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The importance of -mannosidases in glycoproteins processing and their application in food and
pharmaceutical industry led us to further explore plant -mannosidases. Thus, two -mannosidases
were purified from matured breadfruit (Artocarpus communis) seeds, by successive chromatography
on Diethylaminoethyl-Sepharose CL-6B and Sephacryl S-200 HR to apparent homogeneity. The two
isoenzymes named Ma and Mb had native molecular weights of approximately 75 and 60 kDa,
respectively. Sodium Dodecyl Sulfate- polyacrylamide gel electrophoresis of these -mannosidases
resolved a single protein band with molecular weights estimated to be 75 kDa for isoform Ma and 61
kDa for Mb. Breadfruit -mannosidases had optima pH (5.6) and temperature (60°C), and appeared to
be stable in presence of some detergents such as Hexansulfonic acid sodium salt, Polyoxyethylen-9-
lauryl ether, Nonidet P40, Triton X-100 as well as Ca” and Zn*". The effect of -mannosidase inhibitors
on the two isoenzymes showed that swainsonine and 1,4-dideoxy-1,4-imino mannitol at 0.01 mM totally
inhibited their hydrolytic activity, while kifunensine and deoxymannojirimycin at the same
concentration had no effect on these enzymes. Substrate specificity tests revealed that the enzymes

exerted only -mannosidase activity and cleaved
breadfruit seed

-(1,2);
-mannosidases were sensitive to furanose transition state analogs such as

-(2,3) and -(1,6) linked mannobiose. Since

swainsonine and 1,4-dideoxy-1,4-imino mannitol and showed broad substrate specificity, these

enzymes would belong to class Il
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INTRODUCTION

-mannosidases are ubiquitous in nature. They have
been purified and well characterized from various plants,
microbial and animal sources. These enzymes are an
abundant constituent of plant hydrolytic system (Snaith,
1975; Forsee et al.,, 1989). They are accumulated in
vacuoles and are thought to be involved in catabolism
and turnover of N-linked glycoproteins (Pastuszak et al.,
1990; Woo and Kimura, 2005).

Some previous studies showed that the levels of -
mannosidases increased during seed germination and
fruit ripening (Kestwal et al.,, 2007). This observation
led to propose that these enzymes may be playing an
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important role during these processes by removing man-
nose residues from mannoglycans and thereby exposing
the core cell wall glycan structures to facilite further
hydrolytic attack (Gaikwad et al., 1995; Kishimoto et al.,
2001).

-mannosidases have been classified into two indep-
endently derived groups, Class | and Class Il, based on
biochemical properties, substrate specificity, inhibitor pro-
files, and sequence alignments (Daniel et al., 1994;
Moremen et al., 1994; Eades et al., 1998). The first group
contains -1,2-mannosidases found in the endoplasmic
reticulum (ER) and Golgi, including the ER Mang-manno-
sidase, endomannosidase and Golgi mannosidase IA/IB.
The second group of -mannosidases is more hetero-
geneous and contains the lysosomal mannosidases,
Golgi mannosidase Il and a distantly related group of en-



enzymes, including the rat ER/cytosolic mannosidase
(Bischoff et al., 1990), yeast vacuolar mannosidase (Yos-
hihisa and Anraku, 1989), and the Aspergillus nidulans
Class Il mannosidase (Eades et al., 1998). Regarding in-
hibitor profiles, -mannosidases susceptible to kifunen-
sine (KIF) and deoxymannojirimycin (DMNJ) inhibition
belong to class I. In contrast, those sensitive to swain-
sonine (SW) and 1,4-dideoxy 1,4-imino-D-mannitol (DIM)
belong to class Il mannosidases.

The mannosidases could find application in the food
and pharmaceutical industry for production of fruit juices,
degradation of plant material (Christgau et al., 1994), cof-
fee extraction (McCleary, 1990) and for the manufacture
of oligosaccharides (Akino et al., 1988). Furthermore,
mannosidases are applied in combination with xylanases
in the pulp and paper industry to partially breakdown
mannan and xylan in softwood pulps. This leads to a sig-
nificant reduction in the amount of chemical required for
bleaching (Viikari et al., 1994; Lahtinen et al., 1995).

