of 
the  process.  The  beneficial  results  produced  by 
the  use  of  step  (a)  together  with  step  (b)  were  not 
expected  and  could  not  have  been  predicted. 
That  is,  one  skilled  in  the  art  could  not  have  pre- 
dicted  that  a  microorganism  that  produces  en- 
zyme  non-constitutively  (i.e.,  microorganisms  in 
which  production  of  the  desired  enzyme  is 
achieved  by  growth  in  a  medium  including  the 
substrate  or  substrate  analog  for  the  desired  en- 
zyme)  would  produce  optimum  yields  of  enzyme 
without  use  of  a  specifically  formulated,  well-de- 
fined  nutrient  medium  throughout  the  fermenta- 
tion  process.  Unexpectedly,  therefore,  the  pres- 
ent  fermentation  process  for  aerobic  soil  micro- 
organisms  such  as  ATCC  31546  was  found  to  pro- 
vide  improved  results  using  creatinine  as  a  nu- 
trient  in  both  the  maintenance  and  production 
media,  but  without  creatinine  in  the  microbial 
growth  medium  in  step  (a)  of  the  process. 

The  foregoing  characteristic  is  advantageous. 
This  allows  one  to  formulate  the  microbial  growth 
medium  from  certain  non-specific,  commercially 
available,  pre-formulated  nutrient  media,  com- 
monly  referred  to  in  the  art  as  «complex»  media. 
These  «complex»  media  are  so  named  because 
they  include  a  complex  mixture  of  microbial  nu- 
trients  usually  derived  from  a  vegetable,  milk 
meat  or  fish  source.  Thus,  the  media  typically 
contain  a  vegetable,  milk,  fish,  or  meat  protein  as 
a  nitrogen  source  and  a  variety  of  other  inorganic 
salt  and  vitamin  nutrients  extracted  from  the 
source.  Supplemental  carbon  sources  such  as  a 
sugar,  as  well  as  other  supplemental  vitamin  and 
mineral  nutrients,  may  also  be  present  in  these 
complex  media.  Those  complex  media  that  pro- 
vide  good  results  as  a  microbial  growth  medium 
in  the  present  invention  are  derived  from  a  veg- 
etable  or  milk  source  and  contain  a  vegetable 
protein  hydrolysate  or  a  non-peptic  milk  protein 
hydrolysate. 

Thus,  the  principal  characteristics  of  the  mi- 
crobial  growth  medium  are  that  it  is  substantially 
free  from  creatinine  and  contains  nutrients  in- 
cluding  a  vegetable  protein  hydrolysate  and/or  a 
non-peptic  milk  protein  hydrolysate. 

The  pH  conditions  of  the  microbial  growth  me- 
dium  are  similar  to  those  used  for  the  mainte- 
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medium  and  growing  cells)  is  used  as  an  inocu- 
lum  for  a  succeeding  stage  of  step  (a)  in  which 
the  culture  is  introduced  into  a  new,  generally 
larger  batch  of  microbial  growth  medium. 

Where  the  final  production-scale  fermentor  is 
larger  than  150  liters,  step  (a)  can  be  carried  out 
in  more  than  two  stages  to  obtain  a  sufficient 
quantity  of  microbial  growth  culture  for  introduc- 
tion  into  the  final  production-scale  fermentor  in 
step  (b)  of  the  fermentation  process.  Typically, 
the  ratio  of  the  volume  of  microbial  growth  cul- 
ture  produced  in  the  last  stage  of  step  (a)  to  the 
volume  of  production  medium  employed  in  step 
(b)  is  within  the  range  of  from  1  :50to1  :5. 

The  composition  of  the  production  medium 
employed  in  the  present  fermentation  process  is 
as  described  in  the  ((Production  Medium»  section 
of  this  specification.  Likewise,  the  pH  conditions 
maintained  duringincubation  of  the  microorgan- 
ism  in  the  production  medium  are  identical  to 
those  described  in  the  ((Production  Mediums  sec- 
tion.  Sufficient  oxygen  to  maintain  maximum  en- 
zyme  production  by  the  microorganism  is  also 
important.  This  can  readily  be  determined  by 
monitoring  the  amount  of  enzyme  extracted  in 
step  (c)  of  the  fermentation  process  from  a  given 
volume  of  production  medium  as  the  oxygen  or 
air  flow  rate  as  well  as  the  agitation  rate  of  the 
medium  is  varied  over  a  range  of  values  in  step 
(b)  of  the  process.  One  then  selects  an  oxygen  or 
air  flow  rate  and  agitation  rate  at  or  above  that  for 
which  the  amount  of  enzyme  produced  is  maxi- 
mized.  The  incubation  time  for  the  microorgan- 
ism  in  step  (b)  of  the  fermentation  process  will 
vary  depending  on  the  specific  composition  of 
the  production  medium,  the  oxygen  transport 
rate,  temperature,  and  other  conditions.  Typical 
incubation  times  for  a  150  liter  production  scale 
fermentor  are  within  the  range  of  from  10  to  14 
hours.  As  described  above,  anti-foam  agents  can 
be  added  to  the  production  medium,  or  they  can 
be  added  at  an  earlier  stage  of  the  fermentation 
multi-stage  process  to  the  microbial  growth  me- 
dium. 

An  aerobic  soil  microorganism  such  as  ATCC 
31546  grown  in  the  production  medium  of  the 
present  fermentation  process  can  generally  be 
grown  over  a  reasonable  range  of  temperatures 
to  produce  good  yields  of  creatinine  iminohydro- 
!ase  enzyme.  Good  results  can  be  obtained  in  a 
temperature  range  of  from  20  to  37  °C.  Best  re- 
sults  have  been  achieved  at  a  temperature  of  25 
to30°C. 

Following  completion  of  step  (b),  the  desired 
urease-free  creatinine  iminohydrolase  enzyme  is 
extracted  from  the  microbial  cells.  This  can  be 
accomplished  by  conventional  means  whereby 
the  cells  are  disrupted  sonically  by  grinding,  or 
the  like;  and  the  desired  enzyme  preparation  is 
separated  from  the  medium  by  organic  solvent 
fractional  precipitation  or  other  conventional  en- 
zyme  separation  and  purification  techniques. 

The  following,  non-limiting  examples  are  pro- 
vided  to  further  illustrate  the  invention.  In  the  ex- 
amples,  the  following  materials  were  used: 

Materials: 
1.  Microorganism  -  the  aerobic  soil  microorgan- 
ism  ATCC  31  546 
2.  Medium  No.  1 

Agar 
Fumaric  acid  (carbon  source) 
Creatinine  (nitrogen  source) 
K2HPO4  (anhydrous) 
Yeast  extract 
Modified  salt  solution  C 
Distilled  water 

20.0  g/l 
10.0  g/l 
5.0  g/l 
5.0  g/l 
1.0  g/l 

10.0  ml 
800.0  ml 

10 

pH  was  adjusted  to  6.7  with  KOH,  and  the  medi- 
um  was  made  up  to  1  liter  with  distilled  water. 
Composition  of  modified  salt  solution  C: 

15 

MgSO4-7H2O 
CaCI2-2H2O 
FeSO4-7H2O 
MnSO4-H2O 
ZnSO4-7H2O 
NaCI 
NaMoO4-2H2O 

12.2  g/l 
0.076  g/l 

2.8  g/l 
1.7  g/l 

0.06  g/l 
0.6  g/l 
0.1  g/l 

20 

25 

Made  up  to  1  liter  with  0.1  N  HCI. 
3.  Medium  No.  2  had  the  same  composition  as 
medium  No.  1,  except  that  no  agar  was  added. 
4.  Medium  No.  3  had  the  same  composition  as 
Medium  No.  2,  except  that  0.1  g  of  a  polyglycol, 
Polyglycol  P-2000  (a  tradename  of  Dow  Chemical 
Co.,  Midland,  Ml)  per  liter  was  added. 
5.  Medium  No.  4  -Medium  fortesting  culture  pu- 
rity 

30 

35 

Glucose  10.0  g/l 
Yeast  extract  10.0  g/l 
Potassium  phosphate  (dibasic)  1  .0  g/l 
Salt  solution  A-1  2.0  ml/I 
Salt  solution  A-2  2.0ml/l 
Agar  20.0  g/l 

