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Purification and Characterization of Vanilla Bean (Vanilla
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Développement (CIRAD), TA50/16, 34398 Montpellier Cedex 5, France

Vanilla bean $-p-glucosidase was purified to apparent homogeneity by successive anion exchange,
hydrophobic interaction, and size-exclusion chromatography. The enzyme is a tetramer (201 kDa)
made up of four identical subunits (50 kDa). The optimum pH was 6.5, and the optimum temperature
was 40 °C at pH 7.0. K, values for p-nitrophenyl-$-p-glucopyranoside and glucovanillin were 1.1
and 20.0 mM, respectively; Vihax values were 4.5 and 5.0 ukat-mg~1. The fS-p-glucosidase was
competitively inhibited by glucono-d-lactone and 1-deoxynojirimycin, with respective K; values of 670
and 152 uM, and not inhibited by 2 M glucose. The pj-p-glucosidase was not inhibited by
N-ethylmaleimide and DTNB and fully inhibited by 1.5—2 M 2-mercaptoethanol and 1,4-dithiothreitol.
The enzyme showed decreasing activity on p-nitrophenyl-3-p-fucopyranoside, p-nitrophenyl-3-p-
glucopyranoside, p-nitrophenyl-5-p-galactopyranoside, and p-nitrophenyl-3-p-xylopyranoside. The
enzyme was also active on prunasin, esculin, and salicin and inactive on cellobiose, gentiobiose,
amygdalin, phloridzin, indoxyl-$-p-glucopyranoside, and quercetin-3-5-p-glucopyranoside.
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INTRODUCTION extracts obtained under various conditioB)s {0 our knowledge,

the f-glucosidase activity has not yet been purified. The
objective of this work was to purify vanilla beghglucosidase

and characterize some of its properties to better understand the
events occurring during the curing process.

Upon natural ripening of vanilla beans, whether on the vine
or during curing {—3), a$-glucosidase is responsible for the
hydrolysis of nonvolatile glycosidic aroma precursors consisting
mainly of vanillin S-glucoside (or glucovanillin) and minor
glycosides ofp-hydroxybenzaldehydg-hydroxybenzoic acid
(4), vanillic acid, andp-hydroxybenzyl alcohol (5). The agly- MATERIALS AND METHODS
cons, mostly vanillin, thereby released are responsible for the  pjant Material. Several batches of mature green vanilla beans were
strong vanilla flavor of the beans. The traditional method of harvested in the Comores Islands between June and August 2001,
curing vanilla beans in the Democratic Republic of Madagascar, immediately air-freighted to our laboratory, and treated upon arrival.
Réunion Island, and Indonesia starts by a killing step, whereby  Chemicals.p-Nitrophenyl glycosides, 2-mercaptoethanol, 1,4-dithio-
mature vanilla beans are put in a hot water bath {@Cor 3 threitol, N-ethymaleimide, 5,5dithiobis(2-nitrobenzoic acid) (DTNB),
min), immediately followed by a sweating period during which 1-deoxynajirimycin, glucono-o-lactone, salicin, amygdalin, esculin,
beans are placed in cloth-lined wooden boxes for 24 h at ambientgh'oridhzmv f[e))”Obilose- gentiobi%se, rd(’tﬁ?'gmé%)yg”hoﬂde' 6‘?:10’:)‘0'

qn ; -naphthyl-Be-glucopyranoside, Fast Blue -(2-hydroxyethyl)-
geem%i?;sz;r?ﬁ ekggg%:tgﬁrlisn g %r:;:,:géi;toeﬂﬁ\ilse 2;232ii2u§ Q;Diperazine-N’-(Z-ethanesquonic acid) (HEPES), and molecular weight

b ted ila b dried for 3 ths b . “markers were from Sigma (St. Louis). Prunasin and quercetirp3--
een repeated, vanilia beans are dried for 5 montns by eXpOSIngglucopyranoside were from Extrasynthése (Genay, France). @ctyl-

them to the morning sun and storing them in the shade during ;_giycopyranoside was from Fluka (Basel, Switzerland). DEAE
the afternoong). However, during the initial killing-sweating Sepharose Fast Flow, Phenyl Sepharose Fast Flow, and HiPrep
steps of the curing process, only 40% of the glucovanillin is Sephacryl S-300 HR were from Amersham Biosciences Europe GmbH
hydrolyzed into vanillin 8). Furthermore, during the drying  (Saclay, France). All other reagents were of the best available grade.
period, the vanillin content (as a proportion of dry matter) no  Purification of Glucovanillin. Vanilla beans (160 g) were ground
longer increases from that reached after the initial steps. with a Waring blendor in 96% ethanol (500 mL). The slurry was boiled