In search for new sources of -mannosidase we
investtigated breadfruit seeds, an available seeds rich in
carbohydrate and high protein content, described as an
important staple food of a high economic value (Soetjipto
and Lubis, 1981). They form a portion of the diet in seve-
ral tropical countries particularly West Indies, West Africa
(Ghana, Sierra Leone and Nigeria) and Jamaica (Purse-
glove, 1963; Dailziel, 1955). In addition, more recently,
some studies showed that -mannosidases activities
increased during seeds germination and fruit maturation
(Kestwal et al., 2007). It was thought important to look
into properties of -mannosidases from breadfruit seeds
where high activity of the enzymes has been noticed
during the fruit maturation.

In this study, different chromatographic methods were
employed to purify two  -mannosidases from matured
breadfruit seeds in order to classify them and find possi-
ble application in food and biotechnology industries.

MATERIALS AND METHODS
Materials

Breadfruit seeds were obtained locally in Céte d’lvoire. para-Nitro-
phenyl-  -D-Mannopyranoside (pNP- -Man), Mannose and Man-
nobiose containing disaccharides linked  -D-Manp-(1,2)-D-Manp,

-D-Manp-(1,3)-D-Manp, -D-Manp-(1,6)-D-Manp, Swainsonine
(SW), 1,4-Dideoxy-1,4-iminomannitol (DIM) and Deoxymannojiri-
mycin (DMNJ) were purchased from Sigma-Aldrich. Kifunensine
(Kitasatosporia kifunense) (KIF), was obtained from Calbiochem.
DEAE-Sepharose CL-6B and Sephacryl S-200 HR gels were pro-
vided from Pharmacia Biotech. Standard proteins were from Bio-
Rad. Silicate gel 60 thin-layer chromatography (TLC) was purcha-
sed from Merck Darmstadt, Germany. All the other reagents used
were of analytical grade.

Enzyme extraction

Matured breadfruit seeds (20 g) were ground in a pre-chilled mortar
in 30 ml of 20 mM sodium acetate buffer (pH 4.6) containing NaCl
0.9 % (w/v). The homogenate was subjected to sonication using a
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TRANSSONIC T420 for 10 min and then centrifuged at 7750 g for
30 min. The supernatant filtered through cotton was used as the
crude extract and conserved at 4 °C.

Enzyme assay

Under the standard test conditions, -mannosidase activity was
measured at 50°C for 15 min in 100 mM acetate buffer (pH 5.6)
containing 1.5 mM para-nitrophenyl-  -D-Mannopyranoside. After
pre-warning the mixture at 50°C for 5 min, the reaction was initiated
by adding the enzyme solution. The final volume was 250 pl and
the reaction was stopped by adding 2 ml of sodium carbonate 2%
(w/v). Enzyme activity towards 1.5 mM of para-nitrophenyl-  -D-
Mannopyranoside (pNP- -Man) was determined by measuring the
liberated para-nitrophenol (pNP) at 410 nm using a spectropho-
tometer GENESIS. pNP was used as standard. Under the above
experimental conditions, one unit of enzyme activity was defined as
1 mol of pNP released per min. Specific activity was expressed as
the units of enzyme activity per mg of protein.

Protein estimation

Protein elution profiles from chromatographic columns were deter-
mined by absorbances measurement at 280 nm in spectrophoto-
meter GENESIS and the concentration of purified enzyme was
determined according to Lowry et al. (1951). Bovin Serum Albumine
(BSA) was used as the standard protein.

Enzyme purification

All the purification procedure was carried out in cold room. The
crude extract from matured breadfruit seeds was loaded onto a
DEAE-Sepharose CL-6B column (2.6 cm x 6.0 cm) equilibrated with
20 mM sodium acetate buffer (pH 4.6). Unbound proteins were
removed by washing the gel with two bed volumes of equilibration
buffer. Bound proteins were then eluted over stepwise gradient
(0.1; 0.3; 0.5 and 1 M) NacCl, in 20 mM sodium acetate buffer, pH
4.6. The flow rate was 1ml/min and fractions of 3.0 ml were
collected.

To the pooled active fractions, solid ammonium sulphate was
slowly added to give a final concentration of 4.2 M (80 % satura-
tion). The pellet obtained after centrifugation (7750 g) was resus-
pended in 1 ml of 20 mM sodium acetate buffer pH 4.6 and applied
to Sephacryl S-200 HR column (1.6 x 65 cm) equilibrated with the
same buffer. Fractions of 1ml were collected at a flow rate of 0.25
ml/min.

Polyacrylamide gel electrophoresis (PAGE)

Electrophoresis was carried out by the method of Laemmli (1970)
on 12% (w/v) acrylamide gels under denaturing and non-denaturing
conditions. In denaturing conditions, samples were incubated for 5
min at 100°C with SDS-PAGE sample buffer containing 2-mercap-
toethanol. Concerning non-denaturing conditions, samples were
mixed just before running with sample buffer without 2-mercapto-
ethanol and SDS.

