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ABSTRACT

Fluorescence of wheat f-amylase (WBA) was quenched by the interaction with maltose or glucose, which

are competitive inhibitors of WBA, suggesting that the states of tryptophan and tyrosine residues could be

changed by the interaction. The fluorescence emitted by excitation at 280 nm and 295 nm was titrated by

changing the concentrations of maltose and glucose. The dissociation constant (Kg) values of the

WBA-maltose and WBA-glucose complexes were determined to be 0.20 + 0.12 M for maltose and 0.36 +

0.11 M for glucose at 25°C, pH 5.4. Maltose exhibited additional binding mode at higher concentration with

a distinct Kq value (1.5 = 0.4 M). The Kgq values at various temperatures and pHs are in agreement with the

inhibitor constant (Ki) values previously reported. The negative standard enthalpy changes (AH°) of the

WBA association with glucose and maltose indicate that the associations are exothermic. The association

constant (Ka) and AG®° values of the maltose and glucose binding to WBA decreased slightly with increasing

temperature from 25 to 45°C but not dependent on pH change (pH 3.0, 5.4 and 9.0). Fluorescence of WBA

could be used as a structural probe to examine the inhibitory interaction with the products of starch

hydrolysis.
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INTRODUCTION

B-Amylases (a-1,4-glucan maltohydrolases; abbreviated as BA hereinafter) are exo-acting enzymes, with

successive removal of B-anomeric maltose from the non-reducing ends of polysaccharides. BAs are found in

higher plants and some microorganisms but there are variations between bacterial and plant B-amylases in

binding and hydrolyzing raw starch (1). This binding aptitude difference is credited to their starch-binding

domain located at the C-terminus of their sequence (2). The subsite affinities of wheat 3-amylase (hereinafter

designated as WBA) (3) and soybean 3-amylase (SBA) (4) were described. Subsite 1 has the highest affinity

to glucose residues of the substrates among the five subsites in WBA and this subsite has a vital role in its

catalytic activity (3). The crystal structures of maltose binding sites in SBA (5) and in Bacillus B-amylase

(BacBA) (6) were also reported. Understanding the subsite structure of enzymes helps to predict the binding

modes of substrates (7), and a glutamate residue was identified as the possible catalytic residue of soybean

and sweet potato -amylases (8, 9).

The inhibitory effects of glucose (7), maltose (7, 10), and cyclohexa-amylose (11, 12) on BAs were

studied. We have recently reported the inhibitory effects of maltose, glucose, and sugar derivatives on the

catalytic activity of WBA (13). Formerly, we have also described the activation and thermo-stabilization

effects of additives (carbohydrates, amino acids, organic solvents, proteins, detergents, etc.) on WBA and

indicated the possibility of altering the stability and activity by modification of the enzyme reaction system



(14).

Temperature has substantial effect on the molecular activity as well as conformation of enzymes. The

inhibitor constant (Ki) values of inhibitors were affected by changes in temperature (15, 16). pH alters the

ionization of the functional groups and conformation of enzymes and hence might affect the substrate or

inhibitor binding. The effects of temperature and pH on the Ki and thermodynamic parameters of glucose and

maltose inhibitions were described previously in our inhibition study of WBA by maltose and glucose (13).

The fluorescence change of enzymes could be a good probe for examining the binding of substrates or

inhibitors (17). The states of tryptophan and tyrosine residues of BacB A were affected up on binding glucose

or maltose (5-7). Gluconolactone and maltose were reported to quench the fluorescence of glucoamylase (18).

A small change in the catalytic residue of subtilisin (Ser221 to Cys221) led to considerable decrease in its

binding affinity to Streptomyces subtilisin inhibitor (19). In the present study, we describe the WBA

fluorescence quenching effects of glucose and maltose, the temperature and pH-dependences of the

association constant (Ka) of the association of WBA with the inhibitors and thermodynamic parameters. This

study provides valuable information on the interaction of the end-products of starch hydrolysis with WBA

and its effect on the tryptophan and tyrosine residues of WBA. The changes in the states of tryptophan and

tyrosine residues of WBA are associated with the change in its activity by the interaction with maltose or

glucose.