There is little data concerning vanilla begrglucosidase for 30 min, and the medium was filtered on Whatman filter paper and

. P, - brought to dryness in a vacuum rotary evaporator. The residue was
Wlth iny a few paperls mentlonlng the level of activity ypon dissolved in distilled water and extracted with methylene chloride (4
ripening (1,2, 6), during the curing process (2, 7) or in

x 100 mL). The aqueous phase was injected onto an XAD-2 column

(5 x 20 cm) (Rohm and Haas France S.A., Chauny, France); after the
*To whom correspondence should be addressed. Phone: 33-(0)4-67-column was washed with water (500 mL), ethanol (250 mL) was passed,

61-58-00 (ext 5295). Fax: 33-(0)4-67-61-44-33. E-mail: brillouet@cirad.fr. and the medium was brought to dryness. The residue was then dissolved
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Figure 1. (A) DEAE Sepharose Fast Flow chromatography, (B) Phenyl
Sepharose Fast Flow chromatography of pooled, active fractions from
DEAE Sepharose Fast Flow chromatography, and (C) HiPrep Sephacryl
S-300 HR size-exclusion chromatography of pooled, concentrated active
fractions from Phenyl Sepharose Fast Flow chromatography [(—) protein
at 280 nm, (®) /3-glucosidase activity, (--+) 0 — 0.5 M NaCl gradient].
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Figure 2. (A) Native PAGE of the vanilla bean j-glucosidase: lane 1,
protein staining with Coomassie Brilliant Blue G-250 (10 ug of protein);
lane 2, activity staining with 6-bromo-2-naphthyl-/3-b-glucopyranoside and
Fast Blue BB (15 ug of protein). (B) SDS—PAGE of the vanilla bean
B-glucosidase, protein staining with Coomassie Brilliant Blue G-250: lane
3, B-glucosidase (5 ug of protein); lane 4, molecular weight markers.

in methanol (30 mL), and the solution was kept-&t8 °C for 48 h.
After crystallization of glucovanillin, the methanolic supernatant was

J. Agric. Food Chem., Vol. 51, No. 10, 2003 3169

100

Relative activity
H (2] o]
o o o

I

[
(=]
|

3 5 7 9 11

pH
Figure 3. (A) S-Glucosidase activity as a function of pH [(®) 0.2 M citric
acid—NaOH; (O) 0.066 M KH,PO4—Na;HPO,; (M) 0.05 M Tris—HClI; (a)
0.05 M KCl-boric acid—NaOH; (O) 0.05 M KCI-NaOH buffers; 40 °C,
20 min, 0.05 nkat]. (B) S-Glucosidase stability as a function of pH
[incubation of 1 nkat in the above buffers for 4 h at 20 °C and then
measurement of activity under standard conditions (0.1 M phosphate buffer,
pH 7.0, 40 °C, 20 min)].

13

was passed through a Supelclean LC-18 SPE column (6 mL) (Supelco,
Pennsylvania). The solution was then brought to dryness; glucovanillin
crystals were then dried overnight in a vacuum oven (G0 Yield:

240 mg. The purity was estimated after total hydrolysis with sweet
almondg-glucosidase by measuring the vanillin content by HPBE (
96%.

Enzyme Assayf5-Glucosidase activity was determined by incubating
0.2 mL of 4 mM p-nitrophenyl-f-glucopyranoside (pNPG) in 0.1 M
sodium phosphate buffer (pH 7.0) with 0.2 mL of enzyme diluted in
the same buffer<0.2 nkat in the reaction medium) for 20 min at 40
°C. The reaction was stopped by the addition of 1.0 mL of 0.5 M NaOH,
and the absorbance was read at 400 nm. One nkAtgificosidase
activity is the amount of enzyme that hydrolyzes 1 nmol of substrate/s
at pH 7.0 (40°C).