40 

The  pH  was  adjusted  to  7.0  and  the  medium  was 
made  up  to  1  liter  with  distilled  water.  Salt  solu- 
tion  A-1: 

45 

MgSO4-7H2O 
FeSO4-7H2O 
MnSO4-H2O 
NaMoO4-2H2O 

Made  up  to  1  liter  in  0.1  N  HCI. 
Salt  solution  A-2: 

CaCI2 
Distilled  water 

100.0  g/l 
10.0  g/l 
1.0  g/l 
0.5  g/l 

50 

55 
10.0  g/l 

to  1.0  liter 

6.  Chemicals:  Yeast  extract  was  a  product  of  Dif- 
co  Laboratories  (Detroit,  Ml);  agar  was  obtained 
from  Medox  Chemical  Ltd  (Ottawa,  Ontario,  Can- 
ada);  L-glutamic  dehydrogenase,  tris(hydroxy- 
methyljaminomethane  buffer  (tris),  N,N- 
bis(2-hydroxyethyl)glycine  (bicine),  egg  white  ly- 
sozyme,  nicotinamide  adenine  dinucleotide 

60 

65 
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phosphate,  reduced  form  (NADPH),  ribonuclease 
and  deoxyribonuclease  from  bovine  pancreas 
were  obtained  from  Sigma  Chemical  Co.  (St. 
Louis,  MO).  Eastman  Organic  Chemicals  (Ro- 
chester,  NY)  was  the  supplier  of  organic  chemi- 
cals.  All  other  chemicals  were  analytical  grade 
and  were  obtained  from  commercial  sources. 

In  the  examples,  the  following  procedures 
were  used: 

Procedures: 
1  .  Culture  preservation  and  maintenance 

A  culture  of  the  microorganism  ATCC  31546 
was  preserved  by  growing  the  culture  for  ten 
hours  at  30  °C  in  Tryp-Soy  Broth.  The  cells  were 
then  separated  aseptically  and  resuspended  in 
sterile  10%  aqueous  glycerol  with  Allen's  salt  so- 
lution  (Allen,  M.B.,  Archives  of  Mikrobiology, 
Vol.32,  p.  270-277  (1959).  A  small  volume, 
0.5-2.0ml  of  this  culture  was  added  to  a  sterile 
glass  ampoule  that  was  then  sealed  and  stored  in 
liquid  nitrogen.  To  obtain  a  sample  of  the  micro- 
organism,  the  culture  in  the  ampoule  was  thawed 
and  the  contents  were  aseptically  transferred  to 
Tryp-Soy  Broth  and  grown  for  10  hours  at30°C.  A 
loopful  of  this  culture  was  transferred  aseptically 
to  slants  of  Medium  No.  1  incubated  at30°C. 

2.  Small-scale  enzyme  production 
A  fresh  sample  of  culture  grown  for  two  days 

on  Medium  No.  1  slants  as  described  in  Proce- 
dure  1  above  was  obtained.  From  this  slant,  a 
loopful  of  culture  was  inoculated  into  25  ml  of  a 
microbial  growth  medium  of  the  type  employed 
in  the  present  invention  contained  in  a  250  ml  Er- 
lenmeyer  flask.  The  micorbial  growth  medium 
employed  consisted  of  Tryp-Soy  Broth.  Following 
inoculation  of  the  culture  into  the  Erlenmeyer 
flask,  the  flask  was  shaken  at  200  rpm  at  30  °C  for 
eight  hours  to  produce  good  cellular  growth 
without  lysis  of  the  microbial  cells.  Thereafter,  a 
sample  of  the  contents  of  the  flask  was  micros- 
copically  inspected  for  culture  purity  and  then 
aseptically  centrifuged  at  15,000  xg  in  a  refriger- 
ated  centrifuge  for  15  minutes  to  separate  the 
cells  from  the  Tryp-Soy  Broth.  The  supernatant 
containing  the  Tryp-Soy  Broth  was  discarded, 
and  the  solid  material  containing  the  precipitated 
microbial  cells  was  then  re-suspended  in  a  vol- 
ume  of  sterile  distilled  water  equal  to  that  present 
before  centrifugation.  2  ml  of  this  latter  sus- 
pension  was  then  used  as  an  inoculum  for  a  250 
ml  Erlenmeyer  flask  containing  25  ml  of  a  produc- 
tion  medium  to  obtain  further  cell  growth  and  to 
promote  enzyme  production  by  the  microorgan- 
ism.  The  specific  composition  of  the  production 
medium  was  varied  as  described  in  the  following 
examples.  However,  in  each  case,  once  the  mi- 
croorganism  was  transferred  as  a  2-ml  inoculum 
to  the  flask  containing  the  particular  production 
medium  of  interest,  the  flask  was  shaken  at  30°C, 
200  rpm  for  10  hours.  Thereafter,  samples  of  the 
culture  were  withdrawn,  diluted,  and  the  dry-cell 
weight  was  determined.  In  addition,  a  2.5  ml  ali- 
quot  of  the  culture  was  centrifuged  at  15,000  xg  in 
a  refrigerated  centrifuge  to  separate  the  cells 

from  the  production  medium.  The  supernatant 
containing  the  production  medium  was  dis- 
carded.  The  precipitated  cells  were  disrupted  as 
in  Procedure  4  below,  and  enzyme  activity  was 

5  assayed  as  described  in  Procedure  5  below. 
3.  Large-scale  enzyme  production 

Following  the  same  steps  described  in  Proce- 
dure  2,  a  fresh  sample  of  ATCC  31  546  culture  that 
had  been  grown  for  two  days  on  Medium  No.  1 

w  slants  was  transferred  into  25  ml  of  microbial 
growth  medium  contained  in  a  250-ml  Erlenmey- 
er  flask.  The  microbial  growth  medium  was  the 
same  as  that  described  in  Procedure  2.  The  first 
stage  of  inoculum  growth  in  the  microbial  growth 

75  medium  was  carried  out  by  shaking  the  flask  at 
200  rpm,  25°C  for  12  hours.  A  sample  of  the  con- 
tents  of  the  flask  was  thereafter  microscopically 
inspected  for  culture  purity.  Thereafter,  in  the 
second  stage  of  inoculum  growth  in  the  microbial 

20  growth  medium,  the  contents  of  two  250-ml  Er- 
lenmeyer  flasks  containing  firststage  cultures 
were  transferred  aseptically  to  a  14-liter  fermen- 
tor  containing  10  liters  of  sterilized  microbial 
growth  medium  having  the  composition  de- 

25  scribed  in  Procedure  2  and  0.01  %  wt%  of  Polygly- 
col  P-2000.  In  the  second  stage  of  inoculum 
growth,  the  14-liter  fermentor  was  agitated  at 
1300  rpm  while  maintaining  a  temperature  of 
25°C  for  12  hours.  During  this  time,  proper  oxy- 

30  gen  supply  was  maintained  by  aerating  the  fer- 
mentor  with  an  air-flow  rate  of  5.5  liters  per  mi- 
nute.  At  this  point,  a  sufficient  quantity  of  cells 
was  available  to  form  an  inoculum  for  the  150-li- 
ter  fermentor.  Thus,  the  contents  of  the  14-liter 

35  fermentor  were  asepticaliy  transferred  to  the 
150-liter  fermentor,  which  had  previously  been 
charged  with  100  liters  of  a  sterilized  production 
medium,  the  particular  composition  of  which  is 
described  in  the  following  examples.  Thereafter, 

40  the  contents  of  the  150-liter  fermentor  were  agi- 
tated  at  250  rpm  for  about  12  hours.  During  this 
time,  the  fermentor  was  aerated  with  an  air-flow 
rate  of  46  liters/minute.  Dissolved  oxygen  con- 
centration  and  pH  were  monitored  continuously 

45  throughout  the  12-hour  period.  Samples  were 
drawn  from  the  fermentor  at  the  end  of  each  hour 
and  the  dry  cell  weight  was  measured.  In  addi- 
tion,  at  the  end  of  each  hour,  a  2.5  ml  aliquot  was 
withdrawn  from  the  fermentor  and  treated  as  de- 