MATERIALS AND METHODS

Materials - A commercial preparation of WBA, Himaltosin GS (Lot 2S24A), was purchased from HBI

Enzymes (Osaka, Japan). WBA was purified from the Himaltosin preparation according to the method

described previously (14) to homogeneity in polyacrylamide-gel electrophoresis (SDS-PAGE) with a

molecular mass of 57.7 kDa. The stabilizer starch contained in the Himaltosin preparation was completely

removed by filtration through Millipore membrane filter (Type HA; pore size: 0.45 um) as confirmed by

starch-iodine reaction (14). The concentration of WBA was determined spectrophotometrically in 20 mM

sodium acetate buffer, pH 5.4 (hereinafter designated as buffer A) at 25°C using the absorptivity value (A) of

1.40 £ 0.02 at 281 nm with a 1.0-cm light-path for 1.0 mg/ml of WBA solution (14). Maltose (Lot M1B6462),

glucose (Lot M3G8543), and N-acetyl-L-tryptophan-ethyl ester (AWEE, Lot V6P4299) were purchased from

Nacalai Tesque (Kyoto, Japan), N-acetyl-L-tyrosine-ethyl ester (AYEE, Lot 41666/1 42901) was from Fluka

chemicals (Buchs SG, Switzerland) and other chemicals were from Wako Pure Chemical (Osaka, Japan).

Fluorometric titration of WBA with maltose and glucose - WBA in buffer A was filtered through a

Millipore membrane filter (Type HA; pore size: 0.45 um) and twice through a Sephadex G-25 column

equilibrated with the same buffer. The initial concentration of WBA was adjusted to 0.2 uM. Various initial

concentrations of maltose (0-1.4 M) and glucose (0-2.8 M) were also prepared in buffer A. The



fluorescence titration of the enzyme with increasing concentrations of maltose and glucose was carried out

using a Shimadzu RF-5300PC spectrofluorometer (Kyoto, Japan) at 25°C with an excitation wavelength

280 nm (Lex = 280 nm), with a high sensitivity and a response time of 4 s. The solvent perturbation effect

on tryptophan and tyrosine was examined using 5.5 uM AWEE and 7.4 uM AYEE in the presence and

absence of various concentrations of maltose or glucose.

The tryptophan fluorescence of WBA - The contributions of tryptophan and tyrosine residues in the

fluorescence emission of WBA and how the fluorescence of tryptophan is quenched by maltose and

glucose were studied. WBA (0.2 uM) was prepared in buffer A at 25°C. The fluorescence spectra was

collected in the range of 308-450 nm at Lex = 280 nm and at Aex = 295 nm, with a high sensitivity and a

response time of 4 s. The fluorescence intensity of WBA in the absence and presence of high initial

concentrations of maltose (1.4 M) and glucose (2.8 M) at Aex = 295 nm were examined.

Temperature-dependence of Kq — Various initial concentrations of maltose (0-1.4 M) and glucose (0-2.8 M)

were prepared in buffer Aat 25°C. The inhibitors were kept in water bath adjusted at each temperature and

the enzyme solution was kept in ice water. The enzyme solution was incubated in a water bath at each

temperature for 3 min and mixed in a cuvette with the inhibitors, and the fluorescence spectra were

collected after 2 min at the same temperature. Only low concentrations (0-1 M) of both maltose and



glucose were considered to determine the Kq values at 35 and 45°C, pH 5.4. The hyperbolic relationship of

the change in fluorescence (AF) against the inhibitor concentration was converted to linear correlation so

that the experimental data were fitted to linear plot using the least-squares regression method following

previous report (18). The Kq values at each temperature were estimated using Hanes-Woolf plots (18, 20).

