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Kinetics of Enzyme Adsorbed on Adsorbent

- Shoji Usami and Harumi Shirasaki

(D partment of Applied Chemistry, Faculty of Science and Engineering,
Waseda University, Nishiokubo, Shinjuku-ku, Tokyo, Japan)

Glucoamylase was adsorbed on an adsorbent in order to obtain insoluble enzyme. Through
the reaction catalyzed by the enzyme-adsorbent complex, a part of the adsorbed emzyme
eluted from the adsorbent, but the rest still remained on the surface of the adsorbent.
The activity of both parts of enzyme decreased in comparison with that of native one. More-
over, about the kinetic constants, an increase in the Michaelis constant and a decrease in the
maximum velocity were observed. Althogh it is reasonable that the activity of the enzyme
adsorbed on the surface of the adsorbent should decrease, varying its dimensional structure,
it was found that the eluted enzyme was also slightly denaturated. The behavions of both
adsorbed and native enzymes were almost the same in case they were inhibited by mercuric
acetate. It was assumed that the mechanism of inhibition of the adsorbed enzyme was
similar to that of the native one. With a decrease in molecular weight of the substrate,
the Michaelis constant increased, but the maximum velocity remained constant. The
difference in kinetic constants between the adsorbed enzyme and the native one became
smaller with a decrease in molecular weight of the substrate. It was assumed that the
influence of the steric hindrance by the adsorbent on the smaller substrate was in-
significant.
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BIEDEICH D05 EBbh 3. UFIE DR
BB OHERAERE T 5.

£ B ¥ &
L OBE WROVIT T (REERE O
2 BT R L1,

2. BB TWEWTFVSVOKEREERLE. T
DT v 7" V15K 10 ml [TEERK 2ml 2Nz -
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B, a) REAMSEEZRIFICRF TS, b) K
ARSI TH B I a—ZERELIINT &, HERR
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Fig. 1. Adsorption by mixed adsorbent.
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Fig. 2. Adsorption of enzyme by adsorbent.
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%, 100 B0 EAEBZ 28 (3) Tk RFESR-
TdEEZ TR, (2) OFG%E RRFEEIRE,
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Table 1. Relation between saturation degree of
adsorbent with enzme and activity.
Saturation degree Activity
of adsorbent with Glucose / ml Enz. soln.
enzyme (%) mg | adsorbed
6.7 | 0.59
13.3 0.51
36.7 0.57
40.0 0.61
53.3 0.84
66. 7 0.82
100 0.95
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Table 2. Determination of adsorbed enzyme
activity.

Enzym Soln. Adsorbent

2 wt % Glucozyme soln.| Activated cearcoal
i or Acid clay

Adsorbed
| pH 4.8, 30°C, 15 min.
Filtrated

I
Filtrate Enzyme-adsorbent complex Substrate
| Soluble

I starch soln.

Enzyme reaction
l pH 4.8, 40°C
Complex activity---(Activity I)

Filtrated

Filtrate

Precipitate

KEVWCT Epbhb. T REEMKRED EHER com-
plex Tit RIBERYTHE Sva—2 OBREHELK
ENZEbhoTVE, ThoDFEEXD, PTo
FRICBOTIE, SEMEZE complex ZERTEC &
E L.

3. WMMEBEDEM  Table 2 ICRTHEKLE
MB-T, BER~BEA complex %, SAMBEFICTS
OB oLUDHEDBIICLUTHAENTS. ch%k
EEIRGEE 2 &, BEOREE & dICERY I
M$ 200 ThBH, —ERMEBRCDORBHRID
OB E 72 3P R X 5T complex ZBREL
rBRLAERHOBMMBROINE CEhD, BREXKLD
B UBRMBEEL, FRICX > TRIGHED &F
ZoNb. o LD EITREE BB &ZbT &,
Fig. 3 0k 5icic 5. complex DOFIGRITBNOTIE,
BEFREICHEET IR EBE LT 2BROER
OfME LTERENREDNTED, complex 2%BFEL I
BOBEHIIIAEE L/ BROACELEbDTHS. Lk,
BEFCREINTIMERT IR REER, 1A
BEUTIERT o BERLIBMRER EMMT B L LicT 3.
FEBERD EHEE J15iTi2, complex £&D FEiE,
SIAHERERIEM:, 70 b b complex BRER DIEMA

Nno-eluted enzyme activity
=(Activity I)—(Activity II)

Enzyme reation

pH 4.8,
40°C

Eluted-enzyme-«--- (Activity II)
Activity

luted
Enzyme Activity:

