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ABSTRACT: A quartz-crystal microbalance (QCM) technique was applied to analyze effects of site-directed
mutagenesis of a glycosidase (isomalto-dextranase) on the hydrolysis mechanism of the substrate binding
(Kons kotr, @andKg) and the catalytic proces&.f), separately, by using a dextran-immobilized QCM in
buffer solution. D266N, D198N, and D313N mutants, which are predicted as critical residues of the
isomalto-dextranase hydrolytic activity, dramatically decreased the apparent enzyme activity. The D266N
mutant, however, did not change the substrate binding abKigy;, @nd the D198N and D313N mutants
largely increasedKq values due to the increase ki and/or the decrease &, values, as well as the
negatively smalkg, values. From these results, we estimate the reaction mechanism, in which Asp266
acts as only a general acid in the catalytic process, Asp198 acts as both nucleophile in the catalytic process
and binding the substrate, and Asp313 acts as only the substrate binding.

In general, enzyme reactions have been kinetically studiedretaining reaction mechanisng, (9). It is produced extra-
by using a MichaelisMenten equation (steady-state kinet- cellularly by Arthrobacter globiformisT6 andActinomadura
ics), in which the concentration of the enzyrmibstrate sp. R-10 8, 10), and the cloning of thénd gene encoding
(ES) complex was hypothesized to be nearly constant duringthis enzyme has been reportedl); It was classified as a
the reaction, because it was relatively difficult to detect the member of a family comprising mainly eukaryotiegalac-
concentration of the ES compleg, (2). The reaction rate  tosidases]2) ando-N-acetylgalactosaminidasek3j, which
was simply obtained from the initial rate of the product is designated as a glycoside hydrolase (Ginily 27 (14,
increase by various methods such as colorimetric and15). The crystallization and preliminary X-ray diffraction
stopped-flow fluorescent method3<7). For analyses of the  analysis of isomalto-dextranase fraf globiformisT6 has
active center of enzymes, site-directed mutagenesis has beeheen reportedl); however, the three-dimensional structure
widely studied, and the kinetic effect of mutations has been and reaction mechanisms of this enzyme are yet unknown.
again studied by using a MichaetiMenten method from  Multiple sequence alignments of a GH family 27 sucthas
the product analysis. When the site-directed mutagenesisglobiformisT6 isomalto-dextranase (IMD}{), chickena-N-
nearly diminished the enzyme activity and the product was acetylgalactosaminidase (NAGJ)J), rice a-galactosidase
hardly produced, it was difficult to distinguish whether (GALA) (12), and humam-galactosidase (GALH)1(7) are
mutations were effective to the substrate binding or the shown in Figure 1. The letters with black background have
catalytic process since only the product was followed. If the been reported as identical active site residues, and three
formation and decay of the ES complex could be followed aspartic acids marked with red backgrounds and asterisks
directly during the reaction, more precise and quantitative are thought to be critical residues of the enzyme activities.
discussions on the site-directed mutagenesis are expected-rom the molecular modeling and the prediction of isomalto-