The standard enthalpy changes (AH°) of maltose and glucose binding to WBA were determined by the

van't Hoff equation (Eg. 1).

INKg = (AHO/R) (1/T) - ASR (1)

The Gibbs energy change (AG°) and entropy change (AS°) were derived from Egs. 2 and 3 (21, 22).

AG® = -RT InKg )

TAS® = AH° - AG® (3)

where R is the universal gas constant and T is the absolute temperature.

pH-dependence of Kq - The WBA and inhibitors (0-1 M) solutions were prepared in various buffers at 25°C,

namely 20 mM sodium acetate at pH 5.4 (buffer A), 20 mM glycine-HCI at pH 3.0, and 20 mM borate

buffer at pH 9.0. The procedure aforementioned was followed to obtain the Kq values at various pHs.



RESULTS

Quenching the fluorescence of WBA by maltose and glucose - The fluorescence of WBA was partially

quenched by increasing concentrations of maltose and glucose at 25°C, pH 5.4. The changes in the

maximum fluorescence (AFmax) of WBA were 13% and 15% of the fluorescence intensity observed in the

absence of inhibitor, respectively by the addition of 1.4 M maltose and by the addition of 2.8 M glucose

(Fig. 1). The effects of increasing concentrations of maltose and glucose on the fluorescence of tryptophan

and tyrosine were examined by fluorescence titration of model compounds, AWEE and AYEE. The net

effects of increasing concentrations of the sugars were negligible (<2%) in AWEE and <4% in AYEE. The

decrease in the fluorescence intensity of WBA by the titration with increasing maltose or glucose

concentrations shows that the fluorescence of WBA is quenched by the interaction with maltose or

glucose.

Fig. 1

Quenching the fluorescence of WBA by concentrations of maltose up to 1.4 M and glucose up to

2.8 M were examined at 25°C, pH 5.4. The change in fluorescence (AF) is the difference between the

fluorescence intensity (FI) of WBA in the absence of inhibitor (Fmax WBA + buffer) minus the FI of WBA



in the presence of inhibitors (Fmax WBA + inhibitors). It shows the change in fluorescence of WBA due to
the interaction with increasing concentrations of maltose or glucose. The Michaelis-Menten-type
relationships of AF vs. [l]o plots were shown (Fig. 2A). The fluorescence of WBA was partially quenched

in a dose-dependent manner with increasing concentrations of maltose or glucose.

Fig. 2

The plots of AF against lower inhibitor concentrations (0-1 M) obey a Michaelis-Menten-type
relationship at all temperatures and pHs examined. Thus this relationship was treated using the following
equilibrium based on previous report (18):

El —— E+l (4)
where E, I, and El represent the enzyme; inhibitor; and enzyme-inhibitor complex, respectively. In
conditions where the enzyme concentration [E] is negligible compared to the inhibitor concentrations [I], it
can be written as:
[E1] = [E][1]/(Ke+[1]) ()
where Kgq is the dissociation constant of the EI complex and [E]:, is the total enzyme concentration. By
considering that AF is proportional to [EI] (18), it can be rewritten in a linear form:

[I)/AF = (Ka/AFmax) + ([1J/AFmax) (6)



where AFmax is the maximum decrease in fluorescence observed when the enzyme is saturated by maltose

or glucose. The validity of equation (5) is confirmed by the linearity of the Hanes-Woolf plot ([I]/AF vs.

