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Immobilization and  Properties of  B-Galactosidases from

   Macrophomina  Phaseoli and  Sblerotium tuliparum"
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   fi-Galactosidases from  Mlicrophemina phaseoli and  Scleratium tutiparum  were  immobilized
on  porous glass beads. Thc  properties  such  as  optimum  temperaturc,  pH-stability and
behavior towards  various  metal  ions and  reagents  except  for IVLbromosuccinimide of
the immobilized  enzymes  were  similar  to those  ef  the native  cnzymes,  although K}n
values  of  the  immebilized enzymes  were  2-5 fo1cl higher than these  of  the  native  enzymes,

The  sutstrate  specificities  of  the  immobilized enzymes  were  similar  to those of  the native
enzymes,  but the  immebilizcd enzyme  from  M.  PhaseeE showed  higher relative  activity

towards  whey,  lactosc, and  skim  milk  than the native  enzyme  did. Immobilized  en-

zymes  from  M.  Phaseoti and  S. tttliparam retaincd  1oo%  ar)d  78%  of the original  activities,

rcspectively,  after  being kept for twe  months  at  pH  5.0 and  370q  whereas  the native

enzymes  from  M.  f"iaseoJi and  S, tuliparum showed  62%  and  6%  of  the original  activities,

rcspectively.  Both  immobilized enzymes  could  be uscd  repeatedly  10 time's witheut
any  activity  loss. These  results  suggest  that the immobilized enzyme  from  ML  phaseoli is
suitablc  for hydrolytic cleavage  oflactose  in dairy products.

   An  immobilized fi-galactosidase may  be usefu1  to  hydrolyze lactose contained  in
dairy products, because lactose-free milk is an  important nutrient  source  for infants suflbring
from lactose intolerance. Immobilization of  fi-galactosidase was  carried  out  by  using  porous
cellulose  sheet,i>  ccllophane  sheet,2)  polyacrylamide,3) fibre,4) and  glass beads.5-7) Previ-
ously,  we  showed  that  fi-galqctosidases from Macrophomin,a Phaseoli and  Sblerotium tuliparum
can  be utilized  as  therepeutic agents  for lactose intolerance.8> In an  attempt  to apply  them
to the  hydrolysis of  lactose in dairy prgducts, the  enzymes  from M.  Phaseoti and  S. tuliparam
were  immobilized en  porous glass. Porous glass was  selected  as  a  solid  suppert,  because
it is resistant  to attaek  by microorganism's  and  has enough  mechanical  durability, appro-

priate pore size  and  a  relatively  big surface  area,  and  also  q high flow rate  can  be obtained
in the column  reaction,  Some  properties, action  patterns and  continuous  enzyme  reaction

of  the  immobilized enzymes  are  described in this paper.

Materials and  Methods

   Enzymes  and  reagents  fi-Galaetosidase frem  M.  PhascoE and  fi-galactosidase I from  S. tuliparum werc
purified to a  homogeneous  state.",iO)  e-Nitrophenyl  fiLD-galactopyranoside (ONPG), P-nitrophenyl P-D-galacto-
pyranoside (PNPG), and

 
lactose

 were.purchased  from  Nakarai Chemical Co. (Kyoto). Glass beads (particle
size  1OO-200  mesh,  exclusion  limit 5ooA,  internal porous volume  35-40%>  were  obtained  from  Bio-Rad Labor-
atories  (Ca]i£ , USA).  y-Aminopropyl  triethexysilane  and  rnilk  were  products ofTokyo  Kasei Co. Ltd. and  of

Melji Nyugyo  Co. Ltcl. (Tokyo), respectively.  Skim  milk and  whey  wcre  prepared  according  to the methods  of

Sukegawa,ti) The  ]actose content  of  thern was  adjusted  to 4%,  and  they were  used  after  stcrilization  at  70ea
for 10 min.