Gels were stained with Coomassie brilliant blue R-250. The
standard molecular weights (Bio-Rad) comprising myosine (200
kDa), -galactosidase (116.25 kDa), phosphorylase b (97.4 kDa),
BSA (66.2 kDa) and ovalbumin (45.0 kDa) were used.
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Native molecular weight determination

The purified enzyme was applied to a gel TSK QC-PAK GFC 200
HPLC column equilibrated with 20 mM sodium acetate buffer (pH
5.6) containing sodium azide 0.5 % (w/v) to estimate the molecular
weight. Standard molecular weights used were -amylase (200,000
Da), BSA (66,000 Da), ovalbumin (45,000 Da) and cytochrome C
(12,400 Da).

pH and temperature optima

The effect of pH on the enzyme (3.4 ug) activity was determined by
measuring the hydrolysis of the substrate para-nitrophenyl-  -D-
Mannopyranoside in a series of buffers at various pH values
ranging from pH 3.6 to 8.0. The buffers used were sodium acetate
buffer (100 mM) from pH 3.6 to 5.6 and sodium phosphate buffer
(100 mM) from pH 5.6 to 8.0. The pH values of each buffer were
determined at 25°C.

The effect of temperature on  -mannosidase (3.4 pg) activity
was performed in 100 mM acetate buffer pH 5.6 over a temperature
range of 30 to 80 °C using pNP- -Man (5 mM) under the standard
test conditions. Activation energy was determined from an Arrhe-
nius plot.

pH and temperature stabilities

The pH stability of each enzyme was studied in pH range 3.6 to 8.0
with 100 mM buffers. The buffers were the same as in the study of
pH and temperature optima (above). After 2 h pre-incubation (3.4
pg of enzyme) at 37°C, aliquots were taken and immediately assay-
ed for residual -mannosidase activity.

The thermal inactivation of the enzyme was determined at 37
and 60°C after exposure to each temperature for a period from 15
to 120 min. The enzyme (3.4 pg) was incubated in 100 mM acetate
buffer (pH 5.6). Aliquots were withdrawn at intervals and imme-
diately cooled.

Concerning thermal denaturation tests, the aliquots of enzyme
(3.4 pg) were pre-incubated at different temperatures ranging from
30 to 80°C for 15 min.

Residual activities, determined in the three cases at 50°C under
the standard test conditions, are expressed as percentage activity
of zero-time control of untreated enzyme.

Effect of chemical agents

To determine the effect of various compounds (ions, detergents,
dithiol-reducing agents and  -mannosidase specific inhibitors) as
possible activators or inhibitors of the purified -mannosidases (3.4
Ug), enzyme solutions were pre-incubated at 37°C for 30 min with
the compounds and then the activity was assayed. The substrate
pNP- -Man (5 mM) was added to the medium and incubated at
50°C for 15 min. The residual activity was assayed as the standard
conditions and expressed as percentage of zero-time control of
untreated enzyme with chemical agents.

Substrate specificity and kinetic parameters determination

The substrate specificity of the -mannosidase activity was deter-
mined by incubating each enzyme with the substrates para-nitro-
phenyl-  -D-Mannopyranoside, para-nitrophenyl-  -D-Glucopyra-
noside, para-nitrophenyl-  -L-Fucopyranoside, para-nitrophenyl-

-D-Galactopyranoside, para-nitrophenyl-  -D-Fucopyranoside, pa-
ranitrophenyl-  -D-Glucopyranoside, para-nitrophenyl-  -D-Gal-
actopyranoside, para-nitrophenyl-  -D-Xylopyranoside (5 mM) at
50°C in 100 mM sodium acetate buffer (pH 5.6) for 15 min.

The kinetic parameters (Ku, Vmaxand Vimax / Kv) were determined
in 100 mM sodium acetate buffer (pH 5.6) at 50°C. The hydrolysis
of synthetic substrates was quantified on the basis of released pNP,
as the standard enzyme assay. Ky and Vmax were determined from
a Lineweaver-Burk plot using different concentrations of the
substrate para-nitrophenyl-  -D-Mannopyranoside.