50  scribed  in  Procedure  2  to  separate  the  cells.  The 
cells  were  then  disrupted  and  assayed  as  de- 
scribed  in  Procedures  4  and  5. 
4.  Cell  disruption 

Cell  disruption  was  achieved  in  Procedures  2 
55  and  3  above  and  in  the  examples  below  as  fol- 

lows:  0.2  ml  of  an  enzyme  solution  and  0.4  ml  of 
cell  suspension  were  added  to  1.4  ml  of  0.05  M 
tris(hydroxymethyl)aminomethane  (tris)  buffer, 
pH  8.5,  and  10-3  M  (ethylenedinitrilo)tetraacetic 

60  acid,  dipotassium  salt  (K2EDTA).  The  aformen- 
tioned  enzyme  solution  contained  per  ml  of  de- 
ionized  water:  2.5  mg  lysozyme,  1  mg  bovine  pan- 
creatic  deoxyribonuclease,  and  1  mg  bovine  pan- 
creatic  ribonuclease.  The  amount  of  cell  suspen- 

65  sion  was  adjusted  to  give  a  final  optical  density  of 
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appearance  at  340  nm  (the  molar  extinction  coef- 
ficient  of  NADPH  at  340  nm  being  6.22  x  103)  jn  a 
spectrophotometer.  One  unit  of  enzyme  activity 
was  defined  as  that  amount  of  enzyme  necessary 
to  catalyze  the  conversion  of  1  u.  mole  of  creati- 
nine  to  1  u.  mole  of  ammonia  per  minute  under 
the  above-noted  GDH  assay  reaction  conditions. 

Example  1 
Microbial  growth  medium 

This  example  reports  the  results  of  tests  to  de- 
fine  useful  microbial  growth  media  for  a  fermen- 
tation  process  of  the  present  invention.  The  pro- 
cess  used  in  this  example  employs  a  variety  of 
different  microbial  growth  media  as  shown  in 
Table  I  and  medium  No.  2  described  above  as  a 
production  medium.  Medium  No.  2  does  not  re- 
present  an  improved  aqueous  nutrient  medium 
of  the  invention  as  it  does  not  contain  a  vegetable 
or  non-peptic  milk  protein  hydrolysate.  The 
procedure  of  the  process  used  in  this  example 
was  as  follows: 

Flasks  containing  25  ml  of  each  medium  tested 
were  inoculated  with  a  loopful  of  the  culture  that 
was  grown  on  Medium  No.  1  slants  for  2  days  at 
30°C.  The  flasks  were  shaken  at  200  rpm  at  30°C 
for  1  8  hours.  The  cellular  growth  in  each  flask  was 
measured  and  is  reported  in  Table  I  as  dry  cell 
weight  per  liter  of  medium.  As  shown  in  the  first 
column  of  Table  I,  the  culture  grew  well  in  Tryp- 
Soy  Broth,  Micro  Inoculum  Broth  and  Medium, 
No.  2.  Next,  flasks  containing  25  ml  of  medium 
No.  2  as  a  production  medium  were  inoculated 
with  2  ml  of  suspension  from  each  of  the  micro- 
bial  growth  media  tested.  As  shown  in  Table  I, 
good  growth  and  excellent  enzyme  production  in 
the  production  medium  were  observed  in  those 
flasks  inoculated  with  the  cultures  obtained  from 
Tryp-Soy  Broth  and  Micro  Inoculum  Broth.  Those 
flasks  inoculated  with  the  culture  from  Medium 
No.  2  gave  good  cell  growth  but  did  not  give  high 
levels  of  enzyme  production.  Those  flasks  inocu- 
lated  with  Sabouraud  Dextrose  Broth  and  Nu- 
trient  Broth  gave  poor  results.  The  Sabouraud 
Dextrose  Broth  provided  poor  cell  growth  and 
little  or  no  enzyme  production.  The  Nutrient 
Broth,  although  providing  some  enzyme  produc- 
tion,  yielded  poor  cell  growth. 

about  1.0,  and  the  final  volume  was  made  to  2.0 
ml  with  tris  buffer.  The  suspension  was  shaken  in 
a  water  bath  at  37°C  for  20  minutes.  The  cell  de- 
bris  was  removed  by  centrifugation  at  27,000  xg 
in  a  refrigerated  centrifuge,  and  the  supernatent  S 
was  assayed  for  enzyme  activity  as  described  in 
Procedure  5. 

5.  Assay  of  creatinine  iminohydrolase 
To  determine  the  creatinine  iminohydrolase  ac-  ?o 

tivity  described  in  the  Examples,  a  L-glutamic  de- 
hydrogenase,  «GDH»,  assay  method  was  em- 
ployed.  In  the  GDH  assay  method,  production  of 
ammonia  from  creatinine,  which  represents  the 
activity  of  a  creatinine  iminohydrolase  enzyme  '5 
composition,  is  measured  using  NADPH  (nicotin- 
amide-adenine  dinucleotide  phosphate,  reduced 
form)  in  a  GDH-catalyzed  reaction  as  follows: 

Creatinine  is  hydrolyzed  to  ammonia  via  the 
unknown  activity  of  a  creatinine  iminohydrolase  20 
sample,  and  the  resultant  ammonia  reacts  with 
the  reagent  a-ketoglutaric  acid  in  the  presence  of 
GDH  as  catalyst  to  produce  glutamic  acid.  The 
latter  reaction  catalyzed  by  GDH  uses  the  NADPH 
oxidation  reaction  (NADPH->NADP),  the  disap-  25 
pearance  of  the  NADPH  absorption  peak  at  340 
nm  providing  the  spectroscopically  detectable 
means  for  monitoring  the  assay.  That  is,  the  rate 
of  NADPH  disappearance  measures  the  rate  of 
glutamic  acid  production  which,  in  turn,  mea-  30 
sures  the  rate  of  ammonia  production.  The  reac- 
tion  mixture  employed  in  the  GDH  assay  method 
contained,  in  a  total  volume  of  one  milliliter  of  0.1 
M  N,N-bis(2-hydroxyethyl)glycine-KOH  buffer 
solution  having  a  pH  of  7.6  :0.4  mg  (ethylenedini-  35 
trilo)tetraacetic  acid,  disodium  salt  (Na2-EDTA), 
1.6  mg  a-ketoglutaric  acid,  0.24  mg  NADPH,  15 
units  GDH  (ammonia-free),  and  4.52  mg  creati- 
nine.  One  unit  of  GDH  activity  is  defined  as  that 
amount  of  enzyme  that  catalyzes  reduction  of  1  \i  *o 
mole  of  a-ketoglutaric  to  glutamate  per  minute  at 
pH  7.6  and  37  °C.  Reaction  was  initiated  in  the 
abovenoted  reaction-mixture  by  addition  of  a 
small  sample  (about  2-10  milliunits)  of  the  de- 
sired  creatinine  iminohydrolase  enzyme  compo-  45 
sition  after  equilibration  of  the  reaction  mixture 
at  37  °C.  Creatinine  iminohydrolase  activity  was 
calculated  by  measuring  the  NADPH  rate  of  dis- 

Table  I 

Creatinine 
iminohydrolase 
production 
U/liter 

Cellular  growth 
in  microbial 
growth  medium 
g/liter 

Cellular  growth 
in  production 
medium 
g/liter 

Microbial  growth  medium 

324 1.38 Tryp-Soy  Broth  as  described  in 
Procedure  1  above 

Sabouraud  Dextrose  Broth  tadename 
of  Difco  Laboratories  (Detroit,  Ml) 
containing  peptic  casein  hydrolysate 
and  dextrose  (glucose) 

3.46 

0.47 



EP  0029  382  B2 

Table  1  (cont.) 