Non-eluted
Enzyme Activity

Reaction Product

{t.
14
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Fig. 3. Typical pattern of adsorbed enzyme
reaction,
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A& VOICH LT, EHR complex T3 Z0Dids
AEN RHEBERESD & LT HEEL, BEERES B
75 07 BEREL» R higv, LU EER
complex DA{EMIIBERTICL STHZDED.
AT complex O ODESDERE, ThEh
DESDEZAEER,LHIET 5 &, native DBERTE
Y 1iCx LT, HRERIEIEI0.61, REBEREER
0.48& VS EXE SNz, B LBRIIE—FR TR
BT B EWVD AT native BERIRABETHEAS
EEZ OB, FOEMIE native BERD61% L
Rz gy, RESBRES TRZORIGRAE—%
Tho, BMEIBEAREHICHEIN TR LA2E
AN, CORBRIYRTHBEVZI B, T DHK
EEROEREICOVT, &K complex OEHEIE
LALBREXNFZEOMECLIZbDEEZL DL, Bl
HEOF BEREROBA I VETEOEREEDE
5T EMNZ B,

Table 3. Activity of adsorbed enzyme.

Ratio of eluted or

Activity* non-eluted enzyme
Adsorbent of - dact1v1ty -
1 ute Non-elte
ComPEE | (%)
Acid clay 0.55 63.6 36.4
Actlvated
charcoal 0.31 6.9 93.1

* Activity of adsdrbed enzyme
Activity of native enzyme

4. PBEBEBROBHEEH BEXEZEICBIS
BROBRELMIFBRO—E LT, BREERICD
WT Micaelis SE¥E L UBRAEEDOHIEZETIL - 7.
BHEL LTCEAOBEOHGBMYT v 7 YIEBEZRL,

FHEFN RIG¥LEE2KY, Lineweaver-Burk #H:iC
LoTERUEEY (V, Km) % Table 4 ITRT.
CZ Tk £ £h native BR O BAHEE & L U
Michaelis E# (V, Km) LOHTRDHOLTH 5. £
FRAEEIL native BRICHLTHINGETLT
By, pREBRECBY 28R E V0 BOGBREE
ZRPBVEMLLTHECE, FeBEALRICEBD
THOLNLREMER D, HRERCFAOLOXREE
o, EnSEELTHRNC EaERISh S, {t0F,

Michaelis ¥ 3 d native BER LD LD
BWALTED, BREFCK->THEE OBERMMHSRE L
72EWNH T ERIEDE. ThRBBCL 2 EBREEDE

b, BAVII IEEENL FEIC X5 EZ 603

2, TO Km BEREREED Y% OEELRTEEE
ETha2E05, bLALHOEHET, KIGKHDIC
B ARBEORERRNAEL S5 513, C OERHEIL
BEERD Kn HERZ -2 EEEZCED HAD.
BHATRTREEEOREMED, BREREME
DOEBBENKREERLIDBELEE LS T Lot
Zoh, RODD Kn SRKESHZ EERIZCE
HTE 5.

Table 4. Maximum velocity (V) and michaelis
constant (Ku) of absorbed enzymes.

—Ratio to V and K of native enzyme—

Enzyme 17A% Kn/Kmn
Activated
charcoal Non-eluted 0.25 6.3
Acid clay Non-eluted 0.53 5.3
Eluted 0.88 1.4

D& D IKIKRERIDOERIRRELS complex {EFEHICK
EIEEEEEZ T3 LR, Fig. 4 ICRTLIICHE
%&£® pH {ficBlF 5 complex FEHEA B LR,
SHHERIENhE. Lrl, BRHOEEBOATHEES
i3, pH~EM iz Bl 7ovh ) llic ETBEsh
TR B RTTHBDIC, EEBITEZTHYVRITS
native DHDIVRICBETLTEY, HED BRHIC
LBERBORAEDEINMCD, RE pHAELED S
ZAGHOEENDSDIOEEDLNS.
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Fig. 4. Activity at various pH values.
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BBz ES KK, —EREINIHRIEEEL B
%13, native BE LR UL S KHE—RORIGETED
CENTEDICH b OT, EHIET L, RAHEE
DB LU Michaelis B OET DEMAERD 61
. cOBAR, REHICXITABEL NS LR
EZZohRR. ZCTREBFCERNRET S & &1L,
BEXFETMOKEA 4 VI BERBTLbIhIE
SCEMELONE., THITDVTKRET S 20T,
native BEEZKEA A VLB L, TOBROBRKEEL
LU Michaelis B D B EH~ BEHBEROSEE &
Wl LT A 7-. native BEE#E Bpiics@EIL, 30°C,
307 LIctk, @ pH TH54.8i1cdbEL, VE
LU Kn Z2ROT BUBEOLDOEDOHTERDLLIZD
% Table 5 ©& 5. ik Table 4 OFEEERERICE
J3HEE KT 5L, BREFEORD, Michaelis &
BOBETOBMENS ATHULTHS 2EBbh
3. bbb, AHEROEWRDRIREROBEN
IKEEL TSR EEZ NS,

Table 5. Maximum velocity (V) - and michaelis
constant (Kp) of native enzyme preincubated
in various pH.