[I] plot) (Fig. 2B). The Hanes-Woolf plot for maltose concentration range (0-1.4 M) up to its higher

concentration resulted in a higher Kq value (0.5 £ 0.6 M) with a larger standard deviation (SD) by

considering that the binding of WBA and maltose was estimated by Eq. (4). We considered the possibility

that the binding is composed of two modes with two Kg (Ka1 and Ka2) values (Fig. 2B). The lower

concentration (0-1 M) of maltose showed a smaller Kq value (0.2 £ 0.1 M), which is similar to the Ki value,

with a smaller SD. The binding of this lower concentration (0-1 M) of maltose is corresponding to the

inhibitory binding to the active site of WBA. We have previously reported the inhibition of WBA activity

by lower concentrations of maltose (0-0.2 M) and glucose (0-0.5 M) (13). The higher maltose

concentration (1.1-1.4 M) gave a higher Kq value (1.5 + 0.4 M) (Fig. 2B) suggesting secondary binding to

WBA. Assuming that Ka2 >> Kqz and [I] >> Kaz,

[VAF = [1](Kaz + [ID/A(AF1Ka2 + (AF1+ AF)[1]  (7)

This indicates that the extrapolation of the straight line at high concentrations of [I] will intersect the

abscissa at [I] = -Kq2. The dotted lines in Fig. 2B were fitted to the data obtained using the concentrations

of maltose >1 M. In the case of glucose, all the evaluated concentrations exhibited good regression (R? =

0.99) from the single linear fitting with the Kq value of 0.3 + 0.1 M, which is in good agreement with the K;

values. Glucose binds to the active site of WBA as a competitive inhibitor in the range of 0-2.8 M. Maltose
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binds to the active site as a competitive inhibitor in the range of 0-1 M and binds to the secondary binding

site of WBA in the range of 1.1-1.4 M.

Tryptophan fluorescence of WBA - The florescence emission of WBA due to its tryptophan and tyrosine

residues was examined by changing the excitation wavelength from 280 nm to 295 nm (Fig. 3A). The

fluorescence of WBA at Aex = 295 nm was quenched up to 8% by 1.4 M maltose and 9% by 2.8 M glucose

(Fig. 3B). The Michaelis-Menten-type plots (Fig. 4A) are the AF of WBA observed by fluorescence

titration of WBA with maltose and glucose at Aex= 295 nm. The Kg values of maltose (0.3 + 0.0 M) and

glucose (0.5 + 0.1 M) in quenching the tryptophan fluorescence were determined at 25°C, pH 5.4 (Fig.

4B). The AF at Aex= 295 nm with increasing concentrations of maltose and glucose indicates that the

fluorescence of WBA due to its tryptophan residues was quenched by the interaction of WBA with maltose

and glucose. It may be due to the change in the states of tryptophan residues of WBA to less hydrophobic

conditions by the interaction with maltose and glucose.

Fig. 3

Fig. 4
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Temperature-dependence of Kg - The fluorescence of WBA reduced by about 20% with increasing

temperature from 25 to 45°C. The respective Kgq values of the WBA-maltose and WBA-glucose

dissociations of lower concentrations (0-1 M) of maltose or glucose were estimated from the Hanes-Woolf

plots at 35, and 45°C, at pH 5.4 (Fig. 5). These plots were derived from the AF of WBA with increasing

concentrations of maltose or glucose according to Eg. 5. The Kg values of the WBA-maltose or

WBA-glucose dissociations increased slightly with increasing temperature from 25°C to 45°C (Table 1).

The Kavalues were 5.0 £ 1.1, 3.2+ 0.8, and 2.7 + 0.9 M-! for maltose and 2.8 +£ 0.9, 2.4 + 0.9, and 2.2 +

0.7 M1, respectively at 25°C, 35°C and 45°C, at pH 5.4. Temperature is suggested to affect the molecular

activity and the conformation of enzymes and hence it slightly affected the Kq and consequently the Ka

values.