16 15 

Cellular  growth 
in  production 
medium 
g/liter 

Creatinine 
iminohydrolase 
production 
U/liter 

Cellular  growth 
in  microbial 
growth  medium 
g/liter 

Microbial  growth  medium 

Nutrient  Broth  tradename  of  Difco  0.81 
Laboratories  (Detroit,  Ml)  containing  beef 
protein  hydrolysate  and  peptic 
casein  hydrolysate 

Micro  Inoculum  Broth  tradename  of  Difco  4.00 
Laboratories  (Detroit,  Ml)  containing 
protease  casein  hydrolysate,  yeast 
extract,  glucose,  KH2PO4,  and  sorbitan 
monoleate  complex 

Medium  No.  2  (described  above)  2.65 

104 0.87 

300 1.76 

100 1.19 

a:  The  growth  and  the  enzyme  production  was  below  the  detection  limits  of  the  assays  of  0.1  g/liter  and 
20  U/liter,  respectively. 

control  for  that  series.  As  shown  in  Table  II,  gly- 
cerol,  sucrose,  acetic  acid,  and  glycine  did  not 
support  the  growth  of  the  culture  or  produce  a 

25  detectable  amount  of  enzyme.  In  the  case  of  as- 
partic  and  glutamic  acids,  the  culture  grew  well, 
but  these  sources  repressed  enzyme  synthesis. 
In  contrast  to  the  foregoing  carbon  sources,  ac- 
ceptable  levels  of  microbial  growth  and  enzyme 

30  production  were  obtained  from  those  media  em- 
ploying  as  the  carbon  source  either  glucose  or  an 
indirect  amino  acid  precursor  such  as  lactic  acid, 
malic  acid,  citric  acid,  or  succinic  acid.  As  further 
shown  in  Table  II  the  direct  amino  acid  precursor 

35  pyruvic  acid  supported  good  enzyme  production 
although  somewhat  lower  growth  of  the  microor- 
ganism  was  obtained.  Fumaric  acid,  a  direct  ami- 
no  acid  precursor  and  the  control  used  in  Table  II, 
also  yielded  good  enzyme  production  and  good 

40  growth  of  the  microorganism.  a-Ketoglutaric  ac- 
id  appeared  to  provide  the  best  results  as  it  pro- 
vided  good  growth  of  the  microorganism  and 
produced  more  than  twice  as  much  enzyme  as 
the  control.  These  results  demonstrate  that  glu- 

45  cose  and  indirect  amino  acid  precursors  are  use- 
ful  carbon  sources,  while  direct  amino  acid  pre- 
cursors  such  as  fumaric  acid,  a-ketoglutaric  acid, 
and  pyruvic  acid  are  even  better  carbon  sources, 
with  a-ketoglutaric  acid  providing  exceptional  re-' 

50  suits. 

Example  2 
Effect  of  carbon  sources 

Using  Procedure  2  above  for  Small-scale  En- 
zyme  Production,  several  compounds,  including 
acids,  alcohols,  and  sugars,  were  tested  to  deter- 
mine  an  optimum  carbon  source  for  the  aqueous 
nutrient  medium  used  as  the  production  medium 
in  Procedure  2.  Each  of  the  aqueous  nutrient  me- 
dia  tested  in  this  example  were  identical  to  Medi- 
um  No.  2  above  except  that  the  carbon  source 
was  replaced  by  the  particular  compound  set 
forth  as  shown  hereinafter  in  Table  II.  These 
aqueous  nutrient  media  do  not  represent  im- 
proved  aqueous  nutrient  media  of  the  invention, 
as  they  did  not  contain  a  vegetable  or  non-peptic 
casein  protein  hydrolysate.  A  series  of  aqueous 
media  was  tested  for  each  different  carbon 
source  shown  in  Table  II  to  determine  the  opti- 
mum  concentration  of  each  carbon  source.  Opti- 
mum  concentration  was  determined  on  the  basis 
of  that  concentration  that  produced  the  highest 
creatinine  iminohydrolase  activity.  The  series  of 
media  for  each  carbon  source  tested  was  com- 
pared  to  a  control  medium  containing  as  the  car- 
bon  source  1.0  wt%  fumaric  acid.  Thus,  dry  cell 
weight  and  creatinine  iminohydrolase  activity  for 
each  carbon  source  tested  in  Table  II  were  deter- 
mined  as  percentages  relative  to  the  fumaric  acid 

Table  II 
Effect  of  carbon  source 

Creatinine 
iminohydrolase 
activity  %  of  control 

Dry  cell 
wt.%  of  control 

Optimum 
concentration 
wt.% 

Carbon  source 

100 
51 

100 
72 
18 
16 
16 
83 
71 

Fumaric  acida 
Glucose 
Glycerol 
Sucrose 
Acetic  acid 
Lactic  acid 
Pyruvic  acid 

1.0 
1.0 
0.5 
0.5 
0.1 
0.5 
0.5 

8 
105 
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Table  (cont.) 
Effect  of  carbon  source 

Dry  cell 
wt.%  of  control 

Creatinine 
iminohydrolase 
activity  %  of  control 

Carbon  source Optimum 
concentration 
wt.% 

Citric  acid 
Succineacid 
Malic  acid 
cc-Ketoglutaric  acid 
Asparticacid 
Glutamicacid 
Alanine 
Glycine 

1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
0.5 

76 
60 
74 

104 
96 

117 
64 
7 

71 
49 

100 
205 

35 

—  :  Below  the  detection  limit  of  creatinine  iminohydrolase  assay  of  20  U/liter. 
a  :  Fumaric  acid  (1  .0%)  was  used  as  control. 

20 
Example  3 
Effect  of  fumaric  acid  and  creatinine 

The  concentrations  of  fumaric  acid  (carbon 
source)  and  creatinine  (nitrogen  source)  were 
tested  in  aqueous  nutrient  media  employed  as 
the  production  medium  using  Procedure  2  above 
for  Small-scale  Enzyme  Production.  These  aque- 
ous  nutrient  media  do  not  represent  improved 
aqueous  nutrient  media  of  the  invention  as  they 
did  not  contain  a  vegetable  or  non-peptic  milk 
protein  hydrolysate.  The  concentrations  of  the 

fumaric  acid  and  creatinine  were  varied  simul- 
taneously  using  an  aqueous  medium  identical  to 
that  of  Medium  No.  2  above,  except  that  the  fu- 
maric  acid  and  creatinine  concentrations  were 
varied  as  indicated  in  Table  III  below.  Table  III 
shows  the  optimum  concentrations  of  fumaric 
acid  as  a  carbon  source  to  be  1.0%  and  that  of 
creatinine  to  be  0.5%.  In  all  other  combinations 
tested,  reduced  growth  and  reduced  enzyme 
yield  were  observed. 

25 

30 

Table  III 
Effect  of  fumaric  acid  and  creatinine 

Concentration 
of  fumaric  acid 
wt.% 

Concentration  Dry  cell  Creatinine 
of  creatinine  weight  iminohydrolase 
wt.%  g/liter  activity,  U/liter 

0.0  1.08  - =  
0.5  3.24  205 
1.0  3.41  160 
0.5  2.81  146 
1.0  2.63  157 
0.5  2.87  168 
1.0  2.51  138 

1.0 

1.5 

2.0 

a:  Below  the  detection  limit  of  the  creatinine  iminohydrolase  assay  of  1  0  U/liter. 

Example  4 
Effect  of  additional  nitrogen  source 

In  each  of  examples  2  and  3  noted  above,  the 
sole  nitrogen  source  employed  in  the  production 
medium  of  the  Small-scale  Enzyme  Production  55 
process  of  Procedure  2  above  was  creatinine.  In 
this  example,  the  use  of  additional  nitrogen 
sources,  namely,  a  vegetable  protein  hydroly- 
sate,  Hy-Soy  (a  tradename  for  soy  protein  hydro- 
lysate  made  by  Scheffield  Chemical,  Union,  NJ)  60 
and  a  non-peptic  milk  protein  hydrolysate,  Trypti- 
case®  Peptone  (a  tryptic  casein  hydrolysate  made 
by  Bioquest  (BBL),  Cockeysville,  MD),  were 
added  to  the  production  medium  and  evaluated 
in  the  Small-scale  Enzyme  Production  process  as  65 

described  in  Procedure  2  at  the  concentration  le- 
vels  noted  in  Table  IV  below  to  determine  their  ef- 
fects  as  additional  nitrogen  sources.  Thus,  these 
aqueous  nutrient  media  represented  the  im- 
proved  aqueous  nutrient  media  of  the  invention. 
The  remainder  of  the  production  medium  was 
identical  to  Medium  No.  2.  As  shown  in  Table  IV, 
in  the  case  of  Hy-Soy,  best  results  were  obtained 
at  a  concentration  level  of  about  0.5  wt%.  In  the 
case  of  Trypticase®  Peptone,  best  results  were 
obtained  at  a  concentration  level  of  0.1  wt%.  Al- 
though  levels  of  Hy-Soy  and  Trypticase®  Peptone 
above  0.5  and  0.1  wt%,  respectively,  could  be  em- 
ployed,  enzyme  repression  began  to  occur  at 
these  higher  levels. 