Protein Determination. Proteins were recorded in column effluents
at 280 nm or measured by the Lowry meth®) @sing bovine serum
albumin as a standard after precipitation with trichloroacetic acid (7.5%
final concentration), centrifugation (1005 min), and subsequent
dissolution of the pellet in 0.5 M NaOH (10 min, boiling water).

Purification of the f-Glucosidase The whole purification procedure
was conducted at 28C.

(a) Extraction Vanilla beans (150 g) were homogenized in a Waring
blendor with 1.5 L of 20 mM Tris-HCI buffer (pH 8.0), and the slurry
was filtered on muslin.

(b) Anion Exchange Chromatography. The glucosidase extract (1.1
L) was loaded at 10 mimin~! onto a DEAE Sepharose Fast Flow
column (2.6x 20 cm) equilibrated with 20 mM TrisHCI buffer (pH
8.0), and the column was washed with the same buffer until zero UV
absorbance. A linear gradient {8 0.5 M) of NaCl (300 mL) in the
same Tris—HCI buffer was then applied. Fractions (10 mL) were
collected (Figure 1A).

(c) Hydrophobic Interaction Chromatograph4ctive fractions from
(b) eluted in the range 0.29.45 M NaCl were combined (150 mL),
(NH.,),SO; was added to 1 M final concentration, and the mixture was
injected at 5 mL-min* on a Phenyl Sepharose Fast Flow column (2.6
x 12 cm) previously equilibrated with 20 mM Tris—HCI buffer (pH
8.0) containing 1 M (NH).SOs. The column was washed with the same
buffer until zero UV absorbance and then eluted with 20 mM “fris
HCI buffer (pH 8.0). Fractions (3 mL) were collecteldigure 1B).

(d) Size-Exclusion Chromatographctive fractions from (c) were
combined (48 mL) and concentrated to 4 mL with a Macrosep 3K
Omega centrifugal device (molecular weight cutoff 3000; Pall, Michi-
gan) for 90 min at 500§ NaCl was added to 0.15 M final
concentration, and the mixture was injected at 30lmtonto a HiPrep
Sephacryl S-300 HR column (1.6 60 cm) previously equilibrated
with 20 mM Tris—HCI buffer (pH 8.0) containing 0.15 M NacCl.
Fractions (2 mL) were collected (Figure 1C).

Electrophoresis. PAGE (10ug for protein staining and 1gg for

discarded. Crystals were then washed on a fritted crucible with ethyl activity staining) was conducted in a Mini-Protean Il dual-slab
acetate and redissolved in distilled water (50 mL), and the solution electrophoresis cell (Bio-Rad, California) on 7.5% acrylamide gels.



3170 J. Agric. Food Chem., Vol. 51, No. 10, 2003 Odoux et al.

Table 1. Purification of Vanilla Bean 5-b-Glucosidase

total

protein total protein specific activity
vol activity concn activity amt activity yield purification
step (mL) (nkat-mL~1) (mgemL~1) (ukat) (mg) (ukat-mg~1) (%) factor
crude extract 1100 151 0.37 166.1 407.0 0.41 100.0 1.0
DEAE Sepharose 150 423 0.23 63.5 345 1.84 38.2 45
Phenyl Sepharose 48 672 0.28 323 13.4 241 19.4 5.9
Sephacryl S-300 HR 16 869 0.29 139 4.7 2.96 8.4 7.2

SDS-PAGE (5ug of purified5-glucosidase) was performed according dianisidine system (12). Aglycons released from some substrates by
to Laemmli (LO) on 12% acrylamide gels. Molecular weight markers the enzyme were measured by HPLC.

were ovalbumin (M 45000), bovine serum albumin (66200), phos-

phorylase B (97400)3-galactosidase (116200), and myosin (200000). RESULTS AND DISCUSSION

The gels were stained with Coomassie Brilliant Blue G-250 according

to the ma_nufac_turer directions (I_?;io-Raqf}.GIucosidase activity was It should first be mentioned that the purification procedure
revealed in native PAGE gels with 6-bromo-2-naphtByt-glucopy- gave very similar results when applied to other batches of mature
ranoside and Fast Blue BB (11). green vanilla beans originating from Mexico and the Democratic