Isomalto-dextranase (1@-D-glucan isomaltohydrolase, dextranase structure from comparison of primary, secondary,
EC 3.2.1.94) is arexctype enzyme that is capable to and crystal structures of a GH family 27, we predict that
hydrolyze dextran and to releaseisomaltose units succes- three aspartic acids, Asp198, Asp266, and Asp313 (marked
sively from the nonreducing ends of dextran chains via a with red backgrounds and asterisks), are critical residues of
the enzyme activity. Therefore, three kinds of site-directed
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IND 1 MATAVTARPG VPVTAAPPLR LASRNSVFTR SGAGPRY[NI YGYSFPH--—- (A)
NAG 1 LENGLART PPMGWLAJER FRCNVNCRED @ Isomalto-dextrananse
GALR 1 FENGLGRT PQMGWNSINH FYCG———- Wildtype
GALH 1 PGA RALDNGLART PTMGHLHJER FMCNLDCQEE - B D198N
IND 48 -NAPIPENEW KANIDWLAG- NFADFGYDIA CTBGWIEGSS RTTGNGYITS D296N
NAG 29 PRQCISEMLF MEMADRIAED GWRELGYKYI NIFDCWAAKQ RDAE-GRLVP T D313N
GALR 23 ——INEQIT RETADALVNT GLAKLGYQYV NIBDCWAEYS RDSQ-GNFVP S
GALH 34 PDSCISEKLF MEMAELMVSE GWKDAGYEYL CIRDCWMAPQ RDSE-GRLOA — 27-MHz QCM
IMD 96 YNDSWOHDWA YWAMJLAARK MKLGVYYNPL WVHRAAVEDA SKTVLGRPDV Affinix Q4
NAG 78 DPERFPRGIK ALADYVHARG LKLGIY——- -———-GDLGR -LTCGGYPGT
GALR 68 NROTFPSGIK ALADNVHAKG LKLGIY—— ——— SDAGS —QTCSNKMPG (B) "o
GALH 83 DPQRFPHGIR QLAMIVHSKG LKLGIY-—-— ——-—-, ADVGN -KTCAGFPGS o ) HO~ i
“(Z——c:) R
IMD 146 KIADLVVPGD FFARDIGGNQ LYWLDVTKSG AKEYVOGYVR YFKDLGVPYL B i i N
NAG 118 TL --DRVEQDAQ TFAEWGVDML e fon ;r;r*”vvv
GALR 108 SL —DHEEQDVK TFASWGVDYL o 27-MHz QCM
GALH 123 FG ——YYDIDAQ TFADWGVDLL Dextran (170-200 kDa) Avidin-biotin
.

IMD 196 [FIIFLSWYED GRDANIGQVN APHGRANYEL ALSWINEAAG EDMEVSLVMP
NAG 138 [l GC———— —————-YS SGKEQAQGYP QMARALNSTG RPIVYSCSWP (c)
GALR 128 QYpNC——- ——— —ND AGRSVMERYT RMSNAMKTYG KNIFFSLC-E Isomaltose
GALH 142 i) GC-—— - YCD SLENLADGYK HMSLALNRTG RSIVYSCEWP Dextran ¢

175 AYQGGLPPKV NYTLLGETCN LWENYDDTQD -SWDSVLSIV DWFFTN-QDV 3

NAG
GALR 164 WGKEN-——— PATWAGRMGN
GALH 180 LYMWPFQKP- NYTEIRQYCN

TTGLIAD —-NWGSMTSRA DENDQ————

Ed
IMD 246 —HMFQD—— —GSAELANGD LV[iINAXADK GGWDRLSGMR QNWQDAWPNW
L
S|
NFALIDD -SWKSIKSIL DWTSFN-QER

IND 290 ANPFCGFTGN SHRNGRGQLI LDGIFMRAST FA-SDEERKT MMNLMVAAGS

NAG 223 LQP-—-FAGP GHWN-———- ~DPIMLIIGN FGLSYEQSRS QMALWTIMAA

GALR 203 WAA-—YAGP GGWN-———— -DPMLEVGN GGMSEAEYRS HFSIWALAKA 27-MHz QCM

GALH 227 IVD-—-VAGP GGWN——— ~DPIMLVIGN FGLSWNGQVT QMALWAIMAA FiGURE 2: (A) Experimental setup (Affinix € of enzymatic
Ficure 1: Multiple sequence alignments @. globiformis T6 hydrolyses on the dextran-immobilized 27 MHz quartz-crystal

isomalto-dextranase (IMD), chickanN-acetylgalactosaminidase ~ microbalance (QCM) catalyzed by the wild-type or site-directed
(NAG), rice a-galactosidase (GALA), and humangalactosidase mutagenic isomalto-dextranase in buffer solution: 20 mM acetate
(GALH). The letters with black background have been reported as buffer, pH 5.2, and 150 mM NaCl at 2&. (B) Chemical structures
identical active site residues, and three aspartic acids marked withof dextran immobilized on a QCM plate through an avidinbiotin
red background and asterisks are thought to be critical residues oflinkage. (C) Reaction schemes and kinetic parameters obtained in
the enzyme activities. this work.

ing whether these aspartic residues act as the binding site inmutant isomalto-dextranases, D198N, D266N, and D313N,
addition to the catalytic site. in which aspartic acid was replaced by asparagine.