*
 This work  is part CXXXIV  efa  series  cntitled  

"Studies
 on  Enzymes"  by  M.  Sugiura.
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  Enzyme  assay

1) Activity towardr OIVPG  Native fi-galactosidase activity  was  determined by the  methods  described pre-
viously.B)  Immobilized  enzyme  activity  was  determined as  fo11ows: A  reaction  mixture  containing  1,Oml ef

5mM  ONPG,  1.0ml of  O.1M  HCI-Na-acetate buffbr (pH 2.0) for the Scleretium enzyme  or  O.1M  acetate

buflbr (pH 5.0) for the Mbcrophomina enzyme,  O.5ml of  water,  and  a  suitable  amount  ofimmobilized  enzyme

(usually S mg)  was  incubated at  37eC  for 10min  with  mechanical  shaking,

2) Actiaity towards  lactose, shim  milk,  and  whe7  Activity of  the  native  enzyme  was  determ{ned according  to

the methods  described previously,D} Activity of the immobilized enzyme  was  measured  as  fo11ows: A  reaction

mixture  containing  2,Oml  of  4%  lactose, skim  milk,  or  whey,  2,O ml  of  the same  bufler described above,  1 .0 ml
of  water,  and  immobilized enzyme  (usually 20 mg>  was  incubated for 1Omin at  37eC with  mechanical  shaking.

Then  O.2 ml  of  the reaction  mixture  was  incubated with  5.0ml  of  Blood Sugar Color Test Solution (TC-III,
Boehringer, Germany)  at  25eC  for 1 hr and  the absorbance  at  430nm  measured.  One  unit  of  the  enzyme

activity was  defined as  the amount  ef  enzyrne  which  liberated 1pmole  of  e-nitrophenol  and  D-glucose  per
minute. D-Glucose  obtained  from the substrates  by the co!umn  reaction  was  also determined with the Blood
Sugar Color Test reagent.

   Preparation  of  immobilized  enzyme  Immobilized  enzyme  was  prepared according  to the  methods

ofRobinsoni2)  with  minor  modifications.  Porous glass beads were  dried by heating at  500eC for 2 hr. The  glass
was  refluxed  in 2%  7-aminopropyl  triethoxysilane  in acetone  at  45eC  for 24hr. The  aminoalkylsilane  glass
(1 g) thus  obtained  was  placed in a  cold  1%  aqucous  solution  ofglutaraldchyde  and  shaken  for 24 hr at  4CO. The
derivative was  rinsed  and  suspendcd  in 5ml  of  O.05M  phosphate buffer (pH 7.0) containing  an  appropriate

amount  of  the enzyme  (2-20 mg).  After shaking  for 24hr  at  4eC, the beads were  washed  thoroughly with O.5 M

NaCl  and  then  with O.05 M  acetate  buffer (pH 5.0) until  activity  was  no  longer detectable in recovered  solutions

bywashing. Theimmobilizedenzymes werekeptin  O.05Macetate buffer (pH 5,O> at  40C. The  calculation

of  the  ameunt  of  the  enzyme  bound  te the  glass was  based on  the difference in pretein content  between  thc

protein added  and  that  in recovered  solutions  by washing.  Protein was  determined by the  method  ofLowry.iS)

Results

   Amount  of  bound  enzyme  and  activity  The  relationship  of  the  activities  of

added  enzyme  and  bound  enzyme  was  determined (Fig. 1). The  amount  of  protein bound
to glass increased with  increasing amounts  of  added  enzyme.  When  20mg  ofthe  enzyme
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Fig. 1. Activity, amount  and  specific  activity  of  immobilized fl-galactosidases
  from ML Phaseoli and  S, taliparttm.

  Specific activity  of  the immobilized  enzymes  is expressed  as  the  percentage

  of  that of  the nativc  enzymes.  Activity was  measured  by  using  ONPG
  under  standard  conditions.  Specific activity  of  the native  enzymes  was  1oo

  units/mg  for M.  Phaseoli and  230unitsImg  for S. taliparum.

  Activity of  itnmobilized enzyme,  
-O-,

 M.  Phaseeli; 
-A-,

 S. tutiparum

  Ameunt  of  immobilized enzyme,  -O-,  M. Phaseeti; 
-A-,

 S. tutipar#m
  Specific activity, -e-,  M.  Pnaseeti; 

-A
 , S. tutiparum.
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was  added  to 1 g of  glass, the  amount  ofbound  protein was  12.7mg  (63%) for the  Macro-

Phomina fi-galactosidase and  17.7mg  (88%) for the  Stlerotium enzyme.  Hewever, specific

activities  of  the  bound  enzymes  decreased from 52%  to 160/, for M.  Phaseoli and  from 48%
to  28%  fbr S. tuliparum, when  coMpared  with  the  native  enzymes,  according  to the  increase
of  the amount  of  the enzymes  added.  With  regard  to the immobilized enzyme  from
M.  Phtzseoli, the  maximum  activity  (355units/g glass) was  obtained  with  the  addition  of

12-I6mg  of  the  enzyme.  This phenornenon  may  be due to the  diffusional limitation of
the substrate  andlor  the  product, conformational  changes,  and  denaturation of  the  enzyme.