Characterization of hydrolytic specificity

The hydrolytic specificity was determined by incubating 0.64 pg of
purified enzyme preparation with 9 pl of 5 mM of -D-Manp-(1,2)-
D-Manp, -D-Manp-(1,3)-D-Manp or  -D-Manp-(1,6)-D-Manp, at
pH 5.6 in sodium acetate buffer at 37 °C for up to 24 h. Samples (3
ul) were removed at regular time intervals and applied to TLC
plates to monitor the hydrolysis of differently linked disaccharides.
The TLC plates were run with butanol-acetic acid-water 9:3.75:2.25
(v/viv) and developed with naphto-resorcinol in ethanol and H,SO4
20 % (v/v). The sugar spots were visualised at 105°C for 8 min.

RESULTS
Enzyme purification

The results of the purification of -mannosidases from
breadfruit seeds are summarized in Table 1. Two iso-
enzymes were purified from the crude extract. The purifi-
cation protocol involved two steps of chromatography for
both enzymes (Figure 1).

One major peak of -mannosidase activity was
resolved on the DEAE-Sepharose CL-6B column at 0.3 M
NaCl concentration in 20 mM sodium acetate buffer (pH
4.6) and was designated M (Figure 1A). Pooled fractions
of the peak of -mannosidase activity resolved on the
DEAE-Sepharose CL-6B column step was applied to a
Sephacryl S-200 HR gel (Figure 1B). Two peaks showing

-mannosidase activities were eluted. The two isoforms
were named Ma and Mb based on their distinct elution
profile on Sephacryl S-200 HR gel. Their specific active-
ties were 2.97 and 0.65 Ul/mg of protein, respectively.
The purity of isoforms Ma and Mb increased 18 and 4
fold, respectively (Table 1).

Each -mannosidase isoenzyme (Ma and Mb) sho-
wed a single protein band on native polyacrylamide gel
electrophoresis staining with Coomassie brilliant blue R-
250 (Figure 2).

Molecular weights estimation

The electrophoresis profiles (SDS-PAGE) for purified en-
zymes are depicted in Figure 3. After SDS - PAGE ana-
lysis under reducing conditions, each  -mannosidase
(Ma and Mb) showed a single protein band. Their relative
molecular weights were estimated to be 75 and 61 kDa,
respectively (Figure 3).

The two isoforms resolved by gel filtration chromato-
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-mannosidases from breadfruit seeds.

Purification steps Total protein | Total activity [ Specific activity | Yield Purification fold
(mQ) (Units) (Units/mg) (%)

Crude extract 1340 224.25 0.17 100 1
DEAE-Sepharose CL-6B

“mannosidase M | 2466 | 826 | 0.33 | 360 | 2
Sephacryl-S 200 HR

-mannosidase Ma 0.16 0.47 2.97 0.21 17.73

-mannosidase Mb 1.47 0.96 0.65 0.42 3.89

Values given are the average of at least three experiments

Table 2. Some physicochemical characteristics of -
mannosidases from breadfruit seeds.

Physicochemical properties Values

Ma Mb
Optimum temperature (°C) 60.0 60.0
Optimum pH 5.6 5.6
pH stability 4.6-5.6 4.6-5.6
Molecular weight (kDa)
SDS-PAGE 75.0 61.0
Gel filtration 74.0 60.0
Activation energy (kJ/mol) 35.6 36.2

Values given are the average of at least three experiments.

graphy, when individually subjected to gel permeation
chromatography with TSK QC-PAK GFC 200 column,
showed distinct separation, indicating different molecular
weights of 74 and 60 kDa for Ma and Mb, respectively
(Table 2).

Effect of pH and temperature

The effect of pH and temperature on the two —manno-
sidases activities is shown in Table 2. Both enzymes
were most active at pH 5.6 and 60°C. At 50°C, the two
enzymes were stable over pH range 4.6 — 5.6 and their
activation energy was 35.6 and 36.2 for Ma and Mb,
respectively (Table 2).

The thermal inactivation studies indicated that at pH
5.6, the two -mannosidases remained almost stable for
120 min at 37°C (Figure 4). But at 60°C (optimum tem-
perature), the two isoforms retained around 97 % of their
activities for 15 min. Above this time of pre-incubation, -
mannosidases (Ma and Mb) were less stable and lost 70
to 80% of their hydrolytic activities after 120 min of pre-
incubation (Figure 4). The half-life of the two isoforms at
60°C was 60 min.

The thermal denaturation was investigated by incuba-
ting each enzyme at various temperatures for 15 min.

The result shows that the enzymes were fairly stable at
temperature up to 60°C. Above this temperature, their
activities declined rapidly as the temperature increased,
but the enzymes were not completely inactivated even at
80°C (Figure 5).

