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   To  improve  L-alanine  production from  L-aspartic  acid  by immobillzed Rse#tlontonas
`lacutillae cells,  the stabilization  of  L-aspartatc  B-decarboxylase activity  of  the immobilizcd
cells  was  investigated.

   When  P. dacttnliae cells  from  thc statienary  growth-phase wcre  used  for immobili-
zation,  the  operational  stability  of  thc  enzyme  activity  of  the cclls  immobilized with
t-carrageenan  and  treated witli  glutaraldehydc was  found to be highest. When  im-
mobilized  cells were  treated  with O.4 M  glutaraldehyde in thc presence of  O.4-O.5 M
L-Iysine,  a  very  stable  immobilized preparation was  obtained,  the cnzyme  activity

having a  halfllife of  about  1oo days at  370C, Further, the activity  at  alkaline  pH  was

improved  by  one-fourth  over  that  at  the optimum  pH.

  The  application  of  irnmobilized microbial

gells for transformation  oforganic  compounds

is a  subject  of  increasing interest." We  are

industrially producing L-aspartic  acid  and

L-malic  acid  by using  immobilized Escherichia
coli'-`' and  immobilized BrevibacteriumYlavum,t}
respectively.

  In the  previous paper,') we  described the

continuous  prgduction of  L-alanine  from L-

aspartic  acid  by using  the L-aspartate  B-
decarboxylase (EC 4.1.1.12) activity  of

Rse"domonas dacuniae cells  immobiiized  with

x-carragecnan.

  To  further improve L-alanine  production,
we  investigated methods  to stabilize  the

enzyme  activity  and  to increase enzyme

activity  at  alkaline  pH.

MaterlalssudMethods

 MsLtctials x-Carrageenan  was'  obtained  from
Sansho  Co. Ltd., Osalta. Meast  (extract from bcer
yeast) was  obtained  from  Ebiosu Pharrnaceuticals Co.

Ltd.

  outdreefP.dacunhue  Forculturcofllseudu-
monas  ducunhae IAM  1152, the medium  (pH 7.3) con-

tained  3.2%  sodium  L-glutamate,  O.5% Meast, O.05%
KHsPO,,  and  O.Ol%  MgSO`･7HsO. The  rnicro-

organism  was  inoculated in 70 ml of  medium  in a

5oo-ml shaking  flask, and  shalce-cultured  at 300C for
24--40 hr. Cells were  colltcted  by  centrifugation  and

suspended  in cell  fbee broth to a  50%  (wlv) concen-
tration  for immobilization.

  IrnmebilizatioiofP.dcreunhaeetlls  Portions
of68  ml of5%  (Svlv) N-cartageenan  solution  in O.9%
Naal  and  32 ml of  the  cell suspension  werc  mixed

thotoughly  at  45eC, and  the  mixture was  cooled  to 5eC
to form a  gel. To  increasc the gel-strength, the  gel was
soalced  in 5oo ml  of  2%  KCI  solution  at  5eC for 16 hr.
Thc  resulting  rigid gel was  cut  into cubes  of  3 mm  and

thoroughly  washed  with  2%  KCI solution.

  Ghittraldehlrde treatrnent  af  imobilized  cells

ind  nctivetion  Irumobilized cells  (6.3 g) wcre

suspended  in 20 ml  of  O.2 M  buffer solution  containing

KCI  and  hexarrrethylenediarnine or L-1ysine, a  fixed

volume  of  2.5 M  glutaralclehyde solution  was  aclded

te a  final concentration  of  O.e25--1.0 M,  and  the
mixture  was  shaken  for 10--60  min  at  10"C. Then
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the  immobilized cclls  were  cellected  by  filtration and

thoroughlywashedwith2%KCIsolution,  Toactivate'

the immobilized cells,  they  wcre  incubated at  370C  for'
44 hr in 30 ml of  substrate  solution,  which  contained

1 M  arrunonium  L-aspartate  and  O.1 mM  pyridoxa1

phosphate <pH 5.5).
  Assay  ef  L.aispsrtate B-deedrl,otylase adi{vi'ty

Intact celts  : TQ  O.Q2 g of  intact celJs  was  addf.d  3 ml  of

the substrate  s61utibn,  and  the inixture was  shaken  it
37eC for 1 hr, then  heated at  1ooeC for 5 min.  L-