Molecular Weight dDetermi”?jtiO”: The ﬁg'ecug’“ Wheightl gfégg 1 Republic of Madagascar. Furthermore, extraction was conducted
native enzyme was determined using a HiPrep Sephacryl S- on fresh beans since we found in a preliminary experiment that

column (1.6x 60 cm) eluted at 30 mih~* with 20 mM Tris—HCI ; . o
(pH 8.0) containing 0.15 M NaCl. The column was calibrated with freezing strongly lowers thg-glucosidase activity. The extrac-

ovalbumin (M, 45000), phosphorylase B (97400), aldolase (168000), {ion of f-glucosidase from vanilla beans was performed in 20
ferritin (440000), and thyroglobulin (669000). The subunit molecular MM Tris—HCI buffer (pH 8.0) without the addition of protective
weight was determined by SDS—PAGE. agents such as polyvinylpolypyrrolidone, 2-mercaptoethanol,
Effect of pH. The pH optimum was determined by measuring ascorbic acid, or protease inhibitors, as levels of activity were
f-glucosidase activity under standard conditions (0.05 nkat in the assay)stable and similar in extracts obtained with and without
using 0.2 M citric acid—NaOH, 0.1 M K#PQ,—~N&HPQ,, 0.05 M protective agents. The extraction was performed at pH 8.0 since
Tris—HCI, 0.05 M KCl—boric acid—NaOH, and 0.05 M KENaOH preliminary experiments had shown that the activity was very
_b“ﬁirs'_ PH ftﬁb'“ty yf\(as mleasurgd ””‘ierkSta”fiirﬂ coggljlcc:)r)s after ynstable in acidic conditions. Contrary to previously reported
incubation of the purifieds-glucosidase (1 nkat) at n extraction conditions (v/w= 1; ref8), we used a buffer volume
the above buffers. . " . .
q tomass of vanilla beans ratio equal to 10 since we showed in

Effect of Temperature. The temperature optimum was determine limi . h hé-al .
by measurings-glucosidase activity under standard conditions (0.05 & Preliminary experiment that thg-glucosidase was very

nkat) in the temperature range 200 °C. Temperature stability was ~ Unstable at lower ratios. Since tffep-glucosidase activity in
measured under standard conditions after incubation of the purified Crude extracts was much more stable at ambient temperature
B-glucosidase (1 nkat) in 0.1 M phosphate buffer (pH 7.0) for 30 min than in the cold, the whole purification procedure was conducted
at different temperatures (20—7C). at 20°C.

Kinetic Parameters. The activity of the purifieds-glucosidase was Most proteins present in the extract did not bind to DEAE
megsured un_der standard conditions (O_.05 nkat) with thg _flnal concen-gepharose Fast Flowigure 1A), while theB-glucosidase was
gg&og ;IOpég't;mhaenng;gglgcé)&yg%nr?i'ﬂdere:re‘i'::\fglvamnégstj’?e%g%ts eluted between 0.25 and 0.4 M NaCl. Active fractions were

X ' - 18P v pooled, (NH).SO, was added to 1 M final concentration, and

were carried out in triplicate. h . e d Ph | Seph | o
Effect of Various ReagentsThe purifieds-glucosidase (0.05 nkat the mixture was injected onto a Phenyl Sepharose column. Once

in 200 4L of 0.1 M sodium phosphate buffer, pH 7.0) was incubated @dain most proteins did not bind to the hydrophobic exchanger,
for 60 min at 4°C with various concentrations of the following ~ While the enzyme was strongly adsorbed. Since preliminary
reagents: 10 mM 5,5'-dithiobis(2-nitrobenzoic acid), 25 ni4 experiments had shown that no proteins were eluted over a
ethylmaleimide, and 10 mM EDTA. The residual activity was then decreasing (NB).SOy linear gradient (1 M— 0), the activity
measured under standard conditions; since DTNB developed interferingwas eluted by passing 20 mM Ti$1Cl buffer (pH 8.0) Figure
coloration in the standard assay, 4 mM glucovanillin was used as 1B). Active fractions were pooled, concentrated with a Macrosep
substrate in place giNPG. Released vanillin was measured by HPLC gk Omega centrifugal device, and injected onto a Sephacryl
(3). Reagents in the 4Q4L assay volume were therefore at half their - g 3450 HR column. Some inactive proteinaceous material was
initial concentration. The purifiegs-glucosidase (1 nkat) was also observed, while th-glucosidase activity was eluted at around