10 
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Table  IV 
Effect  of  additional  nitrogen  source 

Additional  nitrogen  source  Concentration  Dry  cell  Creatinine 
of  additional  weight  %  of  control  iminohydrolase 
nitrogen,  wt.%  source  activity,  %  of  control 

None"  -  100  100 
Hy-Soy  0.1  114  104 
Hy-Soy  0.5  108  120 
Hy-Soy  1.0  128  75 
Trypticase®  Peptone  0.1  101  110 
Trypticase®  Peptone  0.5  106  59 
Trypticase®  Peptone  1.0  102  35 

a:  Control-culture  grown  on  Medium  No.  2. 

Example  5 
Effect  of  combination  carbon  source 

In  this  example,  a  combination  carbon  source  20 
composed  of  both  glucose  and  an  amino  acid 
precursor  was  investigated  to  determine  its  ef- 
fect  on  the  growth  and  enzyme  production  of  the 
microorganism.  The  tests  in  this  example  were 
conducted  using  both  the  Small-scale  Enzyme  25 
Production  process  of  Procedure  2  and  the  Large- 
scale  Enzyme  Production  process  of  Procedure  3. 

In  each  case,  the  composition  of  the  final  produc- 
tion  medium  was  identical  to  that  of  Medium 
No.  2,  except  that  glucose  concentrations,  as 
shown  in  Table  V  below,  were  added.  The  results 
of  Table  V  show  that  while  addition  of  glucose 
enhanced  the  growth  of  the  culture  only  slightly, 
the  combination  of  the  glucose  and  amino  acid 
precursor  carbon  source  produced  marked  en- 
hancement  of  enzyme  production. 

Table  V 
Effect  of  combination  carbon  source-glucose 

Cone,  of  Enzyme  Dry  cell  Creatinine  Creatinine 
glucose  production  weight  iminohydrolase  iminohydrolase 
wt.%  procedure  g/liter  activity,  U/liter  activity,  %  of  control 

0  0̂   No.  2  3.29  101  100 
1.0  No.  2  3.31  136  135 
0  0a  No.  3  3.61  538  100 
1.0  No.  3  3.92  720  134 

a:  Control-culture  grown  on  Medium  No.  2. 

Example  6 
Results  of  medium  modifications  on  large-scale 
enzyme  production 

In  this  example  the  combined  effect  of  the 
foregoing  modifications  to  the  production  medi- 
um  described  in  Examples  2-5  was  investigated 
using  the  Large-scale  Enzyme  Production  pro- 
cess  described  in  Procedure  3.  The  control  pro- 
duction  medium  was  Medium  No.  2.  In  the  re- 
maining  tests  of  this  example,  modifications  of 
Medium  No.  2  were  made  as  described  in  Table 
VI.  The  only  modification  in  Table  VI  not  dis- 
cussed  in  Examples  2-5  was  the  replacement  of 
the  KOH  in  Medium  No.  2  with  NaOH.  This  was 
done  because  it  was  found  that  improved  enzyme 
production  could  be  obtained  thereby.  In  Table 
VI,  Media  B,  C  and  D,  all  representing  improved 
aqueous  nutrient  media  of  the  type  employed  in 
the  present  invention,  produced  markedly  im- 
proved  enzyme  activity  levels  over  that  of  control 
Medium  A,  identical  to  Medium  No.  2  described 
above.  In  particular,  Media  C  and  D,  containing 
an  additional  nitrogen  source  as  well  as  a  combi- 

nation  carbon  source,  produced  significant  in- 
creases  in  enzyme  production.  During  the  large- 

45  scale  production  processes  run  in  this  example, 
the  kinetics  of  the  fermentation  process  in  the 
150-liter  fermentor  were  observed  for  each  of 
Media  B,  C  and  D.  For  Medium  B,  it  was  observed 
that  growth  of  the  microorganism  began  almost 

50  immediately,  increased  exponentially,  and  then 
reached  a  plateau  of  3.8  g/l  in  about  10  hours;  en- 
zyme  production  for  Medium  B,  which  began  af- 
ter  about  a  4  hour  lag,  increased  exponentially 
approximately  parallel  to  that  of  growth  until  a 

55  maximum  level  of  enzyme  production  was  ob- 
tained  after  about  10  hours.  For  Medium  C, 
growth  of  the  microorganism  increased  exponen- 
tially  during  the  first  3  hours  into  the  fermenta- 
tion  process  and  reached  a  plateau  of  4  g/l  in 

60  about  10  hours.  Enzyme  production  for  Medium  C 
began  about  4.5  hours  after  initiation  of  the  fer- 
mentation  process  and  increased  exponentially 
roughly  in  parallel  to  the  growth.  The  maximum 
level  of  enzyme  production  for  Medium  C  was  ob- 

65  tained  in  about  11  -13  hours  after  which  the  activi- 

11 
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ty  began  to  decrease.  For  Medium  D,  growth  ot 
the  microorganism  increased  exponentially  dur- 
ing  the  first  4  hours  after  which  it  plateaued  at 
about  4  g/l.  Enzyme  production  for  Medium  D  be- 

gan  after  about  5  hours  and  also  increased  ex- 
ponentially  roughly  in  parallel  to  the  growth  until 
a  maximum  level  of  enzyme  production  was 
achieved  after  about  11-13  hours. 

Table  VI 
Effect  of  medium  modifications  on  large-scale  enzyme  production 

Medium Modification  Creatinine  Creatinine 
iminohydrolase  iminohydrolase 
activity,  U/liter  activity,  %  of  control 

None*  295  100 
Neutralized  with  NaOH  and  538  182 

0.1  %Trypticase®  Peptone 
Neutralized  with  NaOH,  720  244 

0.1  %Trypticase®  Peptone, 
and  1.0%  glucose 

Neutralized  with  NaOH,  828  281 
0.1  %Trypticase®  Peptone, 
1  .0%  glucose,  and  a-keto-glutaric 
acid  in  place  of  fumaric  acid 

A 
B 

D 

a:  Control-culture  grown  on  Medium  No.  2. 

Example  7 
To  demonstrate  the  increase  in  yield  of  creati- 

nine  iminohydrolase  enzyme  obtained  from  aer- 
obic  soil  microorganisms  grown  in  an  improved 
aqueous  nutrient  medium  of  the  present  inven-  30 
tion,  two  different  aerobic  creatinine  iminohydro- 
lase-producing  microorganisms,  namely  Brevi- 
bacterium  divaricatum  ATCC  14020  (referred  to  in 
U.S.  Patents  4,087,329  and  4,134,793)  and  the 
urease-free  creatinine  iminohydrolase-producing  35 
microorganism  ATCC  31546,  described  in  Proce- 
dure  1  above,  were  grown  in  two  different  aque- 
ous  nutrient  media.  Specifically,  each  of  these 
two  different  microorganisms  were  grown  in 
identical  quantities  of  a  control  nutrient  medium  40 
having  the  composition  described  in  Example  1  of 
U.S.  Patent  4,087,329  and  as  set  forth  hereinafter 
in  Table  VII.  The  procedure  used  for  cultivation  of 
these  cultures  was  the  same  as  that  described  in 
Example  6  of  U.S.  Patent  4,087,329  as  set  forth  45 
hereinafter  in  Table  VIII.  Thereafter,  the  cells  of 
each  of  the  two  microorganisms  were  harvested 
by  centrifugation  at  1500  xg  for  15  minutes  in  a 
refrigerated  centrifuge.  The  cell  pellet  thus  ob- 
tained  from  centrifuging  50  ml  of  fermentation  50 
broth  was  resuspended  in  10  mi  of  0.1  M  potas- 
sium  phosphate  buffer,  pH  7.5,  and  the  suspen- 
sion  was  treated  sonically  for  5  minutes  to  extract 
enzyme  produced  within  the  microbial  cells.  Cell 
debris  was  removed  by  centrifugation  at  27000  xg  55 
for  15  minutes  in  a  refrigerated  centrifuge.  The 
resultant  crude,  unpurified  enzyme-containing 
supernatants  obtained  from  each  of  the  two  mic- 
roorganisms  were  then  assayed  as  described  in 
Procedure  5  to  determine  their  creatinine  imino-  60 
hydrolase  activity  and  thus  obtain  a  quantitative 
evaluation  of  the  yield  of  creatinine  iminohydro- 
lase  from  each  microorganism.  Thereafter,  the 
foregoing  procedure  was  repeated  with  each  of 
the  above-described  microorganisms,  except  65 