    Properties  of  the  immobilized  enzymes  Properties of  the immobilized enzymes
were  compared  with  those  of  the  native  enzymes,  and  the  results  are  presented in Table 1.
The  optimum  pH  of  the  immobilized  enzyme  from  M.  phaseoti was  pH  5.0, but that  of  the

bound  enzyme  from S. tutiparum was  pH  2.0, the  same  as  the  native  enzyme.  The  optimum

temperatures  of  these  two  immobilized  enzymes  were  the same  as  those  of  the  respective

native  enzymes,  i.e. 600C  for M.  phaseoli and  530C  for S. tuliparum. The  stable  pH  range  of

the  immobilizcd enzyme  from M.  phaseoli was  almost  the  same  as  that  of  the  native  enzyme.

The  bound  enzyme  from S. tuliparum was  stable  in a  pH  range  of  2.5 to 6.0, showing  a

slightly  wider  pH  range  than  the  native  enzyme.  The  

'thermal
 stability  of  the  bound

enzyme  from M.  Phaseoli was  lower than  that  of  its native  enzyme,  while  the immobilized
enzyme  from S. tutiparum showed  the  same  thermal  stability  as  its native  enzyme.  Differ-
ences  of  the  behavier to  metal  ions and  reagents  of  the enzymes  were  not  seen  before or

after  immobilization, except  fbr IVLbromosuccinimide  (NBS). The  eflbct  of  NBS  on  these

two  immobi]ized enzymes  was  weaker  than  that  on  the  native  ehzymes.

    K.  and  Vnt of  the  immobilized  enzymes  The  K.  and  V- values  of  the native

and  immobilized enzymes  were  determined and  the results  are  shown  in Table  2. For
ONPG,  the  Knt values  ef  the immobilized enzymes  from  M.  Phaseeti and  S. tutiparttm were
2-4 fold higher than  these  of  the native  enzymes.  The  Kn  values  for lactose were  also  3-5
fbld higher those  of  thc native  enzymes.  The  V;n values  of  the  immobilized enzyme  from
M.  Phaseoti 

･were
 56%  for ONPG  and  65%  for lactose, and  the Vk values  of  the bound

'Table  1.Properties of  immobilized fi-galactosidases from M. Phaseeli and  S. tuliparum.

Property
Mbcrophomina enzyme Sclbrotium enzyme

  'natlveimmobilized
nativcirnmobilized

Optimum  pHa)  s.O

Optimum  temperatureb)  600C

pH-stabilityC' 4.0--8.0

Thermal  stabilityd)  550a

Inhibitor (1 mM)e)

 metal  ion (Hg++) 70%

 reagcnt  (NBS) O%

       {I2) 70%

  4.0

 600C4.0--8.0

 4sec

60%61%70%

  2.0 2.0

 530C  53ea

3.0-li.6.0 2.5--6.0

 ssoc  ssec

o% io%

a)  Enzyme  assay  method  a)  except  for various  pHs  ofBritton-Robinson  bufler.
b) Enzyme  assay  method  a)  except  various  temperatures  and  15min  reactien.

c) Britton-Robinson buffer, 37"C, 3hr.
d) The  enzyme  was  kept in O.05M  acetatc  buflbr (pH 5,O) foT 30min  at  varlous

  temperatures  and  showed  more  than  90%  of  the original  activity  at  the  in-
  dicated temperature.
e)  The  enzyme  was  incubated with  1 mM  meta1  ions or  reagent  (pH 5.0, O.05 M
  acetate  bufler) for 30miR  at  37eC  and  the remaining  lactivity was  measured

  by using  ONPG,
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Table 2.K.  and  V.  of  immobilized  fi-galactosidases from  ML  Pnaseeti and  S. tuliparum.