incubated for 60 min at 4C in the presence of 0.6%2 M 2-mercap- ; o -
toethanol or 1,4-dithiothreitol in 0.1 M sodium phosphate buffer (pH 60 mL (Figure 1C). A summary of the purification of vanilla

7.0); residual activity was then measured under standard conditions Peéangs-glucosidase is presented Trable 1.
(pNPG as substrate). At this stage of purification, thg-glucosidase appeared as

Effect of Metal lons. The purified-glucosidase (0.05 nkat in 200  electrophoretically homogeneous, giving a single protein band
uL of 50 mM HEPES-NaOH buffer, pH 7.0) was preincubated for  (Coomassie Brilliant Blue staining) in native PAGEidure
30 min at 4°C in the presence of various concentrations of metal ions. 2A). On the same gel, after staining fBrglucosidase activity
The activity was then measured under standard conditions but usingysing 6-bromo-2-naphthy-p-glucopyranoside and Fast Blue
50 mM HEPES—NaOH buffer (pH 7.0) in place of 0.1 M phosphate  gg "5 gingle red, diffuse band was observed at the same
buffer due to the poor solubility of most metal ions in phosphate buffer. migration distance (Figure 2A). When electrophoresed in-SDS
lons in the 400uL assay volume were therefore at half their initial PAGE, the S-glucosidase ga.ve a single band at 50 kDa

concentration.
Substrate Specificity. The activity of the purifiegs-glucosidase was ~ Molecular massHigure 2B andTable 2). The molecular mass

measured under standard conditions (0.1 nkat) with various substratesOf the_ native -glucosidase was _6“50 determined by size-
at 2 mM final concentration. For some substrates, glucose released byexclusion chromatography on a calibrated Sephacryl S-300 HR
the enzyme was determined by the glucose oxidase/peroxddase/ column and found to equal 201 kDagble 2), indicating that
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Figure 4. (A) S-Glucosidase activity as a function of temperature (0.1 M
phosphate buffer, pH 7.0, temperature range of 20~70 °C, 20 min). (B)
B-Glucosidase stability as a function of temperature [incubation of 1 nkat
in 0.1 M phosphate buffer (pH 7.0) for 30 min at different temperatures
(20—70 °C) and then measurement of activity under standard conditions
(0.1 M phosphate buffer, pH 7.0, 40 °C, 20 min)].
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Figure 5. Effect of (A) 2-mercaptoethanol and (B) 1,4-dithiothreitol on
enzyme activity. The S-glucosidase (1 nkat) was exposed for 1 h at 4 °C
to different concentrations of the reducing agents in a total volume of
200 uL of 0.1 M phosphate buffer, pH 7.0. Then the residual activity was
measured under standard conditions (0.1 M phosphate buffer, pH 7.0,
40 °C, 20 min) and expressed as a percent of activity measured without
reducing agent.

Table 2. Properties of Vanilla Bean 3-p-Glucosidase

property
molecular mass (kDa)? 201
subunit molecular mass (kDa)® 50
optimum pH 6.5
optimum @® (°C) 40
glycosylation® +
p-Nitrophenyl-3-p-glucopyranoside
Vmax (40 °C, pH 7) (ukat-mg?) 45
Km (40 °C, pH 7) (mM) 11402
Glucovanillin
Vimax (40 °C, pH 7) (ukat-mg ) 5.0
K (40 °C, pH 7) (mM) 200420

Glucono-d-lactone
Ki (40 °C, pH 7, pNPG as substrate) («M)

1-Deoxynojirimycin
Ki (40 °C, pH 7, pNPG as substrate) («M)