that  this  time  each  of  the  microorganisms  was 
grown  in  identical  quantities  of  an  improved 
aqueous  nutrient  medium  of  the  present  inven- 
tion  having  a  composition  identical  to  that  of  Me- 
dium  D  of  Example  6.  The  yield  of  creatinine 
iminohydrolase,  i.e.,  the  creatinine  iminohydro- 
lase  activity  harvested  from  the  two  microorgan- 
isms  grown  in  Medium  D,  was  then  quantified  in 
the  same  manner  as  described  above.  The  results 
are  set  below  in  Table  IX.  As  shown  in  Table  IX, 
the  yield  of  creatinine  iminohydrolase  produced 
by  each  of  these  two  different  microorganisms 
was  significantly  increased  by  growing  the  mic- 
roorganisms  in  an  improved  aqueous  nutrient 
medium  of  the  present  invention. 

Table  VII 
Control  medium 

Per  liter 

Glucose  20.0  g 
Creatinine  hydrochloride  5.0  g 
K2HPO4  1.0  g 
MgSO4-7H2O  0.5  g 
KCI  0.5  g 
Yeast  extract  1  .0  g 

Adjust  pH  to  7.5  and  make  to  1  liter  with  distilled 
water. 

Table  VIII 
Cultivation  conditions 

Condition  Description 

Volume  of  medium  25  ml  in  250  ml 
Erlenmeyer  flask 

Temperature  30°C 
Shaker  speed  200  rpm 
Duration  24  hours 
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3.  The  process  of  claim  1  wherein  the  amino 
acid  precursor  of  the  carbon  source  of  step  b)  is 
fumaric  acid,  malic  acid,  cc-ketoglutaric  acid,  or 
pyruvicacid. 

s  4.  The  process  of  any  of  claims  1-3  wherein 
the  nitrogen  source  of  step  b)  further  includes  a 
vegetable  protein  hydrolysate  and/or  a  non-pep- 
tic  milk  protein  hydrolysate. 

5.  The  process  of  any  of  claims  1-4  wherein 
10  the  trace  nutrients  of  step  b)  include  water-solu- 

ble  inorganic  salts. 
6.  The  process  of  any  of  claims  1-5  wherein 

the  buffer  of  step  b)  is  a  phosphorus-containing 
buffer. 

15  7.  The  process  of  any  of  claims  1-6  wherein 
the  trace  nutrients  of  step  b)  include  yeast  ex- 
tract. 

8.  The  process  of  any  of  claims  1-7  carried  out 
at  a  temperature  in  the  range  of  from  20  °C  to 

20  37  °C. 
9.  The  process  of  any  of  claims  1-8  wherein 

the  carbon  source  of  step  b)  is  a  mixture  of  glu- 
cose  and  amino  acid  precursor  in  a  weight  ratio  in 
the  range  of  from  1  :  1  0  to  1  :  1  ,  glucose  :  amino  ac- 

25  id  precursor. 
10.  The  process  of  any  of  claims  1-9  wherein 

step  a)  is  carried  out  in  at  least  two  stages  includ- 
ing  a  first  stage  wherein  the  fresh  sample  is 
transferred  to  a  first  volume  of  the  microbial 

30  growth  medium  to  grow  the  microorganism  and 
at  least  one  additional  stage  wherein  the  growing 
microorganism  from  the  first  stage  is  transferred 
to  a  second,  larger  volume  of  the  microbial 
growth  medium  to  produce  a  larger  volume  of 

35  the  growing  microorganism  for  step  b). 
1  1  .  An  aqueous  nutrient  medium  for  growing  a 

creatinine  iminohydrolase-producing  aerobic  soil 
microorganism  ATCC  31546  under  aerobic  condi- 
tions,  characterized  in  that  the  nutrient  medium 

40  has  a  pH  in  the  range  of  from  5.0  to  10.0  and  in- 
cludes: 

A.  a  carbon  source  including  glucose  and/or  an 
amino  acid  precursor  representing  an  organic  ac- 

45  id  free  from  amino  groups; 
B.  a  nitrogen  source  including  1)  creatinine,  and 
2)  a  vegetable  protein  hydrolysate  and/or  a  non- 
peptic  milk  protein  hydrolysate; 
C.  trace  nutrients;  and 

so  C.  a  buffer. 
12.  The  medium  of  claim  11  wherein  the  amino 

acid  precursor  of  the  carbon  source  is  a  direct 
amino  acid  precursor. 

13.  The  medium  of  claim  11  wherein  the  amino 
55  acid  precursor  is  fumaric  acid,  malic  acid,  a-ke- 

toglutaric  acid,  pr  pyruvic  acid. 
14.  The  medium  of  any  of  claims  11-13  where- 

in  the  trace  nutrients  include  water-soluble  inor- 
ganic  salts. 

60  15.  The  medium  of  any  of  claims  11-14  where- 
in  the  buffer  contains  phosphorus. 

16.  The  medium  of  any  of  claims  11-15  where- 
in  the  carbon  source  is  a  mixture  of  glucose  and 
amino  acid  precursor  in  a  weight  ratio  of  from 

65  1  :  1  0  to  1  :1,  glucose:  amino  acid  precursor. 

Table  IX 
Yield  of  creatinine  iminohydrolase 

Micro-  Medium  Creatinine 
organism  iminohydrolase 

activity 
(%  of  control)* 

ATCC  14020  Table  VII  100 
Control  medium 

ATCC  14020  Medium  D  of  358 
Example  6 

ATCC  31546  Table  VII  100 
Control  medium 

ATCC31546  Medium  D  of  300 
Example  6 

"The  absolute  value  of  the  creatinine  iminohydro- 
lase  activity  level  of  the  crude  unpurified  super- 
natant  obtained  from  each  of  the  microorgan- 
isms  grown  in  the  Table  VII  control  medium  was 
arbitrarily  assigned  a  value  of  100.  The  creatinine 
iminohydrolase  activity  level  of  the  unpurified  su- 
pernatants  obtained  from  each  of  the  microor- 
ganisms  grown  in  Medium  D  of  Example  6  is  then 
expressed  in  Table  IX  above  as  a  percentage  rela- 
tive  to  the  Table  VII  control  medium. 

Claims 

1.  A  fermentation  process  for  the  production 
of  creatinine  iminohydrolase  from  aerobic  soil 
microorganism  ATCC  31546  maintained  on  an 
aqueous  maintenance  medium  containing  creati- 
nine  under  aerobic  conditions  at  a  pH  of  from 
about  5.0  to  1  0.0,  characterized  by  the  steps  of: 
a)  transferring  a  fresh  sample  of  the  microorgan- 
ism  from  the  maintenance  medium  to  a  microbial 
growth  medium  having  a  pH  of  from  5.0  to  10.0  to 
grow  the  microorganisms,  the  growth  medium 
comprising  an  aqueous  nutrient  medium,  sub- 
stantially  free  from  creatinine,  containing  nu- 
trients  including  a  vegetable  protein  hydrolysate 
or  non-peptic  milk  protein  hydrolysate  effective 
under  aerobic  conditions  to  grow  the  microor- 
ganism; 
b)  transferring  the  microbial  growth  medium 
containing  the  growing  microorganism  obtained 
in  step  (a)  to  a  production  medium  having  a  pH  in 
the  range  of  from  5.0  to  10.0  to  generate  under 
aerobic  conditions  microorganism  in  which  creat- 
inine  iminohydrolase  production  has  been  in- 
duced,  the  production  medium  representing  an 
aqueous  nutrient  medium  that  includes: 
i)  a  carbon  source  including  glucose  or  an  amino 
acid  precursor  representing  an  organic  acid  free 
from  amino  groups,  or  a  mixture  thereof, 
ii)  a  nitrogen  source  including  creatinine, 
iii)  trace  nutrients,  and 
iv)  a  buffer;  and 
c)  extracting  creatinine  iminohydrolase  from  the 
microorganism  generated  in  step  (b). 