Effect of ions, reducing and detergent agents

The effect of chemical agents on the activity of breadfruit

seeds -mannosidases (Ma and Mb) using para-nitro-
phenyl- -D-mannopyranoside was examined (Table 3).
The purified -mannosidases Ma and Mb were activated

by zn®* (131 and 144.7%, respectively) and Ca®" (217
and 135%, respectively). Only the activity of the isoform
Ma was enhanced by Mgz+ (125 - 130%) and Triton X-
100 (139 %). However, EDTA, Sr** and Cu® inhibited
both -mannosidases at 5 mM. The other ions tested
had little or no effect on isoforms Ma and Mb.

Table 4 shows the effect of reducing agents on the
purified enzymes Ma and Mb. All the reducing agents
tested were found to be inhibitory.

The influence of various detergents on the two -
mannosidase activities was studied (Table 5). All the
detergents tested stimulated Ma and Mb with exception
of cationic detergents and SDS in contrast to Ma, Mb is
sensitive to the same detergents except Lubrol Wx. At 1
% concentration, cationic detergents showed a little
inhibition on Ma and Mb activities by 5 to 35 %. SDS was
a strong inhibitor for the two enzymes.

Substrate specificity and kinetic properties

The purified -mannosidases were assayed for hydroly-
tic activities against a variety of synthetic and natural
substrates. No detectable activities towards para-nitro-
phenyl-glycosides were observed except para-nitrophe-
nyl- -D-mannopyranoside on which Linewea-ver-Burk-
plot in range of concentration (1 mM to 6 mM) showed Ky,
and Vmax values of -mannnosidases (Table 6). Using
pNP-  -D-mannopyranoside, the Ky values were 2.54
mM and 2.44 mM for isoforms Ma and Mb, respectively.
On the other hand, linkage specificity of Ma and Mb
was investigated with natural substrates such as disac-
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Figure 1. Purification of -mannosidases from breadfruit seeds. Enzyme activity was measured in acetate

buffer pH 4.6 at 50°C using pNP-  -Man as substrate. (A) Chromatogram of Anion-exchange chroma-
tography on DEAE-Sepharose CL-6B. (B) Chromatogram of Gel filtration chromatography on Sephacryl S-200

HR column.
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Figure 2. HPLC profiles of the purified -mannosidases
from breadfruit seeds. The purified enzymes were
applied to a gel TSK QC-PAK GFC 200 HPLC column
equilibrated with 20 mM sodium acetate buffer (pH 5.6)
-mannosidase Ma (5 pg); -mannosidase Mb (5 ug).

Figure 3. SDS -PAGE analysis of the purified -mannosidases
from breadfruit seeds. The samples were loaded onto a 12 % gel.
Lane 1, molecular weight markers; lane 2, crude extract of bread-
fruit seeds; lane 3, -mannosidase Ma (8 pg); lane 4, —mannosi-
dase Mb (8 pg).Numbers on the left indicate the molecular weight
(kDa) of the markers.
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Figure 4. Thermal inactivation of -mannosidases from
breadfruit seeds (3.4 pg). The enzymes were pre-incubated at
37 °C and 60°C in 100 mM sodium acetate buffer (pH 5.6). At
the indicated times, aliquots were withdrawn and the residual
activity was measured at 50°C under the standard test condi-
tions. Values given are the average from at least three experi-
ments.

charides 2-O- -D-mannopyranosyl-D-mannopyranoside
(Man- -1,2-Man), 3-O- -D-mannopyranosyl-D-manno-
pyranoside (Man- -1,3-Man) and 6-O- -D-mannopyra-
nosyl-D-mannopyranoside (Man-  -1,6-Man). Following
incubation with Ma and Mb, released mannose was sepa-
rated by TLC (Figure 6).

Both -mannosidases cleaved -D-Manp(1,6)-D-
Manp and  -D-Manp(1,2)-D-Manp. In addition, only Mb
cleaved -(1,3)- Mannobiose.

Effect of -mannosidase inhibitors

The influence of -mannosidase inhibitors such as De-
oxymannojirimycin (DMNJ); Kifunensine (KIF); Swain-
sonine (SW) and 1, 4 - dideoxyimino - mannitol (DIM) on
the enzymes activities is presented in Table 7.