670, competitive inhibition

152, competitive inhibition

@ Determined by size exclusion chromatography on Sephacryl S-300 HR.
b Determined by SDS—-PAGE. ¢ Tested by the phenol-sulfuric acid method (18).
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agreement with the previously determined optimum pH on crude
extracts of vanilla beans from Costa Ri@xénd Reunion Island
(19). An optimal pH of 4.0, however, was reported for crude
enzyme extracts from Indonesian vanilla beaf)s The vanilla
bean -glucosidase was shown to be very unstable below
neutrality since it lost its activity below pH 6.0 afté h at 20

°C (Figure 3); conversely, it was found very stable under neutral
and alkaline pH since it retained up to 63% of its activity at pH
12 under the same conditions. The vanilla bgaglucosidase
exhibited an optimum temperature of 4C and is fully
inactivated after 30 min at 7€C in 0.1 M phosphate buffer
(pH 7.0) Figure 4). The purified enzyme retained its activity
for at least 6 months in 20 mM Tris—HCI buffer (pH 8.0) at
4 °C.

The Ky, for p-nitrophenyl-gp-glucopyranoside was 1.1 mM
(0.1 M phosphate buffer, pH 7.0; 4C) (Table 2), a value
similar to those reported for rubber tree leaf (20) and butter
bean (21)j-glucosidases and differing from a previously
reportedKr, (0.38 mM) measured using crude enzyme extracts
of Indonesian vanilla beans (0.1 M acetate buffer, pH 4.0; 30
°C) (7). TheVmaxWwas high (4.5ukat-mgt) and comparable to
that obtained for butter bean glucosida3)( TheKn, andVimax
for glucovanillin (natural substrate) were 20.0 mM and 5.0
ukat-mg1, respectively. The vanilla begf-glucosidase was
competitively inhibited by gluconé-lactone and 1-deoxynojiri-
mycin with apparenk; values of 670 and 152M, respectively
(Table 2). Thus, thig-glucosidase is only weakly inhibited by
1-deoxynojirimycin compared to sweet almofiecglucosidase
(pH-correctedK; = 6.5uM) (22). Interestingly, the vanilla bean
B-glucosidase was not inhibited by glucose up to 2 M.

When residual activity was measured after vanilla bean
pB-glucosidase had been incubated for 60 min &C4in the
presence of 0.052 M 2-mercaptoethanol, it was found to be
enhanced up to:2 at 0.5 M (Figure 5), yet 95% off-glucosi-
dase activity was lost at 2 M. Very similar behavior (i.e.,
activation up to 1.3 at 0.5 M and then loss of activity at 2 M)
was observed for the maize coleoptjeglucosidase when
preincubated with 2-mercaptoethan2B); A small enhancement
of activity (1.2x) was also observed when the enzyme was
exposed to 50 mM 1,4-dithiothreitol, with almost complete
activity loss at 1.5 M. Therefore, although the activation of
pB-glucosidase at low to moderate concentrations of reducing
agents remains poorly understood, the inactivation occurring
at high concentrations suggests that the vanilla Ifeglucosi-
dase requires disulfide bonds for activity. Similar to sweet
almond f-glucosidase (24), the vanilla bean enzyme was
strongly inhibited (96%) by Ci at 1 mM and also by Z&t
(Table 3). MgZ™ and C& little affected the enzyme activity,
while C&?™, Mn2*, and N#" inhibited the activity by 56-70%.
Hg?" had a pronounced inhibitory effect since almost all the
activity is lost at 60uM. Contrary to maize coleoptil8-glu-
cosidase, which is fully inhibited by 256V Hg?* and 32uM
Ag™ (23), Ag" is not inhibitory at 0.1 mM and decreased the
activity by 70% at 1 mM. Although the enzyme is strongly
inhibited by Hg', absence of inhibition by thiol reagents,
DTNB and N-ethymaleimide, suggests that no accessible SH

the vanilla bearB-glucosidase is a tetramer built of four identical groups are involved in activity. EDTA did not inhibit the

subunits. The subunit molecular mass of vanilla bgeglu- activity.

cosidase is similar to the molecular masses of monomeric Despite its electrophoretic homogeneity, the vanilla bean

glucosidases (13,4) or of subunits of polymeric glucosidases [-glucosidase exhibited activity not only grnitrophenyl-j-