Alan{nc formed was  determined  by  bioassay with

Leucenestoc citrovontm ATCC  8081.e)

  Immobilized  cells:  Immobilized  cclls  (6.3 gi cor-

responding  to 1 g of  intact cells)  were  incubated with

30 ml  of  the  substrate  solution  under  shaking  at  37eC

for 1 hr. After rcmoval･of  the-  gel ･by filtratiotil L-

alanine formed  was  determined,

  One  unit  of  enzyme  is defined as  the amount  of

cnzyme  that  forms 1' ptmblc of  balanine  per  minutc.

  Continuous enzyrne  reaction  using  colutnn'

Immobilized  cells  (6.3 g) werc  packed  into a  colurim

(diamcter, 1.2 cm;  lcngth, 9 cm>.  A  solution  of  2 M

ammonium  L-aspartate  (pH 6.2) containing  O.1 mM

pyridoxal phosphate was  centinuously  passed upward

at  a  retention  timc of  3.3 hr at  37eC. To  dctermine

the  enzyme  activ･ity  of  the  column',  the eMuent  was

collected  at  a  retention  t{me  of O.5 hr, and  L-alan{ne

produced  in thc cMuent  was  measured.

Table. 1. Effect  of  cultivation  time  on  the activity  and

   the operational  stability  of  L-aspartate  P-dccarbe-
   xylase  of  immobilized P. dacttnhae cells.

Culti- Ccll  ,vatlon

 wet

time weight

 (hr) (mgt･tnl)

SpecMc activity

(unitsig wet  ccll)

Intact Immobilized
     cells*cellS

HalfLlife**
at  37ec

(day>
2024283240･18r521.521.420.820.017722522022521798114106111l1831os"3030

Results  and  Discussion

  Effbct of  eultivation  time  on  enzyme

activity  and  operational  stability  To

apply  the  immobilized enzymes  and  im-

mobilized  microbial  cells  to  industrial pro-
duction of  usefu1  erganic  compounds  ltequires
high ehzyme  activity and  good operational

Stability of  the  actlvity,

  In the.case  of, the  fumarase, actiyity  of

B. flavum .immobilized  with  ,rc-carrageenan,
t-he most  stable-  preparatien was  obtained  by

immebilization  Qf  cells  in the  stationary

growth-phase.') Therefore, wc  investigated

the' efThgt  of  eultivatien  time of  P. ducutihae

on  the  L-asPartate'  B-dec4rboxylase activity

and  opeTational  stability  of  the immobilized
preparation. Table 1 shows  that  the  enzyme

activities  of  lntact cells  cultivated  ,for 21 hr

or  more  and  of  immobilized  preparations of

these  cells  varied  little with  gultiyation time.

However, the immobilized cells  cultivated

for 2"28'hr,-which  correspo/nds  to  the

*  P. ducttnhae cells  were  immobilized  as  described

  in the text and,  treated  with O.1 M  glutaralde-
 hydc ip O.2 M  acetate  buffer (pH 6) containing

  2%  Kai  at  10QC  for 10 min.
#Estimated  by assuming  expenential  deeay of  the

  acUvlty  rs.  tlme.

stationary  growth-phase, showed  higher

operational  stabilit･y. In subsequent  im-
mobilization  experiments,  cells  of  24-hr
cultivation  were  used.

  Effect of  hexam6thylenediamine  fbr

glutaraldeEyde  treatrnent  on  enzyme

activity  .and  operatiQnal  stability

When  E. 
'coti

 irrini6bilized with  "-carrageenan

was  treated  wlth  glutaraldehyde in the

presence of  hexamethylenediamine,  the

operational  stability  of  the  aspartase  activity

ofthe  immobilized  p'reparation was  d. oubled.`)
In the case  of  the  {mmobilized P. dacanhae,

all immobilized  preparati6ns treated  .with

glutaraldehyde in''the presence ofhexamethyl-
enediamin6  at  various  pHs  showed  similar

enzyme  activity  but higher oPerationa}

stability  (Table 2) in comparison  with  non-

treated  preparations, In particular,. thc

oberational  stability  of  the  gels was  .increased

by abouF  50%  by  the  glutaraldehyde treat-
ment  at pH  7.