Hydrolysis of p — NP - -D - Man by Ma and Mb was
almost totally inhibited by SW and DIM (80 - 87%) at
0.01 mM. At 1 mM, the same inhibitors had strong inhi-
bitory effect on both isoforms of -mannosidase from
breadfruit seeds. The other inhibitors as KIF and DMNJ
(0.01 mM) had not such effect. While, at 1 mM, - man-
nosidases Ma and Mb was strongly inhibited by KIF and
DMNJ.

DISCUSSION

In this work, purification of -mannosidases activity from
breadfruit by two steps procedure involving anion exch-
ange and size exclusion chromatography led to the sepa-
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Figure 5. Temperature stability study of -mannosidases from breadfruit seeds (3.4 pg).
The enzymes were pre-incubated at each temperature for 15 min. The remaining activity
was measured at 50°C under the standard test conditions. The value at 30°C was taken as
100%. Values given are the average from at least three experiments.

Table 3. Effect of some ions and chelating agents on the activity of —mannosi-

dases from breadfruit seeds.

Reagents Concentration (mM) Relative activity (%)
Ma Mb
Control 0 100.0 ( 0.1) 100.0 ( 0.2)
1 100.0 ( 0.2) 112.0 ( 0.3)
Na" 5 119.0 ( 0.1) 116.0 ( 0.3)
1 125.0 ( 0.3) 100.0 ( 0.2)
Mg®* 5 130.0 0.2) 100.0 (_ 0.1)
1 94.0 ( 0.1) 89.0 ( 0.3)
Sr** 5 79.2 ( 0.1) 67.3( 0.2)
1 101.0 ( 0.2) 117.0 ( 0.2)
ca”’ 5 217.0( 0.1) 135.0 ( 0.1)
1 98.0 ( 0.2) 108.0 ( 0.3)
Ba’ 5 104.0 ( 0.2) 136.7 ( 0.2)
1 110.0 ( 0.3) 52.0( 0.2)
cu® 5 90.0 ( 0.3) 23.2( 0.3)
1 101.0 ( 0.2) 103.0 ( 0.1)
Zn** 5 131.0( 0.2) 1447 ( 0.2)
1 100.0 ( 0.3) 80.0 ( 0.3)
EDTA 5 89.0 ( 0.1) 72.0( 0.3)

Values given are the average of at least three experiments.
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-mannosidases from breadfruit

seeds.
Reducing agents Concentration (% wi/v) Relative activity (%)
Ma Mb
pCMB? 0.1 50.0( 0.2) 55.0 ( 0.3)
1 8.0( 0.3 10.0 (0.3)
DTNB® 0.1 9.0( 0.1) 17.0( 0.2)
1 0 (0.1 0 (0.1
L-cystein 0.1 49.2( 0.1) 83.0( 0.1)
1 23.2( 0.3) 13.0( 0.2
-mercaptoethanol 0.1 (viv) 60.0 ( 0.3) 80.0( 0.1)
1 (viv) 40.0( 0.2) 56.0 ( 0.2)

a: Sodium parachloromercuribenzoate. b: 5,5'-dithio-2,2'dinitro-dibenzoic acid. Values given are the
average of at least three experiments.

Table 5. Effect of detergents on the activity of

-mannosidases from breadfruit seeds.

Detergents Concentration (% w/v) Relative activity (%)
Ma Mb
Anionic
SDS 0.1 36.0( 0.1) 0 (0.3
1-Hexansulfonic acid sodium salt 0.1 100.0 ( 0.1) 100.0 ( 0.1)
1 144.1 ( 0.2) 101.2 ( 0.3)
Polyoxyethylen-9-lauryl ether 0.1 100.0 ( 0.1) 100.0 ( 0.3)
1 145.5( 0.2) 87.4( 0.1)
Cationic
Tetradecyl trimethyl ammonium bromide 0.1 102.0( 0.2) 86.3( 0.1)
1 94.8 ( 0.1) 64.9 ( 0.1)
Hexadecyl trimethyl ammonium bromide 0.1 100.0 ( 0.2) 100.0 ( 0.3)
1 79.2( 0.1) 91.2 ( 0.3)
None ionic
Nonidet P 40 0.1 100.0 ( 0.3) 100.0 ( 0.1)
1 136.3( 0.1) 67.7 ( 0.2)
Triton X-100 0.1 110.0( 0.2) 100.0 ( 0.3)
1 139.0( 0.1) 79.3( 0.2)
Lubrol Wx 0.1 106.0 ( 0.2) 105.0( 0.2)
1 186.6 ( 0.1) 128.4( 0.3)

Values given are the average of at least three experiments.

Table 6. Kinetic parameters of
breadfruit seeds.