2.  The  process  of  claim  1  wherein  the  amino 
acid  precursor  of  the  carbon  source  of  step  b)  is  a 
direct  amino  acid  precursor. 
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17.  The  medium  of  any  of  claims  11-16  where- 
in  the  trace  nutrients  include  yeast  extract. 

quelconque  des  revendications  1  a  6,  dans  lequel 
les  oligosubstances  nutritives  de  I'etape  (b) 
contiennent  un  extraitde  levure. 

8.  Procede  de  fermentation  conforme  a  Tune 
quelconque  des  revendications  1  a  7,  mis  en 
oeuvre  a  une  temperature  comprise  entre  20°C  et 
37  °C. 

9.  Procede  de  fermentation  conforme  a  I'une 
quelconque  des  revendications  1  a  8,  dans  lequel 
la  source  de  carbone  de  I'etape  (b)  est  un  melan- 
ge  de  glucose  et  d'un  precurseur  d'acide  amine, 
respectivement  dans  un  rapport  en  masse  com- 
prisentre1/10et1/1. 

10.  Procede  de  fermentation  conforme  a  I'une 
quelconque  des  revendications  1  a  9,  dans  lequel 
on  effectue  I'etape  (a)  en  deux  temps  au  moins,  le 
premier  temps  consistant  a  transferor  I'echantil- 
lon  fratchement  preleve  dans  un  premier  volume 
du  milieu  de  culture  microbienne  afin  de  faire 
croTtre  le  microorganisme,  au  moins  un  deuxieme 
temps  consistant  a  transferor  le  microorganisme 
en  croissance,  dans  un  second  volume  plus 
grand  de  milieu  de  culture  microbienne,  afin 
d'obtenir  un  volume  plus  grand  de  microorganis- 
me  en  croissance  pour  I'etape  (b). 

11.  Milieu  nutritif  aqueux  pour  cultiver  un  mi- 
croorganisme  aerobie  du  sol  ATCC  31546  produc- 
teur  de  creatine  iminohydrolase  sous  conditions 
aerobies,  caracterise  en  ce  que  le  milieu  nutritif 
presente  un  pH  compris  entre  5,0  et  10,0  et 
contient: 
A.  une  source  de  carbone  telle  que  le  glucose 
et/ou  un  precurseur  d'acide  amine  representant 
un  acide  organique  exempt  de  groupes  amino,  ou 
un  melange  de  ces  composes, 
B.  une  source  d'azote  telle  que  (1)  la  creatinine, 
et  (2)  un  hydrolysat  de  proteine  vegetale  et/ou  un 
hydrolysat  de  proteine  du  lait  non-peptique; 
C.  des  oligo-substances  nutritives;  et 
D.  un  tampon. 

12.  Milieu  nutritif  conforme  a  la  revendication 
1  1  ,  dans  lequel  le  precurseur  d'acide  amine  de  la 
source  de  carbone  est  un  precurseur  direct  d'aci- 
de  amine. 

13.  Milieu  nutritif  conforme  a  la  revendication 
11,  dans  lequel  le  precurseur  d'acide  amine  est 
I'acide  fumarique,  I'acide  malique,  I'acide  a-ceto- 
glutarique  ou  I'acide  pyruvique. 

14.  Milieu  nutritif  conforme  a  I'une  quelconque 
des  revendications  11  a  13,  dans  lequel  les  oligo- 
substances  nutritives  comprennent  des  sels  mi- 
neraux  solubles  dans  I'eau. 

15.  Milieu  nutritif  conforme  a  I'une  quelconque 
des  revendications  11  a  14,  dans  lequel  le  tampon 
contient  du  phosphore. 

16.  Milieu  nutritif  conforme  a  I'une  quelconque 
des  revendications  11  a  15,  dans  lequel  la  source 
de  carbone  est  un  melange  de  glucose  et  d'un 
precurseur  d'acide  amine,  respectivement  dans 
un  rapport  en  masse  compris  entre  1/10  et  1/1. 

1  7.  Milieu  nutritif  conforme  a  I'une  quelconque 
des  revendications  11  a  16,  dans  lequel  les  oligo- 
substances  nutritives  contiennent  un  extrait  de 
levure. 

Revendications  5 

1.  Procede  de  fermentation  permettant  d'ob- 
tenir  de  la  creatinine  iminohydrolase  a  partir  d'un 
microorganisme  aerobie  du  sol  ATCC  31546 
maintenu  en  milieu  de  conversation  aqueux  to 
contenant  de  la  creatinine,  sous  conditions  aero- 
bies,  a  pH  compris  entre  environ  5,0  et  10,0,  ca- 
racterise  par  les  etapes  suivantes: 
a)  on  transfere  un  echantillon  fraTchement  prele- 
ve  du  microorganisme,  du  milieu  de  conversation  75 
dans  un  milieu  de  culture  microbienne  dont  le  pH 
est  compris  entre  5,0  et  10,0,  afin  de  faire  croTtre 
le  microorganisme,  le  milieu  de  culture  compre- 
nant  un  milieu  nutritif  aqueux,  pratiquement 
exempt  de  creatinine,  contenant  des  substances  20 
nutritives  telles  qu'un  hydrolysat  de  proteine  ve- 
getale  ou  un  hydrolysat  de  proteine  du  lait  non- 
peptique,  efficace  en  conditions  aerobies  pour  la 
croissance  du  microorganisme; 
b)  on  transfere  le  milieu  de  culture  microbienne  25 
contenant  le  microorganisme  en  croissance  ob- 
tenu  au  cours  de  I'etape  (a)  dans  un  milieu  de 
production  dont  le  pH  est  compris  entre  5,0  et 
10,0,  afin  de  produire  sous  conditions  aerobies, 
un  microorganisme  dans  lequel  a  ete  induite  la  30 
production  de  creatinine  iminohydrolase,  le  mi- 
lieu  de  production  representant  un  milieu  nutritif 
aqueux  qui  contient: 
I)  une  source  de  carbone  telle  que  le  glucose  ou 
un  precurseur  d'acide  amine  representant  un  aci-  35 
de  organique  exempt  de  radicaux  amino,  ou  un 
melange  de  ces  composes. 
II)  une  source  d'azote,  y  compris  la  creatinine, 
III)  des  oligo-substances  nutritives,  et 
IV)  un  tampon;  et  40 
c)  on  extrait  la  creatinine  iminohydrolase  a  partir 
du  microorganisme  forme  a  I'etape  (b). 

2.  Procede  de  fermentation  conforme  a  la  re- 
vendication  1,  dans  lequel  le  precurseur  d'acide 
amine  de  la  source  de  carbone  de  I'etape  (b)  est  45 
un  precurseur  direct  d'acide  amine. 

3.  Procede  de  fermentation  conforme  a  la  re- 
vendication  1,  dans  lequel  le  precurseur  d'acide 
amine  de  la  source  de  carbone  de  I'etape  (b)  est 
I'acide  fumarique,  I'acide  malique,  I'acide  a-ceto-  50 
glutarique  ou  I'acide  pyruvique. 

4.  Procede  de  fermentation  conforme  a  I'une 
quelconque  des  revendications  1  a  3,  dans  lequel 
la  source  d'azote  utilisee  a  I'etape  (b)  comprend 
de  plus  un  hydrolysat  de  proteine  vegetale  et/ou  55 
un  hydrolysat  de  proteine  du  lait  non-peptique. 

5.  Procede  de  fermentation  conforme  a  I'une 
quelconque  des  revendications  1  a  4,  dans  lequel 
les  oligosubstances  nutrivites  de  I'etape  (b)  com- 
prennent  des  sels  mineraux  solubles  dans  I'eau.  so 

6.  Procede  de  fermentation  conforme  a  I'une 
quelconque  des  revendications  1  a  5,  dans  lequel 
le  tampon  de  I'etape  (b)  est  un  tampon  contenant 
du  phosphore. 