  The  eflbct,  of  the glutaraldehyde con'cen-

tration and  treatment  time  on  the enzyme

activity  and  the  operational  stability  of  the

immobilized preparation was  investigated

(Table 3). On  treatment  w{th  glutara!-
dehyde at concent;ations  ef  O.05 M  and  Iess

in the preserice of  O.1 M  hetiamethylenedi-

amine,  high ac,tivities  were  retained  and  the

operational  stabilities  were  similar  to that  on

treatment  with  O.1･ M  glutaraldehyde in .the
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Table 2. Effect ofpH  in hexamethylencdiamine-

   glutaraldchyde treatmerit  on  activity  and  opcr-

   ational  stability  of  L`aspartate  B-dccarboxylase
   ofimmobilized  P. docttnhas cells.

pH'
Specific activity
(unitsIg wet  cell)

HalPlife
 (day)

56789 1201111281241co 4859726059

*
 Thc immobilized preparations were  treated  with

 O.1 M  glutaraldehyde in O.2 M  buffer solution

 (pH 5, 6: acctate,  7: phosphate, 8, 9: phosphate-
 borate) containing  O.1 M  hexamcthylenediamine
 and  2%  KCI  at  rO'C for 10 min.

absence  of  the diamine  (data not  shQwn).

  On  treatment  with  O.1 M  glutaraldehyde
in the  presence of  O.1 M  hexamethytene-
diamine, enzyme  activities  decrcased while

operatlonal  stabilities  increased. The
glutaraldehyde treatment  for 30 min  gave the
maximum  value  of  halfiIife, i.e. 81 days,
together  with  a  small  decrease of  the  enzyme

activity.  The  effbct  of  hexamethylenediamine
in glutaraldehyde treatment  is thought  to be
tighten  the  cross-linkage  of  the  cell  wall  and

rc-carrageenan  matrix,  thus  preventing
leakage of  the  enzyme  from the  cells  and  the

gel matrix.  However, treatment  with  O.2 M
glutaraldehyde in the  presence of  O.1 M
hexamethylenediamine caused  a  sharp  fall in

Table
 
3.
 Effl:ct ofglutaraldehyde  treatment  in the presence ofhexamethylenediamine

   pr L-1ysinc  on  activity  and  operational  stability ofL-aspartate  i9-decarboxylase of

   immobilized  P. deonnhae cells.

Concentration (M) Specific activity

(imitslg wet  cell)

Halfllife
Hexamethylenediarnine or

L-lysine
Glutaraldehytiei (day)

o o 167 14
Hexamethylenediammc

O.1

O.4

L-Lysine

      
･
 O.2

e.4

1.0

O.025O.05O.lbO.1O.lcO.2O.1O.2O.4

O.2O.3O.2O.3O.4O.51.0O.51.0

1481591281061022513510850

105108lll11612011258･120108

oo41728153"co45.d

"42as

 67103102-d7578

'
 
The

 
immobilized

 prcparations were  treated  with glutaraldehyde
 phosphate bufiler (pH 7) containing  2%  KCI  at  leOC.
b
 Treatment  time,  10 min.

c
 Treatment  time,  60 min.
d
 Halftlife was  not  determined.

for 30 min  in O.2 M
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the enzyme  activity.  Treatment with  O.1-

O.2 M  glutaraldehyde in the' presence of

O.4 M  hexamethylenediamine gave similar

enzyrne  activities to  those  obtained  with

O.1 M  glutaraldehyde in the  presence of

O.1 M  hexamethylenediamine, but lower

operational  stabilities.  And  treatment  with

O.4 M  glutaraldehyde in the presence ofe,4  M
hexarnethylenediamine  also  caused  a  sharp

drop in the enzyme  activity.