Fig. 5

Table 1

The thermodynamic parameters (AG° and AS°) of the binding of WBA with maltose or glucose were

slightly affected by a change in temperature. The AG° and Ka values were found to decrease in magnitude

with increasing temperature (Table 1). The AG° values were changed from -4.0 + 0.8 to -2.5 + 0.8 kJ mol!

in the maltose binging and from -2.5 + 0.9 to -1.9 + 0.7 kJ mol?! in the glucose binding to WBA by

12



changing temperature from 25°C to 45°C, at pH 5.4. The AH° values of the binding of WBA with maltose

and glucose were determined from van’t Hoff plot (Fig. 6) to be -24.3 + 3.2 kJ mol* and -9.7 + 2.5 kJ mol,

respectively.

Fig. 6

pH-dependence of Kq - The effects of maltose and glucose on the fluorescence of WBA was studied at

three different pHs (3.0, 5.4, and 9.0) at 25°C. The optimum pH for the WBA activity in starch hydrolysis

is pH 5.4 (23). The relative activity of WBA in starch hydrolysis is about 60% at pH 3.5 and less than 10%

at pH 7.5 relative to at its optimum pH 5.4 (23). The more acidic pH, 3.0 and alkaline pH, 9.0 conditions

than the optimum pH, 5.4 were considered in this study. The Kq values were determined at each pH from

the Hanes-Woolf plots as presented in Fig. 7A at pH 3.0 and Fig. 7B at pH 9.0. The Hanes-Woolf plot at

pH 5.4, 25°C is shown in Fig. 2B. The estimated Kqvalues at pHs 3.0, 5.4, and 9.0 were almost the same as

0.2 £ 0.1 M for maltose and 0.3 = 0.1 M for glucose. The Kq and AG° values at various pHs were presented

in Table 2. The pH of a reaction affects the ionizable groups of enzymes and the polarity of the solvent

environment and hence, supposed to affect the interactions of enzymes with their inhibitors or substrates.

However, the Kgvalues did not show considerable difference due to the pH change examined. The Ka
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values of WBA and maltose or glucose interactions and the AG° values were hence not affected by

changing the pH from 3.0to 9.0 (Table 2).

Fig. 7

Table 2

DISCUSSION

Quenching the fluorescence of WBA by maltose and glucose - The fluorescence of WBA was partially

quenched by maltose and glucose. WBA (GenBank accession number X98504.1) has 10 tryptophan and 23

tyrosine residues (24). The interaction of certain amino acid residues which quench the fluorescence of

tryptophan residues of SBA were affected up on binding substrates or final products (25). The variation in

magnitude of AF depending on the size of substrates shows the presence of at least two tryptophan residues

in the active site of SBA (25). The states of tryptophan and tyrosine residues of SBA were changed on the

binding with cyclohexadextrin and maltose, producing characteristic difference spectra in the ultraviolet

region (26). In the hydrophobic solvent environment, the fluorescence intensity of a protein increases and the

intensity peak shifts to a shorter wavelength by up to 15 nm (27). Thus, the states of tryptophan and tyrosine

residues of WBA are converted to less hydrophobic condition by the addition of maltose or glucose. Maltose

and gluconolactone inhibited the fluorescence of glucoamylase (18). The positions of Thr330 and Cys331
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were altered by 1.08 and 1.14 A, respectively, by binding maltose and affected the environment of

tryptophan residues around the active site of BacBA (5). In addition to the movement of the flexible loop, the

side chains of Tyr164 flipped by 34° because of maltose binding to BacBA, and the maltose binding to its

C-terminal starch-binding domain interacts with Trp449 and Trp495 (6). These lines of evidence clarify that

the fluorescence of WBA could be affected by the interaction with maltose or glucose. ldentifying the

specific tryptophan or tyrosine residues behind the fluorescence quenching by the interaction enables better

understanding the role of binding subsites of the enzyme.