In this paper, we describe that a dextran-immobilized 27  Purification of Wild-Type and Mutant Enzyme$o
MHz quartz-crystal microbalance (QCM) is a useful tool to denature theE. coli proteins, the crude extract was heat-
detect whether the site-directed mutagenesis for isomalto-treated at 55°C for 30 min, and then the denatured host
dextranase is effective to the substrate binding or the catalyticproteins were pelleted by centrifugation at 10§G0r 20
process. We prepared three kinds of mutant enzymes suchmin. The supernatant was loaded onto a phenyl-Toyopearl
as D198N, D266N, and D313N of isomalto-dextranase as 650S column (Tosoh Co. Ltd., Tokyo, Japan; .20 cm)
well as a wild type. By using the substrate-immobilized equilibrated with 20 mM Tris-HCI buffer (pH 7.5) containing
QCM, we could follow directly and quantitatively each step 0.7 M (NH,).SO,. The enzyme was eluted with a linear
of the hydrolysis (binding and dissociation of the enzyme 0.7-0 M (NH,),SO, gradient in buffer. The isomalto-
and the catalytic process) from the ES complex formation dextranase fractions were pooled, dialyzed against 20 mM
as mass changes (see Figure8)(The 27 MHz QCM is Tris-HCI buffer (pH 7.5), and loaded onto a Q-Sepharose
a very sensitive mass-measuring device in aqueous solutionHP column (Amersham Biosciences Co.; 1610 cm)
and its resonance frequency is proved to decrease linearlyequilibrated with same buffer. The enzyme was eluted with
with increasing mass on the QCM electrode at the nanograma linear 6G-1 M NaCl gradient in buffer. The homogeneity
level (18—23). We have previously reported that a 27 MHz of each isomalto-dextranase and its mutant was confirmed
QCM is a useful tool to directly and quantitatively detect by SDS-PAGE 5).

various molecular interactions such as DNBNA hybrid- Somogyi-Nelson Method (5, 6Dextran saccharification
ization 20), DNA—peptide interactions2(), glycolipid— activity of isomalto-dextranase in the bulk solution was
protein interactions22), enzyme reactions on DNA28), measured by the conventional Someghielson method. The
and polysaccharided §). reaction mixture of 25L of 0.1-5% (ca. 0.5-25 mM)
dextran solution, 5@L of acetate buffer (20 mM, pH 5.2),
EXPERIMENTAL PROCEDURES and 25ulL of the enzyme solution (1aM) was incubated

Preparation of Wild-Type and Mutated Isomalto-dextra- at 30°C for an appropriate period. Reducing sugars formed
nases The wild type and three mutants (D198N, D266N, Per 1.0 mL of the mixture were determined by the colori-
and D313N) were produced frofischerichia coliBL21- metric method of SomogyiNelson. One unit was defined
(DE3) Rosetta cells carrying an expression plasmid as the amount of enzyme that released reducing sugars
pETG2Dsp-, according to the procedure of the previous paperequivalent to 1.Qemol of p-glucose from the substrate per
(24). Oligonucleotide-directed mutagenesis was carried out minute under the assay conditions.
using the plasmid pETG2Dsp- with the Quik-Change site- 27 MHz QCM Setup and Its CalibratioAn Affinix Q4
directed mutagenesis kit (Stratagene) for the construction ofwas used as a QCM instrument (Initium Co. Ltd., Tokyo,
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http;//WWW.i_nitium2000.com/) having four SO_QL cells Table 1: Kinetic Parameters of Wild Type and Mutants of
equipped with a 27 MHz QCM plate (8 mm diameter of a |somalto-dextranase for Hydrolysis of Dextran Immobilized on the
quartz plate and an area of 4.9 rhaf Au electrode) at the 27 MHz QCM and Relative Enzyme Activity in Bulk Solutién