7.  Procede  de  fermentation  conforme  a  I'une  65 
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7.  Verfahren  nach  einem  der  Anspruche  1-6,  in 
dem  zu  den  Spuren-Nahrstoffen  von  Stufe  b)  He- 
feextrakt  gehort. 

8.  Verfahren  nach  einem  der  Anspruche  1-7, 
5  das  bei  einer  Temperatur  im  Bereich  von  20°  bis 

37°Cdurchgefuhrtwird. 
9.  Verfahren  nach  einem  der  Anspruche  1-8,  in 

dem  der  Kohlenstofflieferant  von  Stufe  b)  eine 
Mischung  aus  Glucose  und  Aminosaure-Vorlau- 

w  fer  in  einem  Gewichtsverhaltnis  im  Bereich  von 
1  :10  bis  1  :1,  Glucose:  Aminosaure-Vorlaufer  ist. 

10.  Verfahren  nach  einem  der  Anspruche  1-9, 
in  dem  die  Stufe  a)  in  mindestens  zwei  Abschnit- 
ten  durchgefuhrt  wird,  einschliesslich  einem  er- 

15  sten  Abschnitt,  in  dem  die  f  rische  Probe  in  ein  er- 
stes  Volumen  des  Mikroben-Wachstumsmedi- 
ums  uberfuhrt  wird,  um  den  Mikroorganismus  zu 
ziichten,  und  mindestens  einem  zusatzlichen  Ab- 
schnitt,  in  dem  der  wachsende  Mikroorganismus 

20  vom  ersten  Abschnitt  in  ein  zweites  grosseres  Vo- 
lumen  des  Mikroben-Wachstumsmediums  uber- 
fuhrt  werden,  um  ein  grosseres  Volumen  des 
wachsenden  Mikroorganismus  fiir  die  Stufe  b)  zu 
erzeugen. 

25  11.  Wassriges  Nahrmedium  fur  die  Zuchtung 
eines  Kreatinin-lminohydrolase  erzeugenden  ae- 
roben  Bodenmikroorganismus  ATCC  31546  unter 
aeroben  Bedingungen,  dadurch  gekennzeichnet, 
dass  das  Nahrmedium  einen  pH-Wert  im  Bereich 

30  von  5,0  bis  10,0  aufweist  und  enthalt: 

A.  einen  Kohlenstofflieferanten  einschliesslich 
Glucose  und/oder  einen  Aminosauren-Vorlaufer, 
der  eine  von  Aminogruppen  f  reie  Saure  darstellt; 
B.  einen  Stickstoff  lieferanten,  einschliesslich  1  ) 

35  Kreatinin  und  2)  eines  vegetabilischen  Protein- 
hydrolysates  und/oder  eines  nicht-peptischen 
Milchproteinhydrolysates; 
C.  Spuren-Nahrstoffe  und 
D.  einen  Puffer. 

40 
12.  Medium  nach  Anspruch  11,  in  dem  der 

Aminosaure-Vorlaufer  des  Kohlenstofflieferan- 
ten  ein  direkter  Aminosaure-Vorlaufer  ist. 

13.  Medium  nach  Anspruch  11,  in  dem  der 
45  Aminosaure-Vorlaufer  aus  Fumarsaure,  Hydroxy- 

bernsteinsaure,  a-Ketoglutarsaure  oder  Brenz- 
traubensaure  besteht. 

14.  Medium  nach  einem  der  Anspruche  11-13, 
in  dem  zu  den  Spuren-Nahrstoffen  in  Wasser  los- 

50  liche  anorganische  Salze  gehoren. 
15.  Medium  nach  einem  der  Anspruche  11-13, 

in  dem  der  Puffer  Phosphor  enthalt. 
16.  Medium  nach  einem  der  Anspruche  11-15, 

in  dem  der  Kohlenstofflieferant  eine  Mischung 
55  aus  Glucose  und  Aminosaure-Vorlaufer  in  einem 

Gewichtsverhaltnis  von  1:10  bis  1:1,  Gluco- 
se:  Aminosaure-Vorlaufer  ist. 

1  7.  Medium  nach  einem  der  Anspruche  11-16, 
in  dem  zu  den  Spruch-Nahrstoffen  Hefeextrakt 

60  gehort. 

Patentanspriiche 

1  .  Fermentationsverfahren  zur  Herstellung  von 
Kreatinin-lminohydrolase  aus  dem  aeroben  Bo- 
denmikroorganismus  ATCC  31546,  der  in  einem 
wassrigen  Aufbewahrungsmedium,  das  Kreati- 
nin  enthalt,  aufbewahrt  wird,  unter  aeroben  Be- 
dingungen  bei  einem  pH-Wert  von  etwa  5,0  bis 
10,0  gekennzeichnet  durch  die  Stufen: 
a)  Uberfuhrung  einer  frischen  Probe  des  Mi- 
kroorganismus  vom  Aufbewahrungsmedium  in 
ein  Mikroben-Wachstumsmedium  mit  einem 
pH-Wert  von  5,0  bis  10,0  zum  Zwecke  der  Zuch- 
tung  des  Mikroorganismus,  wobei  das  Wachs- 
tumsmedium  ein  wassriges  Nahrmedium  dar- 
stellt,  das  von  Kreatinin  praktisch  frei  ist,  und 
Nahrstoffe  enthalt,  einschliesslich  eines  vegeta- 
bilischen  Protein-Hydrolysates  oder  eines  nicht- 
peptischen  Milchprotein-Hydrolysates,  das  unter 
aeroben  Bedingungen  ein  Wachstum  des  Mi- 
kroorganismus  bewirkt; 
b)  Oberfuhrung  des  Mikroben-Wachstumsmedi- 
ums,  das  den  wachsenden  Mikroorganismus  ent- 
halt  und  in  Stufe  a)  erhalten  wurde,  in  ein  Produk- 
tionsmedium  mit  einem  pH-Wert  im  Bereich  von 
5,0  bis  10,0,  um  unter  aeroben  Bedingungen  Mi- 
kroorganismen  zu  erzeugen,  in  die  eine  Kreatinin- 
Iminohydrolase-Produktion  induziert  worden  ist, 
wobei  das  Produktionsmedium  ein  wassriges 
Nahrmedium  ist,  das  enthalt: 
i)  einen  Kohlenstofflieferanten  einschliesslich 
Glucose  oder  einen  Aminosaure-Vorlaufer,  der 
eine  von  Aminogruppen  freie  Saure  darstellt, 
oder  eine  Mischung  hiervon, 
ii)  einen  Stickstofflieferanten,  einschliesslich 
Kreatinin, 
iii)  Spuren-Nahrstoffe  und 
iv)  einen  Puffer;  und 
c)  Extraktion  von  Kreatinin-lminohydrolase  aus 
dem  in  Stufe  b)  erzeugten  Mikroorganismus. 

2.  Verfahren  nach  Anspruch  1,  in  dem  der 
Aminosaure-Vorlaufer  des  Kohlenstofflieferan- 
ten  von  Stufe  b)  ein  direkter  Aminosaure-Vorlau- 
fer  ist. 

3.  Verfahren  nach  Anspruch  1,  in  dem  der 
Aminosaure-Vorlaufer  des  Kohlenstofflieferan- 
ten  von  Stufe  b)  Fumarsaure,  Hydroxybemstein- 
saure,  a-Ketoglutarsaure  oder  Brenztraubensau- 
re  ist. 

4.  Verfahren  nach  einem  der  Anspruche  1-3,  in 
dem  zu  dem  Stickstofflieferanten  von  Stufe  b) 
ferner  ein  vegetabilisches  Protein-Hydrolysat 
und/oder  ein  nicht-peptisches  Milchprotein-Hy- 
drolysat  gehoren. 

5.  Verfahren  nach  einem  der  Anspruche  1-4,  in 
dem  zu  den  Spuren-Nahrstoffen  von  Stufe  b)  in 
Wasser  losliche  anorganische  Salze  gehoren. 

6.  Verfahren  nach  einem  der  Anspruche  1-5,  in 
dem  der  Puffer  von  Stufe  b)  ein  Phosphor  enthal- 
tender  Puffer  ist. 

35 
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