—Ratio to V and Kpu—

Prein(;\iibation Vv K/ Knm
3.0 0.96 1.7
2.5 0.93 1.9
1.8 0.41 1.8
5. BRERECHTIEEAER PHEXICER

2 k8B4 AL, native BEROHZERIR L, complex
DENEEHBRLT, BREROBEEZER L TAHIL.
FREAIEMA 1BA ORUMEEXEEANE 0 DBAD
BHEICHTIHTEDL LIS DH Table 6 TH 3.
CORBEH B L, FEHR complex TI3#OREEF
FROTHhDOEES native BERICH L THIEMSE
{, BHEFEOETHEC - T3, B[ TREEE
# T, EEAEBEMEVEA T, BERMNEEL
BOELEXVEESETELIIHERBE SN S5
ZORELSHESED., COBRID, EEREE
BRARECX AHEEXCHT 2 REERE V- B
SMRONLDTH D, TNHBEROEMNRE LS
FEORLSHRRICEET I O E I 0L, 4%E S
KR EED TOL BEMS S, EHERORERER I
Table 3 IT/RL7c kS IChREREZEL-TED,
CHiCH UCTHEARER L THEERBRESLS

RNEDEZL OIS, BERLRTIR, FHRY
BALHRL Tz oFANIREL, BELBODT,
PHEREN N O RELSBEbONE T &, T X OB
ROWUBHED O bHEEZI LTI L, BELON
5.

Table 6. Inhibition of enzymes by mercuric

acetate.
R 'Activit}}l' ;
atio to that o
(CHsCO:)-H; non-inhibited
Conc. mol [ml enz.
soln. 2.5 15.0 10.0

X 1078 x 1076 X107

Enzyme —
Native enzyme 0.92 ] 0.79 | 0.50
Activated
ChaI'CO al Non-eluted 1.01 0.98 | 0. 63
Acid clay 1.05 | 0.57 | 0.24

Non-eluted

DOEXICHRERRICBT ZEERREHTT 5720
2, BEXNEETTO s OBEOEREE (V)
B & U Michaelis &3 (Km) %2HEL, BEAOD
BALolERD b Dds Table 7 THD., FAHE
EIEEXEEOBRICONT, WIFhOBRRICE
WT D LTOB S, Michaelis EHIZ—ERD L
feRicEmT 3 LS EEBR NS, DD,
native B % L R ERREOMEF BT, HEOAE
HBEBREDL SN ENbhb.

Table 7. Maximum velocity (V) and Michaelis
constant (Kz) in the presence of inhibitor.

—ratio to V and Km—

Conc. X 10°mol/ml
Enz.Soln. 5/10| 5] 10

V'/V | Km/Kn

Enzyme _
Native enzyme . 0. 82/0. 69,0. 75/1. 62
Activated ]
charcoal Non-eluted 0. 75/0. 53/0. 45|1. 64
Acid clay Non-eluted 0. 72]0. 34/0. 24(1. 84

6. WMNEBZEOENGRM  EMR complex i€
DINVT, DFEROREZTFTHFA M) VBXU = b~
AZER &, TOREREMICBT 2E{LERIIL
fe. BRLLTOTF+ZA MY vicd, Fv T Va7
35 —-FILk->THRL, T &/ —VihBRETHEZE
Tl ->bDERY, 3 FEB% 3,5-vV=tay ) Fuv
BETHE L. Sva—2ERBRTFA M) YD
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B4 Somogyi B, =N b—XDEASVaA—RF
FOL~E DR F-FEEZRAOTHELR. 2h oD
BEICONT, native R B X UERRERBEREOR
KEE B LU Michaelis E#%H15E L 7<f5 584 Table
8 IT/RY. ¥ 9 native EEIOWVTIZ, BESTFE
PUETF 9 3icoh T, Michaelis Ehsiikd 3 23,
RAREEIIN P —RDBEEERFIZEAE—ETH
5. TROLEREEOFEMMRIESENRRBLTEICD
NTEBPLTNE., = =R ZBNTHLNBEK
HEEOELVERIR, v vi—EERORLFICER
BHELEEZBRL TV HDEELNS. FEHERIC
REINIZBRRZZNENOEEIC DT, native B
RICH LT Kn 3K E S, BELEO BREE RE
CE>THRHLEBCEBHLHLT BB, LHrL native
BREOD Kn LOETRS BUMOZEI HEHTEN
BT >0 TUNS B EINH 5. chidiEHE
RICERE DR E SN TS DICIEREED, By