bottom of the cell and the stirring bar with the temperature- relative
controlling system18, 20—23). The Sauerbrey equatiohd) Kor?! Kott®/ Kq?/ Keaf! enzyme
was obtained for the AT-cut shear mode QCM: 1M'st 10°st 10°M st activity/%
wild type 5.0 125 100
JF.2 D266N 78 0.4 51 ~0 0.011
AF = — O Am 1) D198N 167 39 234 ~0 0.003

D313N 29 15 518 ~O0 0.002

2 Obtained from the QCM method at 20 mM acetate buffer, pH 5.2,
whereAF is the measured frequency change (in heifg), and 150 mM NaCl, 25°C.? Obtained from the SomogyiNelson
the fundamental frequency of the quartz crystal prior to a method in the bulk solution at 20 mM acetate buffer, pH 5.2, and 150

mM NacCl, 30°C.
mass change (2% 10° Hz), Amthe mass change (¢ the

elrﬁgtmdﬁ daret?] (0-349r@z1np a‘ tlh © d$n5|t);tgf glgﬁ)l(lzdfsﬁ g independent of the added enzyme concentrations. The amount
cm’”), anduq the shear modulus of quartz (2. y corresponds to ca. 20% of the immobilized amount of the

— . .

cm~2). Calibration of the 27 MHz QCM was performed such dextran substrate [15@ 20 ng (ca. 0.8 pmol) cri].

that a frequency decrease of 1 Hz corresponded to a mass The dextran hydrolysis process of the wild-type enzyme

increase of 0.62: 0.1 ng cm? on the QCM electrode, as . :

described previously @ 20—23). The noise level of the 27 is described as eq 2, where (Ep [Slo. The apparent

MHz CMpw 11 |—)I/z in buff r. lutions at 25C. and th hydrolysis rate constank,,) in the single turnover reaction
Q as4 utter soiutions & » and the is calculated from curve fittings of eqs=5, where [E]=

standard deviation of the frequency wa® Hz for 2 h in [E]o and [S]= [S]o — [ES]

buffer solutions at 23C. 0 0 '

Preparation of Dextran-Immobilized QCM PlateEhe Keat
biotinylated dextran (MW 176200 kDa), in which the E+S<=ES—E+P 2)
reducing ends were reacted with biotinamidocaproyl hy-
drazide, was anchored on NeutrAvidin-immobilized QCM d[P]
according to previous papers (Figure 1)8(126). The Kapp= gt~ KealESI ©)
immobilized amount of the biotinylated dextran was main-
tained to be 150+ 10 ng (ca. 0.8 pmol) cn?, which [El,
corresponds to ca. 10% coverage of the surface. This small [P1=[S],(1— gkeat) o = 4)

coverage gives enough space for the binding of a large [Elo + Kq

enzyme molecule.

Enzyme Reactions on Dextran-Immobilized QCM Plates. K, = diP] _ ok, = [Elokear 5)
A dextran-immobilized QCM plate was soaked in 500 PP dt At [E], + Ky
of 20 mM acetate buffer (pH 5.2) containing 150 mM NacCl
and placed until the resonance frequency reached the steady 1 1 Ky
state. Frequency changes responding to the addition of ok + KJEL (6)
enzyme solution into the cell were followed with time. The pp. Teat at=lo

solution was vigorously stirred to avoid any effect of slow grom the linear correlation betweerkdand different 1/[E]

diffusion of enzymes, and the stirring did not affect the \aues of eq 6 (Figure 3B), the dissociation constant and

stability and magnitude of frequency changes. catalytic hydrolysis rate constant could be obtained t&pe

RESULTS AND DISCUSSION =50 nM andkcat = 1.1 s}, respectively. The results are
summarized in Table 1.