Despite many similarities among plant f-amylases, microbial BAs differ considerably from plant

BAs in the starch-binding domain located at their C-terminal (2). According to National Center for

Biotechnology Information (NCBI) GenBank database, there are molecular distinctions even among plant

BAs in the number of amino acids, molecular weight and number of Trp and Tyr residues. Using NCBI

Basic Local Alignment Search Tool (BLAST), the amino acid sequence similarity of WBA is 69% with SBA,

82% with barley BA (BBA) and only 30% with BacBA based on the principle reported (28). These BAs vary

in enzymatic behavior such as the molecular activity (keat), Michaelis constant (Km) in hydrolyzing soluble

starch under similar experimental temperature and pH conditions (7, 14, 29). The Ki (5.8 £ 1.1 mM) of

maltose in SBA inhibition is much smaller than that in WBA inhibition (0.2 £ 0.0 M) while that of glucose

(320 = 80 mM) in SBA inhibition is in agreement with that in WBA inhibition (0.4 + 0.0 M) at pH 5.4, 25°C

(7, 13). WBA is less in thermal stability as compared to SBA, BBA, and BacBA. The temperature at which

15



they lose half of their activity after 30 incubation (Tso) are 50°C for WBA (14), 57°C and 63°C for BBA and

SBA, respectively (30). Hence, it could not be possible to extrapolate the experimental result of one BA to

another.

Maltose exhibited two distinct Kq values at lower (0-1 M) and higher concentrations (1.1-1.4 M)

suggesting that it has two modes of binding with WBA. It appeared to bind to the active site of WBA at the

lower concentrations with Kq value similar to the Ki value previously reported (13). This may be the

inhibitory binding at the active site and secondary binding mode at higher (1.1-1.4 M) concentration with

higher Kq value, which is supposed to be different from the active site of WBA. Glucose appeared to have

single mode of biding WBA in this study. In the inhibitory binding at the active site of WBA by glucose and

lower concentration of maltose, they are supposed to quench the fluorescence of tryptophan and tyrosine

residues around the active sites of WBA. The most probable fluorescing residues of WBA quenched by the

interaction are Trp53, Trpl96, Trp299, Tyrl87 and Tyr416 based on the crystal structure of WBA from

SWISS-MODEL (31) using BBA template, PDB2XFR. However, crystallographic study may be required to

confirm this fact and the experimental errors cannot be neglected because of handling small AF in this study.

The subsite affinities of WBA were determined (3) following the subsite theory (32). Glucose binds to

subsites 1 and 4, whereas maltose binds to subsites 1 and 2, and possibly to subsites 4 and 5 in SBA (9). In

BacBA glucose binds to subsites 1 and 2 (7), and to subsites 1, 2 or 4 in barley BA (BBA) (33). WBA has

similar subsite affinities to SBA (3). Maltose is known to have the secondary binding site at about 30 A far

16



from the active site, and also another binding site at domain C in BacBA (5, 6). Therefore, the sugars may

have multiple binding modes or binding sites on B-amylases. Hence, only low concentrations of the

inhibitors were considered for the estimation of Ka values in this study also based on previous

recommendation (34).

The tryptophan fluorescence of WBA — The fluorescence emission of WBA due to its tryptophan residues was

partially quenched by the interaction of WBA with maltose or glucose. The Kq values of maltose (0.3 = 0.0

M) and glucose (0.5 + 0.1 M) in quenching the tryptophan fluorescence of WBA at 25°C, pH 5.4 were

almost similar to their respective Kq values 0.2 £ 0.1 M and 0.4 £ 0.1 M in quenching the total

fluorescence of WBA. This may also imply that quenching the fluorescence of WBA by the interaction with

maltose or glucose is mainly by affecting the conditions of its tryptophan residues.

Temperature-dependence of Kq - The Kq values of the WBA-glucose and WBA-maltose dissociations were

slightly affected by temperature as it influences the molecular activities of the solvent and reactants. It also

affects the structure of the protein, which entails changes in enzyme-inhibitor binding or dissociation (20,

34). The Kg values in this study and the Ki values from our previous Kinetic study (13) are in good

agreement. A slight increase in Kq values with temperature was observed (Table 1). Increasing Ki values

with increasing temperature were also previously reported in various enzymes (21, 22, 34). The condition
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of the solvent environment plays a decisive role in the fluorescence intensity of proteins. An increase in

UV light absorption (A202nm) of SBA with increasing concentration of maltose was ascribed to nonspecific

solvent perturbation effect (25).