Native
Enzyme
1.0F
7/
/
,/ Adsorbed
/¢ Enzyme
> /G-
=
Sost
[
2
o
[
'
O 1 iy I
3 7

5
Incubation pH

a) Molecular weight of substrate: 7x103

Native
Enzyme
1.0+
Adsorbed
>
2
05+
(]
=
k<]
<3}
v
O 1 1

3 5 7
Incubation pH
c¢) Molecular weight of substrate: 1x10?

SHFO/NSILHDIEFEAEMEHK & {, native BEFR
EED S HEMMEART C ERATRRICIE S SO LR
Iha.

Table 8. Maximum velocity and michaelis con-
stant of native (V, Km) and adsorbed (V. Km)

enzyme on various substrates.

. d d
Mol || Naive | Aol
wei%ht enzyme Kp—
o p— —
substrate |V (U)| Kn(M) V/V | Kn/Km
80x10% | 1.1 7.9x10°8 0.25 6.3
7.0x10% | 1.2 83 x10°¢ 0.20 2.9
5.0x10® | 1.4 170 x 108 0.16 1.4
2.5x10% | 1.4 370x 10¢ 0.18 1.1
1.0x10% | 1.2 940 x 108 0.24 1.1
342 0.21 | 2100 x 108 0.42 1.2
(Maltose)
10Ot
>
=
©
<
-3}
Z0.5}¢
8
[+
@
1 y N
0] 3 —

5
Incubation pH

b) Molecular weight of substrate: 5x103

Native
Enzyme
1.0F
/ Adsorbed
> // Enzyme  \\
=
<05¢
)]
2
o
[V]
o
\
0] 1 L 1

5
Incubation pH
d) Substrate: Maltose

Fig. 5. Activity at various pH values on various substrates.

(Adsorbent:

activated charcoal)
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BREEIC DN TR, BREBRCEBT 2 HEL
native BRI B B E DML, <V b~ RDHEE
br&, BIZ—EDEERLTVS., T TV EF~R
IZ2NWTIREDELBMBOKI 2L >TNEDTHS
B, CHUTEE S F /N O7D IR EOEENRE L
TWBELEZONLL, wvi—¥ERO—BRE
DrpEdbEIONE. 2 TREZ S RENERR
THAD. T HEEBRDOEY % EEEICONTHE
LCHIET D, < b—2AARREL LIOESICRIE
R ES SIEF IR E VS ERSE S

RIENREA & VBB 2 EHICOUT, native
BRkEEREREL R LDy Fig. 5 Th 5,
EWRICEEINICC EICX ZREBRIEF TN,
2 V& —EEHICONTIRE Ot pH fHIR TOMER:
ETFTEO>REEBMOREOES L THETHD,
CHITEERICEE SN BRICBOTHRENICR
Y (%P

X LICENFNORE & OFUGICE: LT OMEXIE
FOEEIC >N THRE L 58 Table 9 TH 3.
Bk L7k D ic, ATFBOKREOEETE, #HED
FERA LA ERETHERERZOBA/N VDTS
B, RFBHINELIEDE, Z20-BRERAS
NI A, COREEMIZ, BRBEERICREL
TNACEITEBIENIRbDTH S EZL VL, &
BRFROET &0 )RR b, XS IKR
BERICESS5Z 5L ERITNENZ 5.

Table 9. Relative activity of enzyme on various
substrates in the presence of inhibitor.

Relative activity
Md@ﬁhr (CH;sCO:).Hg
we(;% t Enzyme (mol/ml enz. soln.)
substrate 2'310_6 5%x107¢10x10°¢
{ Native 0.92 | 0.79 | 0.50
80% 10°
f*i;?ﬁi? 1.06 | 0.98 | 0.63
{ Native 0.92 |, 0.86 | 0.70
5% 108
Aﬁgﬁ 0.68 | 0.67 | 0.38
{wa 0.97 | 0.93 | 0.81
1x108
A‘lsr‘l’zr;ﬁi 0.70 | 0.81 | 0.77
" {Nww 0.83 | 0.78 | 0.65
(Maltose) A‘isé’zr}?;de 0.78 | 0.57 | 0.36

AT BRIMER B ABEBETESRSRE/BERY v
YT ACBOTHEBELULSOTH, RRAFTIIHET4E
B ERNEHRBRIC L AHEDO—-ETH 5.
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