Km  (mM) Vhe (unitslmg enzyme)

Sutstrate
Macrophomina

oNpG  lnative
      {immobilized

Lactose inative
      timmobilized

 O,52

 1,Ol5se

Sclerotium lhcrophemina Sblerotium

 L4

 6.72074

125

 70(O.56)

10568(O.65)

428469(1.10)

103

 78(O.76)

Data in parentheses are  fi l' (immobiiiidi enzyme)IVMh:  (native enzyme),

Activity was  mcasured  with  a  concentration  of  O.2-4 mM  ONPG  or  3.3--100 mM
lactose by the  methods  described in the  texL  Irnmobilized enzymes  used  con-

tained  6.4 mg  proteintg glass for Ml Phaseoli and  7.7mg protcin for S. tuiiparwm.

enzyme  from S. tuliparum were  110%  fbr ONPG  and  76%  for Iactose when  compared  with

the. Vin values  of  the  native  enzymes.

    Activity  of  immobilized  P-galacto$idases towards  various  substrates  To
determine whether  the  substrate  spe ¢ ificity was  changed  by immobilization, activities of

native  and  immobilized enzymes  towards  various  substrates  were  examined.  As shown

in Table 3, immobilized  fi-galactosidase from M,  Phaseoti showed  slightiy  higher activity
towards  whey,  skim  milk,  and  lactose than  the  native  enzyme  did, On  the  other  hand,
the  bound  enzyme  from  S. tuliparum hydrolyzed  whey  at  a  IoWer rate  than  the  native

enzyme,  while  PNPG,  skim  milk  and  lactose were  hydrolyzed at  a  higher or  the same  rate.

    Stability of  immobilized  enzymes  after  repeated  use  To  investigate the

outcome  of  repeated  use  of  glass-bound enzymes  in a  batch system,  the  stability  of  the

enzymes  was  examined.  A  mixture  of  O,1M  HCI-Na-aeetate buflbr (pH 2.0) for the

Stleretium enzyme  and  O.1 M  acetate  bufTbr (pH 5.0) for the  Muerophomina  enzyme,  22.5 mg
of  ONPG  and  the  imrnobilized enzymes  (lOmg), in a  total volume  of  i5 ml,  was  incubated
for 10min  at  370C with  shaking  and  then  fltered. The  residual  immobilized  enzymes  were

washed  with  water,  and  again  incubated under  the  same  conditions  as  above  and  the

interval between each  use  was  15min. The  results  indicate that  the  immebilized enzymes
were  very  stable  after  the  10th repeated  use,  showing  thc  original  actjvity,  and  that  they

Table 3. Actlvity of  immebilized fi-galactosidases from  M.  Phaseoli and

   S. tatiparum towards  varlous  substrates,Activity**

Subetrate(aonc.) 1lfltcrophemina enzyme Sbteretium enzyme

  .natlveimmobilized   'natlveimmobilized

ONPG  (2mM)
PNPG  (2mM)
Lactose (1.6%)
Whey  (r.6%)
Skim milk  (1.6%)

1oo(loo)*
ee73en33

1oo(45)*85

 789S

 37

100(230)*

 33128

 11

1oo(76)*

 6
 35

 16
 ll

 
*
 SpecMc  activity  (unitsXmg protein).

**
 Activity towards  ONPG  was  taken  as  100%.

  Immobilized  enzymes  used  contained  6.4mg  proteinlg glass for M.

  Phaseoti and  7.7 mg  protein/g  glass for S. taliparum.



The Society for Bioscience and Bioengineering, Japan

NII-Electronic Library Service

The  Society  forBioscience  andBioengineering,  Japan

Vol. 55,1977] Immobilizatienoffi-Galactosidase 579

-R-!E't-geg=

              
                       Reclprecalotflovtrate[miniml)

Fig.  2. Relation bctween  flow rate  and  P-galactosidase activity.

   Immobilized  enzymes  (2mg pretein/g glass) were  packed  in jacketed
   columns  (l.5× 1cm)  and  maintained  at  S7eC. Lactose, whey,  and  skim

   milk  solution  (1.6% in O.05M  acetate  buffer, pH  5,O for the Mbcrophomina

   enzyme,  or  in O.05 M  HC]-AcONa  buffer, pH  3.0 for the Sclerotium cnzyme)

   were  passcd through  the column.  D-Glucose  formed by the  column

   Teaction  was  determined with  Blood Sugar Coler Test Reagent.

   M, Phaseoti enzyme:  
-O-,

 Lactose; -e-,  Whey; -O-.  Skim milk,
   S. tutiparum enzyrne:  

-A-,
 Lactese; -A-,  Whey.

are  therefore  suitable  for repeated  usc.