Temperature exerted slight influence on the thermodynamic parameters of maltose and glucose

binding to WBA (Table 1). The AG° value decreased by 1.5 kJ moltin maltose and 0.6 kJ mol?! in glucose

with increasing temperature from 25°C to 45°C due to an increase in the entropy changes with increasing

temperature. The negative AH® shows that the bindings of maltose or glucose to WBA are exothermic and the

AGP indicates that the binding processes are spontaneous (Table 1). The crystallographic study of the binding

of glucose and maltose to the active site of BacBA revealed that it is mainly by forming hydrogen-bonds (5).

Higher AG° values were obtained in maltose binding to WBA than that of glucose (Tables 1), which agrees

with their structural compositions. One maltose molecule contains two glucose residues and binds to two

subsites of WBA while one glucose molecule binds to only one subsite and hence there are more H-bonds in

maltose than glucose in binding to WBA.

pH-dependence of Kg - The Kq and AG®° values did not show considerable difference with change in pH.

There was redshift in Amax of WBA fluorescence from 338 nm at pH 5.4 to 343 nm at pH 9.0 and 344 nm at

pH 3.0. This is because of an exposure of the fluorescing residues of the enzyme to the polar solvent

environment. The isoelectric point (pl) of WBA is 5.8 (35), which is similar to that of SBA, 5.6 (36). This
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implies that at pH 3.0, WBA is positively charged and both glucose and maltose bind the active site in this

state (13). The inhibition type depends on the binding sites of inhibitors (37). However, the Kaand thus AG®

values were not dependent on pH change from pH 3.0 to 9.0.

In the enzymatic starch hydrolysis process, maltose and glucose are continuously produced.

Studying the molecular interaction of these end-products and WBA is valuable to identify the reaction

condition where the product inhibition is relatively low and seek possible mechanisms of reducing the

end-product inhibition. The change in fluorescence intensity (AF) of WBA by maltose and glucose showed

that the tryptophan and tyrosine environments around its binding sites are affected as the result of binding the

sugars. Quenching the fluorescence of WBA with maltose or glucose may be mainly by affecting the states

of tryptophan residues. Maltose is suggested to have two binding modes to WBA at low and higher

concentrations. The Ka and AG° values were slightly affected by temperature but not pH-dependent.
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Table 1. The temperature-dependence of the association constant (Ka) and thermodynamic parameters

of maltose and glucose binding to WBA.

Temperature (K) Kd (M) Ki (M)* Ka(M1) AG®° (kJ mol?) TAS° (kJ mol?)

298 02+01 01+£00 50+1l1 -40+0.8 -20.3+ 3.3
Maltose 308 03+£01 01+£00 32+0.38 -29+0.5 -21.4+4.3
318 04+01 02£00 2709 -25+£0.8 -21.9+ 438
298 04+01 03+£00 28£09 -25 £ 09 -7.2 £ 1.0
Glucose 308 04+£02 04£01 24+09 -2.2 £ 0.7 -1.5+1.4
318 05+01 04+£00 22£0.7 -1.9 £ 0.7 -7.8+1.3

*cited from reference (13)

The experiment was conducted at various temperatures at pH 5.4, and the initial enzyme concentration [E]o

was 0.2 uM. The AH° values obtained from the van’t Hoff plots were -24.3 + 3.2 kJ mol* for maltose and

-9.7 £ 2.5 kJ mol" for glucose binding to WBA. The values are mean + SD, each experiment was done in

triplicates.
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Table 2. The pH-dependence of the association constant (Ka) and change in Gibbs energy (AG°) of

maltose and glucose binding to WBA.