The wild type and three mutants were produced and The catalytic activity of the wild-type enzyme was
purified as described in Experimental Procedures. Three obtained to béi,= 2.5 s by the conventional Somogyi
mutated isomalto-dextranases were found to have the markNelson method in the condition of [$F 0.5-25 mM >
edly reduced level of the hydrolyzing activity for dextran, [E]o = 15uM. Although the reaction condition was different
less than 0.01% of the wild type obtained by the conventional ([E]o = 3.8-23 pmol > [S]o = 0.8 pmol for the QCM
product analyses of the Somogylelson method§, 6) in method), bothk., values showed good agreement each other.
the bulk solution (see Table 1). Therefore, it is difficult to Figure 4 shows frequency changes of the dextran-im-
discuss further enzyme activity by the conventional method mobilized QCM, responding to additions of site-directed
to follow the product. mutant enzymes (D198N, D266N, and D313N) as well as

Figure 3A shows catalytic hydrolyses of dextran im- the wild type. When the wild type was employed, the
mobilized on a 27 MHz QCM plate catalyzed by different hydrolysis (the mass decrease) was observed as already
concentrations (7:545 nM, 3.8-23 pmol, in 0.5 mL) of shown in Figure 3A. When mutant enzymes were employed,
the wild type isomalto-dextranase in the aqueous solution. however, the frequency simply decreased (the mass in-
The frequency simply increased (mass decreased) with thecreased), indicating that only the enzyme binding to the
reaction time due to the hydrolysis of the dextran substrate substrate is observed, but hardly observed the catalytic
on the QCM. When enzyme concentrations increased, initial hydrolysis process. The binding ability seems to be in order
slopes increased, and the frequency reached constant valuesf D266N > D198N > D313N. The hydrolysis properties
[-30 & 5 ng (ca. 0.2 pmol) cn? over the starting point]  of these mutants were confirmed to be less than 0.01% of



Mutagenic Isomalto-dextranase Studies on a QCM Biochemistry, Vol. 44, No. 27, 2009459

60 100 -50
Wil
50 50 | CE IUWE
w0l o o D313N |
N £ o
= 8o - N .50 £
Lé_ 2 T ] o
= — —
20 £ L -100 | {150 2
< < -
10+ g
-150 | 3
0 {100
-200 L
0 120 240 360 480 600 , , R I
Time / sec 0 25 50
B) Time / min
200 ¢t FIGURE 4: Time courses of frequency changes of the dextran-

immobilized QCM, responding to the addition of the wild type and
mutants of D198N, D266N, and D313N. The immobilized amount
150 } of dextran (176-200 kDa) was 15@- 10 ng cn12in 20 mM acetate
buffer, pH 5.2, and 150 mM NacCl at Z%&.
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Ficure 3: (A) Typical time courses of frequency increases (mass
decreases) of the dextran-immobilized QCM, responding to the
addition of different concentrations of the wild-type isomalto- -200 0 . .
dextranase. The immobilized amount of dextran (2200 kDa) OB s % © 2 4 6
was 150+ 10 ng cnT?in 20 mM acetate buffer, pH 5.2, and 150 [D266N] / nM
mM NaCl at 25°C. (B) Linear reciprocal plots df,, against the (B) D198N

enzyme concentrations according to eq 6 in the text.

the wild type from the conventional Somogyielson
method B, 6) in the bulk solution. Thus, frequency decreases T~ °
in Figure 4 indicate the mass increases of the ES complex £-40
formation at timet on the QCM, which is given by eq 7.