  Effbct of  L-lysine  in glutaraldthyde
treatment  on  enzyme  activity  and

operational  stability  In the  batchwise
decarboxylation reaction  catalyzed  by im-
mobilized  cells, the  pH  of  the  reaction

mixture  increased from 5.5 to 9.0 due to the

liberation of  carbon  dioxide. Consequently,
to produce L-alanine  eMciently,  an  immobiliz-
ed  preparation with  high activlty  at  alkaline

pH  is required.  When  an  enzyme  is bound
to a  polyanionic carrier,  the  optimum  pH  for
the  enzyme  reaction  generally shifts  to the

alkaline  side.g)  Therefore, we  fixed L-lysine

into the  gel matrix,  since  L-lysine  has two

amino  groups, which  can  interact with

glutaraldehyde similarly  to those  of  hexa-
methylenediamine,  and  one  carboxyl  group,
which  may  make  the  microenvironmental  pH
within  the  preparation more  acidic.  Then
we  investigated thc eflbct  of  glutaraldehyde
treatment in the  presence of  L-lysine  on  the

enzyme  activity  of  the  immobilized  P.

dacunhae and  its operational  sitability.
  Glutaraldehyde treatment  at  O.2-O.3 M

in the  presencc of  O,2 M  L-lysine  aflbrded

operatlonal  stabilities  similar  to that obtained

with  O.1 M  glutaraldehyde in the  absence

of  L-lysine  (see Table  1). However,  treat-

ment  with  O.4--O.5 M  glutaraldehyde in the

presence of  O.4 M  L-lysine  increased the

halfllife to 100 days. Higher  concentrations

of  O.5-1.0  M  glutaraldehyde in the  presence
of  1 M  L-lysine  did not  further enhance  the

operationai  stability.

  Effect of  pH  on  enzyme  activity

Figure 1 shows  the  effbct  of  pH  on  the  enzyme

activity  of  various  immobilized  P. dacumbae
       .
PreParatlons.
  The  pH  activity  curve  of  the  preparation
treated  with  O.1 M  glutaraldehyde Sn the

[J. Ferment. Technol.,
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Fig. 1. Eflect of  pH  on  L-aspartate  B-decarboxylase
   activity  of  various  immobilized P. daouniae prepara-
   tions.

   The  enzyme  activity  ofthe  irnmobilized cells  was

   dctermined with  1,O g of  immobilized cells  in 10
   ml  of  I M  phosphate buflhr (pH 5.5Av9,O) contain-
   ing O.4 M  ammonium  L-aspartatc  and  O.1 mM

   pyridoxa1 phosphate.
   Symbols: e, treated  with  O.1 M  glutaraldehydc in

   the  presence of  O.1 M  hexamethylenediamine  at

   pH  7 for 3e min;  A,  treated  with  O.4 M  glutaral-

   dehyde  in the  presence of  O.4 M  L-lysine  at  pH  7

   for 30 min;  [], treated  with  1 M  glutaraldchyde
   in thc  presence of  1 M  L-lysine  at  pH  7 for SO min;
   O, not  treated.

presence ofO.1  M  hexamethylenediamine was
of  similar  profile te that  of  the nontreated

preparation. On  the  other  hand, the pre-
parations treated  with  glutaraldehyde in the

presence of L-lysine  showed  higher activity

at  alkaline  pH. Furthermore, the  optimum

pH  for enzyme  reaction  of  the preparation
treated  with  1 M  glutaraldehyde in the

presence of  1 M  L-lysine  shifted  from 6.0 to
6.5. This shift  ofpH  activity  curve  may  be
attributable  to the  carboxyl  group of  L-lysine

fixed within  the  immobilized preparation.
Consequently, the  immobilized  preparation
treatcd  with glutaraldehyde in the presence
of  L-lysine  was  superior  with  regard  to  enzyme

activity  and  operational  stability  to that

treated  with  glutaraldehyde in the  presence
ef  hexamethylenediamine.

  We  are  now  investigating a  reactor  system

fbr continuous  production of  L-alanine  from
L-aspartic  acid  by immobilized  P. dacunhae
cells  treated  with  O.4 M  glutaraldehyde in the

presence of  O.4 M  L-lysine,  which  is superior

to those  treated  with  1 M  glutaraldehyde in
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the presence of  1 M  L-lysine  with  regard  to

activity  and  operational  stability.
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