pH Ka (M) Ki (M)* Ka (ML) AG® (kJ mol)
3.0 02+0.1 0.1+0.0 46 + 0.6 3.8 + 0.8
Maltose 5.4 02+0.1 0.2+0.0 50+0.8 -4.0+0.8
9.0 0.2+0.0 0.1+0.0 59+ 1.0 4.4£0.9
3.0 03+0.1 0.3+0.0 3.5+0.9 31407
Glucose 5.4 03+0.1 0.4+0.0 28+1.1 2.5 + 0.7
9.0 0.3+0.1 0.2+0.0 3.9+ 1.0 3.3 + 06

* cited from reference (13)

The experiment was conducted at various pH at 25°C and the initial enzyme concentration [E]o was 0.2 uM.

The experiments were done in triplicates and the values are mean + SD.
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FIGURE LEGENDS

Fig. 1.

Fig. 2.

The effects of increasing concentrations of maltose 0-1.4 M (A) and glucose 0-2.8 M (B) on the

fluorescence of WBA. The initial concentration of WBA was 0.2 uM. The fluorescence intensity of

WBA was partially quenched up on titration with increasing concentrations of maltose or glucose at

25°C, pH 5.4 and Aex = 280 nm.

The change in fluorescence intensity (AF) of WBA with increasing concentrations of maltose and

glucose (A). Hanes-Woolf plots of the change in WBA fluorescence (AF) with increasing

concentrations of maltose and glucose (B). The markers in both plots are for maltose (O) and for

glucose (O). Kq1 isthe Kq value of maltose at lower concentration and Kq2 at higher concentration. The

experiment was conducted in triplicates at 25°C, pH 5.4 at Aex = 280 nm.

Fig. 3. The fluorescence intensity of WBA with excitation at 280 nm (—) and at 295 nm (=) in panel A. The

Fig. 4.

fluorescence of WBA excited at 295 nm in the absence of inhibitors (—), in the presence of 1.4 M

maltose () and 2.8 M glucose (---) in panel B. The initial concentration of WBA was 0.2 uM and

the experiment was conducted at 25°C, pH 5.4.

The change in fluorescence intensity (AF) of WBA with increasing concentrations of maltose and

glucose (A). Hanes-Woolf plots of the change in WBA fluorescence (AF) with increasing

concentrations of maltose and glucose (B). The markers in the plots are for maltose (O) and for

glucose (O). The experiment was done in triplicates at 25°C, pH 5.4, at Aex = 295 nm.
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Fig. 5. Hanes-Woolf plots of maltose (O) and glucose (O) quenching the fluorescence of WBA at 35°C

(Panel A), and at 45°C (Panel B) at pH 5.4 at Aex = 280 nm. The Hanes-Woolf plot at 25°C, pH 5.4

was presented in Fig. 2B. The Kq values of maltose and glucose were obtained from the x-intercepts

of the linear equations. The linear plots are independent for glucose and maltose under similar

temperature and pH conditions; the graphs do not show type of inhibition.

Fig. 6. van't Hoff plots of maltose and glucose quenching the fluorescence of WBA with increasing

temperature at pH 5.4 at Aex = 280 nm. The markers in the plots are for maltose (O) and for glucose

(D). The standard enthalpy changes (AH°) of WBA binding maltose or glucose were obtained from

the slope of the linear equations (slope = -AH9/R). The values of AH® were -24.3 + 3.2 kJ mol! for

maltose and -9.7 + 2.5 kJ mol for glucose.

Fig. 7. The Hanes-Woolf plots of maltose and glucose quenching the fluorescence of WBA at pH 3.0 (Panel

A) and at pH 9.0 (Panel B) at 25°C at Aex = 280 nm. The Hanes-Woolf plot at pH 5.4, 25°C was

presented in Fig. 2B. The markers in the plots are for maltose (O) and for glucose (o). The

x-intercepts of the linear equations give -Kq values in this study.
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