-60

318 nM
_&L -80 L . - - oo 100 200 300
B+ S ES (7) ® feimin % [D198N] / nM
(C) D313N
Am = [ES] = [ES];,,{1 — exp(-t/7)} (8)
(o]
T = KoElg + Ko 9)
:'E -10
. . . . 261 nM
As shown in Figure 5, the binding amount of the enzyme E . J
increased with increasing the enzyme concentration for all ~ -20} UMY saram
mutagenic enzymes. From linear correlatiorrofand [E}
values of eq 9, the binding rate constagt)(and dissociation -30k - - - o e
rate constantkly) could be obtained from the slope and Time / min [D313N] / nM

intercept, respectively. The dissociation const&aj could . . .
be obtained from the ratio d{ to kon. The kinetic results FiGuRe 5: Typical time courses of frequency decrease (mass
h . . increase) of the dextran-immobilized QCM, responding to additions

obtained for each mutant are summarized in Table 1. of (A) D266N, (B) D198N, and (C) D313N mutants, and each linear

The retaining enzymes as the GH family 27 members act plot of the reciprocal relaxation timer{!) against enzyme
via a double-displacement mechanism, wherein one of theconcentrations (eq 9). The immobilized amount of dextran {170
catalytic carboxylate groups operates as a nucleophile to290 kDa) was 15G- 10 ng cm®in 20 mM acetate buffer, pH 5.2,

. . and 150 mM NaCl at 25C.

generate a glycosyl-enzyme intermediate. The second car-
boxylate group acts, in turn, as a general acid and generalThe role of Asp313, however, is not clear, although it is
base catalyst to promote the formation and breakdown of predicted to exist in the active site.
the intermediate, respectively2q). Thus, in isomalto- The substitution of the COOH to the CONIgroup of
dextranase, Aspl98 exists as a catalytic nucleophile andD266N diminished the cleavage activity but not the binding
Asp266 exists as a catalytic general acid and general baseactivity (see Table 1). This means that the COOH residue
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of the glucose ring at positioft1. In the glycosylation step,

(a) (&) Dige Asp266 provides general acid-catalyzed leaving group
oLes PN departure simultaneously with a nucleophilic attack by the
de o 20 o ( 0°o carboxylate anion of Asp198 to form a isomaltosyl-enzyme
Kon HOSC intermediate. (c) In the deglycosylation step, Asp266 func-
a—g HO HO( D tions as a general base to activate the incoming nucleophile
Kot "xo o that hydrolyzes the isomaltosyl-enzyme intermediate. (d)
0\8,0-—- H'o;c -D266 &P C-D266 Finally, the productd-isomaltose) is released from the active
D313 0 31z © site to revert to the starting point.
T oot CONCLUSION
@ D1s8 (© Dj98 When the QCM method was applied to hydrolytic enzyme
N /g\ \O . (»0-"5‘-0 reactions, we could follow the enzyme binding process (ES
y 0 o ©°0° HO/XS:" complex forming proces$on, Ko, andKg) and the following
Ho’\,,/ébH - HO™" HO( catalytic hydrolysis process) (18). In general, when
o™ Ho * Ffo'H kinetic parameters (3) are the following relations,[E]o
00,0 H-O, 0e0 Yo, < keat = ko, the frequency simply increases, indicating an
‘tl:' O;?—Desﬁ ¢ %'/C‘D?Sﬁ apparently catalytic process (mass decrease) as shown in the
D313 D313 wild-type curve in Figure 4. In the case kfi[E]o > Keat =

FiGURE6: A catalytic model of retaining isomalto-dextranase based Korr, the frequency simply decreases, indicating apparently
on both the predicted enzyme structure from a GH family 27 the enzyme binding process (mass increase), as shown in

enzyme and our QCM kinetic results. the D266N curve in Figure 4. On the contrary, in the case
of Kor[E]o =~ keat = koff, the frequency decreases at fast and
then increases due to the competitive enzyme binding and
the following catalytic processl8). Thus, various kinetic
patterns can be analyzed from various patterns of frequency

acts as a general acid to cleave the glucosidic linkage but
does not interact with the substrate (see Figure 6b). The
D198N mutant diminished the cleavage activity and increased
theKq value more than 40 times due to the large increase of h ith t
kot with the small increase df,, values. This indicates that changes with time.