-Mannosidases purified from

-mannosidases Kwm Vmax Vmax/Km
Ma 2.5 3.7 1.4
Mb 2.4 4.7 1.9

The Michaelis constants (Ky) and the maximum velocities (Vmax)
are expressed as mM and units/mg of protein, respectively. pNP-
a-Man was used as substrate. Values given are the average of at

least three experiments.

with specific activities of 0.47 and 0.96 Ul/mg of protein.
Similar easy protocols were used during purification of
mango and tomato -mannosidases (Suvarnalatha and
Prabha, 1999; Yashoda et al., 2007).

The molecular weights of the purified enzymes were
75 and 61 kDa for isoforms Ma and Mb, respectively, by
SDS-PAGE in reducing conditions. On the other hand, by
gel filtration, both isoforms showed molecular weights of
75 for Ma and 60 kDa for Mb, suggesting that these -
mannosidases have a monomeric structure. Except the
rat liver and jack bean -mannosidases which are tetra-
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Figure 6. TLC plates showing the hydrolytic activity of the enzymes
(MaJA] and Mb[B]) extract towards differently linked disaccharides,
monitored over 24 h incubation time at 37 °C, pH 5.6. Separation of
hydrolyse products was realized with butanol-acetic acid-water (9:3.-
75:2.25 vivlv). The plates were developed with naphto-resorcinol in
ethanol and H,S0,20 % (v/v).The sugar spots were visualised at 105°C
for 8 min.

meric protein with different subunits (Tulsiani et al., 1982;
Kimura et al., 1999), most of -mannnosidases are mo-
nomeric polypeptides with molecular weights in the range
of 51 - 73 kDa (Bischoff and Kornfeld, 1986). In other res-
pects, breadfruit -mannosidases molecular weights are
comparable to those found for others charac-terized gly-
colsidases from termite Macrotermes subhyali-nus (Kou-
amé et al., 2005; Kouamé, 2006).

The optimum pH of the enzymes was around 5.6 with
pNP- -D-Man as a substrate, suggesting that they are
kind of acidic glycosidases, such as several glycosidases
(Faulet et al., 2006a, b). Breadfruit -mannosidases dis-
played a better stability at pH ranging 4.6 and 6.0. So, a
pH of 5.6 is a good compromise between the activity and

stability of these enzymes to perform the natural subs-
trates hydrolysis over a long time. These plant —manno-
sidases which activities are maximal at acidic region app-
ear to be comparable to certain lysosomal —mannosida-
ses in animals’ cells. The pHs of these enzymes are with-
in the range of those reported from cloned Trichoderma
(Maras et al., 2000) and from Ginkgo biloba seeds (Woo
et al., 2004).

-mannosidases Ma and Mb had an optimal tempera-
ture at 60°C and remained stable at the same tempera-
ture for 15 min of pre-incubation. Their thermal optimum
and stability are similar to those from Capsicum (Priya-
Sethu and Prabha, 1997).

The purified -mannosidases Ma and Mb were check-
ed for other glycosidase activities with pNP-substrates
such as -and -D-glucopyranoside, - and -D-gal-
actoside, -and -D-fucopyranoside, and -and -D-
xylopyranoside. These -mannosidases of breadfruit
seeds did not show any activity with these substrates;
this indicates that, the activity of these enzymes is restri-
cted towards a substrate (pNP- -D-Man) normally acted
upon by -mannosidase.

Using pNP- -D-Man as substrate, the kinetic para-
meters for purified -mannosidases from breadfruit was
determined at pH 5.6 (100 mM sodium acetate). The Ky,
values of isoforms Ma and Mb were 2.54 and 2.44 mM,
respectively, while for the bell-pepper enzyme, the Ky as
0.7 mM (Priya-Sethu and Prabha, 1997). Therefore,
these -mannnosidases from breadfruit seeds had Ky
values which are consistent with that from watermelon
(Nakagawa et al., 1988).

Breadfruit -mannosidases activities on pNP-  -D-
Man were significantly enhanced by Ca®" and Zn** but
not Cu®* and Sr**, although it has been reported that Zn**
and Ca’" ions often activate some plant acidic — man-
nosidases (Li and Li, 1972; Pastuszak et al., 1990) or
some processing -mannosidases (Suzumilo et al.,
1986; Kimura et al., 1991). Furthermore, the enzyme acti-
vities were inhibited by addition of EDTA, like that from
watermelon (Nakagawa et al., 1988). This result sugges-
ted that Ca®* and Zn®* are essential for hydrolytic activity
themselves, or those ions regulate the enzyme activity
during seeds maturation.