(15—17). Glycosylation of the vanillg-glucosidase was tested  D-glucopyranoside but also gmnitrophenyl-gp-fucopyrano-

positive by the phenol—sulfuric acid method (18)able 2). side,3-D-galactopyranoside, af#ip-xylopyranoside (Table 4)
The vanilla bearp-glucosidase exhibited a sharp optimum with relative activities at 2 mM of 1:2.15:0.61:0.05. Similar

pH curve with a maximum at pH 6.9-{gure 3), a result in ratios were found for these four substrates ingkgucosidases
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Table 3. Effect of Metal lons on Vanilla Bean j-p-Glucosidase

concn concn
tested relative tested relative
ion (mM) activity? ion (mM) activity?
Hg?* 0.001 78 Mg?* 1 89
0.005 58 Caz+ 1 82
0.02 29 Co?* 1 47
0.04 6 Mn2* 1 34
0.06 3 Niz+ 1 30
Ag* 0.1 112 Zn?* 1 7
1 29 Cuz+ 1 4

2 The S-glucosidase (0.05 nkat in 200 L of 50 mM HEPES—NaOH buffer, pH
7.0) was exposed for 30 min at 4 °C to different concentrations of metal ions. The
activity was then measured under standard conditions and expressed relative to
the activity measured on p-nitrophenyl-5-p-glucopyranoside (100) without added
ion.

Table 4. Relative Activity of Bean [5-p-Glucosidase on Various
Substrates

relative

substrate activity?
p-nitrophenyl-/3-p-glucopyranoside 100
p-nitrophenyl-/3-p-fucopyranoside 215
p-nitrophenyl-5-p-galactopyranoside 61

p-nitrophenyl-3-b-xylopyranoside 5

p-nitrophenyl-3-p-mannopyranoside ndb
p-nitrophenyl-a-L-arabinofuranoside nd
p-nitrophenyl-a-L-rthamnopyranoside nd
p-nitrophenyl-o.-p-glucopyranoside nd
glucovanillin® 22
prunasin® 300
esculin® 92
salicined 3.6
phloridzind nd
indoxyl-3-p-glucopyranoside®d nd
quercetin-3-/3-p-glucopyranoside¢—¢ nd
amygdalindf nd
octyl-B-b-glucopyranosided" 0.4
cellobiosedf nd
gentiobiosed" nd

22 mM substrate concentration, 0.1 M sodium phosphate buffer (pH 7.0), 20
min, 40 °C, 0.1 nkat of enzyme. Activity expressed relative to activity measured
on p-nitrophenyl-B-p-glucopyranoside (100). ® Not detected. © Released aglycon
measured by HPLC. ¢ Incubated with the enzyme for 5 h. ¢ Assayed in the presence
of 10% ethanol. f Released glucose measured by the glucose oxidase/peroxidase/
o-dianisidine system.

from butter beanPhaseolus lunatu@1), and wheat seedlings
(17). Broad specificity of plang-glucosidases with regard to
p-nitrophenyl glycosides was also observed in sweet chg) (
maize (26), andPolygonum tinctoriumeaves (27) with maxi-
mum activity found orp-nitrophenyl-gp-fucopyranoside. No
activity was found orp-nitrophenyl$-p-mannopyranoside-L-
arabinofuranosidey-L-rhamnopyranoside, angb-glucopyra-
noside. Like rubber tree2Q) and maize 26) -glucosidases,
the vanilla beans-glucosidase does not hydrolyze glycosyl
glucosides, cellobiose, gentiobiose, and amygdalimande-
lonitrile-5-gentiobioside). Thus, according to its specificity, this
vanilla enzyme can be viewed more ag-a-glycosidase than
as ap-p-glucosidase. Rates of hydrolysis of prunasin, esculin,
glucovanillin, and salicin at 2 mM were 3.00:0.92:0.22:0.04
relative topNPG, which was unexpected since the aglycon of
salicin is structurally closer to vanillin than esculin. Similar
specificity was observed in the case of wheat seedfuju-
cosidase (17). Phloridzin, indoxyp-glucopyranoside, and
quercetin-3-fp-glucopyranoside were not substrates. Ogtyl-
D-glucopyranoside was hydrolyzed at a very slow rate (0.4%
vs pNPG).

Odoux et al.
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