the carboxylate anion of Asp198 may interact with the; In the conventional MichaelisMenten kinetics, only the
atom of the substrate as a nucleophile to generate anhydrolysis product is usually followed. If the hydrolysis

isomaltosyl-enzyme intermediate. The D313N mutant in- &ctivity of the enzyme is completely diminished by the site-
creased drastically thé; value more than 100 times due to dlrectt_ad mutagenesis, it is dlfflcu_lt to predict whether the
both the decrease &, and the increase ¢, in addition mutation affected the substrate blnd_lng and/or the cleav_age
to diminishing the cleavage activity. This indicates that Process. When the QCM method is applied to mutation
Asp313 may strongly interact with the substrate binding €XPeriments, we could analyze the effect of mutations from
probably through a hydrogen bond with the-@H group the patterns of frequency changes and precise kinetic

to give a twisted and deformed conformation of the glucose Parameters such dgn, ko, Ko, andkea values. We believe
ring at position—1 (28, 29). that the combination of the QCM technique and the site-

Recently, Tochihara and co-workers reported effects of directed mutagenesis of enzymes can generally provide a
site-directed mutagenesis of nine amino acids of isomalto- "W tool to analyze kinetically whether the functional group
dextranase on the relative enzyme activity by the traditional IS involved in the substrate binding and/or the catalytic
Somogyi-Nelson method in the bulk solutior8@). The process, by following the ES complex formation.
substitution effect of D227A and D342A (corresponding to
D198N and D313N in our study, respectively) agreed with REFERENCES
our results, where the catalytic activity was nearly dimin- 1 segel, H. (1975Enzyme KineticsJohn Wiley & Sons, New York.
ished. On the contrary, the substitution effect of D295A 2 Kuby, S. A., Ed. (19917 Study of Enzyme¥ol. 1, CRC Press,
(corresponding to D226N) was different, in which D295A Boca Raton, FL.
still retains ca. 45% activity, in contrast with the nearly 3. Papadopoulos, N. M., and Hess, W. C. (1960) Determination of
diminishing activity of D226N. It is difficult to compare both hegramin® <5'a'E';?) Ah°'¢ Gglggsmnd Fructose in Spinal Fluid,
results at present due to the different mutations. Moreover, rch. Biochem. Blophys. 8 !

. . . 4.Fox, J. D., and Robyt, J. F. (1991) Miniaturization of Three
Tochihara and co-workers obtained only the relative enzyme Carbohydrate Analysés Using a Microsample Plate Redde,

activity in percent 80), in contrast with our quantitative Biochem. 19593-96.
kinetic mutation studies. 5. Somogyi, M. (1952) Note on Sugar DeterminatidnBiol. Chem.
From our kinetic results of mutants as well as the wild 195 375-380.

: - 6. Nelson, N. (1944) A Photometric Adaptation of the Somogyi
type by using the QCM system, we propose the following Method for t(he D()etermination of Glucozé, Biol. Chem. 15,3gy

catalytic mechanism of isomalto-dextranase, as shown in 375-380.
Figure 6. (a) Before the binding of the substrate, the un- 7. oisen, K., Svensson, B., and Christensen, U. (1992) Stopped-Flow
ionized Asp266 in the hydrophobic environment is interacting Fluorescence and Steady-State Kinetic Studies of Ligand-Binding
with Asp313 through a hydrogen bond. (b) The binding of heactions of Ghicoamylase fromspergillus niger Eur. J.
the substrate to the enzyme disconnects this hydrogen bond, lochem. 2097 ' )

. . 8. Sawai, T., Toriyama, K., and Yano, K. (1974) A Bacterial
and Asp313 begins to bind to the €@H of the substrate Dextranase Releasing Only Isomaltose from DextrarBjochem.

and works to give a twisted and a deformed conformation 75, 105-112.
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