The two -mannosidases were sensitive to reducing
agents. These chemicals must be eliminated after treat-
ment of substrate when this needs to be reduced before
its hydrolysis by enzymes.

-mannosidase Ma was activated by most detergents.
Similar observations have been reported for rat liver -
mannosidase where 1% of Triton X-100 and other deter-
gents increased 3-4 fold this activity (Bonay et al., 1992).
For these authors, this result suggests that, in the native
enzyme structure, the catalytic domain is partially inacc-
essible to the substrate unless this -mannosidase inte-
grity is disrupted by detergent to expose the active site. In
contrast, Mb did not need high concentration of detergent
for its catalytic activity. -mannosidase activities were
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-mannosidases from breadfruit seeds.

Inhibitors Concentration (mM) Relative activity (%)

Ma Mb
Swainsonine 0.01 19.5( 0.1) 13.8( 0.2)
0.1 10.2 ( 0.2) 6.2( 0.1)
1 0 (0.3 34( 0.2
1,4 Dideoxy 1,4 Imino Mannitol 0.01 16.0( 0.2) 13.0( 0.2)
0.1 13.0( 0.3) 3.0( 0.3)
1 6.3( 0.2 0 (0.1
Kifunensine 0.01 89.1( 0.1) 100.0( 0.1)
0.1 67.2( 0.2) 75.0( 0.2)
1 45.0( 0.1) 36.8( 0.1)
Deoxymannojirimycin 0.01 97.0( 0.2) 100.0 ( 0.3)
0.1 546 ( 0.2) 87.5( 0.2)
1 39.6 ( 0.1) 37.5( 0.3)

Values given are the average of at least three experiments.

determined in presence of specific inhibitors such as SW,
DIM, KIF and DMNJ. The hydrolysis of pNP- -D-Man by
either Ma or Mb was not blocked by KIF and DMNJ at low
concentration, while, in the same condition, mannofura-
nose analogs SW and DIM blocked totally hydrolysis of
the same substrate by both isoforms Ma and Mb. It has
become apparent that DIM, an agent which has previou-
sly been used to inhibit a number of —mannosidases
including those from jack bean and lysosomes (Elbein,
1991; De Gasperi et al., 1992; Daniel et al., 1994), has
an effect opposite to that of KIF on the ER mannosidases
and therefore can function as an additional valuable tool
in distinguishing between —mannosidases. It's also well
known that pka of SW is 7.4 and thus it would be fully
ionized at pH 5.0 (Dorling et al., 1980), near optimum pH
of breadfruit seed -mannosidases. This may account for
the apparent specificity of SW for breadfruit seed
mannosidases. Indeed, the ionization of SW could imp-
rove its fixation in the catalytic centre of the enzymes.
Using molecular models, it can be seen that the confi-
guration of secondary hydroxyl groups of SW is identical
to that in DIM (Cenci di Bello et al., 1989; Winchester et
al., 1993). This supports the similar effect of DIM on
breadfruit seeds -mannosidases. Taken together, these
results suggest that -mannosidases of breadfruit seeds
belong to class Il -mannosidases.

The hydrolysis of -mannosidase Ma for differently
linked Mannobiose showed that this enzyme cleaved 1,2
and 1,6 linkages. On the other hand, the -mannosidase
Mb did not have strict linkage specificity. These results
suggest that, the isoforms would be involved in the deg-
radation of oligomannose type free N-glycans which exhi-
bit biological activity such as growth factors during the
early development of plant (Preim et al., 1992), stimu-
lation of fruit ripening (Priem and Gross, 1992) and

suppressors of corresponding glycopeptide elicitors of
stress responses (Basse and Boller, 1992). They could
also find importance in combination with xylanase in pulp
and paper industry. Similar observations have been rep-
orted by Viikari et al. (1994) in pulp and paper bleaching.
The broad specificity of the breadfruit seeds -mannosi-
dases implied their broad subcellular distribution (Bonay
et al., 1992).

This study showed that the two — mannosidases
purified from matured breadfruit seeds are class Il
mannosidases since they are sensitive to furanose transi-
tion state analogs SW and DIM. This classification is
supported by the broad substrate specificity, and implied
their role in degradation of N-glycans in breadfruit seeds.
These characteristics show the breadfruit —mannosi-
dases importance in production of short sugar chains act-
ive biologically, and could find application in food and
biotechnology industry.
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