    Hydrolysis  of  lactose, whey,  and  skim  milk  with  immobilized  enzyme  in
a  column  The  immobilized enzyme  was  packed  into ajacketed  column  and  maintained

at  370C. The  substrate  solution  was  then  passcd through  the column  at  various  flow rates.
As  shown  in Fig. 2, the Macrophomina enzyme  hydrolyzed whey  most  rapidly,  but lactose
was  hydrolyzed  faster than  whey  by the  Sclerotium enzyme.  In the  column  reagtion,  the

Masrophomina enzyme  was  found to be more  suitable  than  the Sclerotium cnzyme.  These
results  are  cemparable  with  the  results  shown  in Table 3,

    A  continuous  enzyme  reaction  was  cxamined  with  immobilized  enzyme  from M,

Phaseoti. The  immobilized enzyme  (200mg; 60 units)  was  packed  into a  jacketed column

(1.5× 1.6cm)  and  maintained  at  370C. 40%  whey  solution  bufferized with  O.05 M  acetate

bufll)r (pH 5.0) was  passed through  the  column  at  a  flow rate  of  4ml/hr.  The  enzyme

column  was  very  stable  even  after  10 days, retaining  the activity  observed  at  the  beginning.

    Stability of  imrnobilized  enzymes  with  time  With  regard  to the  continuous

enzyme  reaction  in a  column,  the stability  of  the immobilized  enzymes  during a  peried of
two  months  at  370C  was  also  examined,  The  results  are  shown  in Fig. 3. The  immobilized
enzyme  was  more  stable  than  its native  enzyme.  The  bound  enzyme  from  M.  Phaseoti
retained  the  original  activity  even  after  two  menths.

i

;i-)-:ggEk-Eecr

Time Cday)

Fig. 3. Stability ofirnmobilized  fi-galactosidases from

   ?lf, Phaseoli and  S. tuliparum.

   The  immobllized enzymes  were  kept in O.05M

   acetate  buflbr (pH 5.0) at  370C.

   M. Phaseeli enzyme:

      
-0-,

 Native; -e-,  Immobilized.

   S. tutiparum enzyme:
      

-tSih,
 Native; -A-:,  Immobilized.
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Discussion

   When  20mg  of  the enzymes  were  added  to  1 g of  glutaraldehyde glass, the  amount

of  the  enzymes  bound  to  the glass was  l2.7mg for the  Macroophomina enzyme  and  1 7.7 mg  for
the Sl lerotium enzymc.  These values  are  similar  to the  value  for the ltscherichia coli  enzymei2)

and  higher than  the  binding value  of3-7mg  in AspeTgi'ltus niger.S,9)  The  specific  activity  ofthe

bound enzymes  deereased with  increasing amounts  of  the  added  enzymes.  The  K.  values

of  the  bound  enzyme  from M,  phaseoli were  274 fold higher of  these  of  the  native  enzyme

and  Pln values  were  56-65%  compared  with  the  native  enzyme.  On  the  other  hand, the
immobilized  enzyme  from S. tuliparum shQwed  2-5 fbld higher 1<m values  than  the native

enzyme  and  Vin values  were  110%  for ONPG  and  76%  for lactose. These results  suggest

the possibility of  diffiJsional limitation, conformational  changes  and  denaturation. of  the

enzymes  caused  by immobilization, The  Kin values  of  immobilized  enzymes  were  2-5
fold higher than  the  native  enzymes,  but it is reported  that  the  Km  value  of  the enzyme

from  A. niger  attached  to perous  glass did not  vary  befbre or  after  immobilization.5}
Action patterns of  both the  enzymes  were  slightiy  aflbcted  by  the  immobilization. In case

ofthe  Masropfiomina enzyme,  immobi]ization led to a  slight  increase in the rclative  hydrolysis
rate  for whey,  lactose, and  skim  milk  and  these results  diflered from the  results  that using

immobilized S-galactosidase made  it hard to hydrolyze whey  and  skim  milk  because of

interference by  solid  materials  ln them.ii,i4}

    In conclusion,  the  properties of  fi-galactosidases from M.  Phaseoti and  S. tutiparum did
not  vary  to a  great cxtent  by immobilization, although  the  specific  activity  was  lowered
and  the  Km  value  increased. Stability of  the enzymes  at  370C increased after  fixation. The
immobilized enzyme  from  M.  phaseoti efTbctively  hydrolyzed lactose, whey  and  skim  milk.

These results  suggest  that  the  immobilized fi-galactosidase from M.  Phaseoli is usefu1  for
hydrolytic cleavage  of  lactose in dairy products.
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