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Galactooligosaccharides (GO) are responsible for intestinal disturbances following ingestion of legume-
derived products. Enzymatic reduction of GO level in these products is highly desirable to improve
their acceptance. For this purpose, plant and microbial semipurified o-galactosidases were used for
GO hydrolysis in soybean flour and soy molasses. a-Galactosidases from soybean germinating seeds,
Aspergillus terreus, and Penicillium griseoroseum presented maximal activities at pH 4.0—5.0 and
45—65 °C. The Ku,app vValues determined for raffinose by the soybean, A. terreus, and P. griseoroseum
o-galactosidases were 3.44, 19.39, and 20.67 mM, respectively. The enzymes were completely
inhibited by Ag* and Hg?", whereas only soybean enzyme was inhibited by galactose. A. terreus
o-galactosidase was more thermostable than the enzymes from the other two sources. This enzyme
maintained about 100% of its original activity after 3 h at 60 °C. The microbial a-galactosidases were
more efficient for reducing GO in soybean flour and soy molasses than soybean enzyme.
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INTRODUCTION present stability over a wide range of pH values and tempera-
: . . tures (8).

Human consumption of soy products is increasing, not only 1, the present investigation we describe the purification and
because of their high nutritional value but also in view of their  c\aracterization ofi-galactosidases from soybean seeds and
health-promoting effects, such as reduction in cardiovascular from the fungiAspergillus terreusindPenicillium griseoroseum
disease, osteoporosis, and cancer rigksThe consumptionis  and the hydrolysis of soybean flour and soy molasses by these

limited partially due to the presence®fgalactooligosaccharides  enzymes. Our long-term goal is to select efficiengalactosi-
(GO) such as melibiose, raffinose, stachyose, and verbascosgjase sources for technological use.

in soybean. Because humans and monogastric animals lack the
enzymea-galactosidase (EC 3.2.1.2@;D-galactoside galac-  MATERIALS AND METHODS

tohydrolase), necessary to hydrolyze tirdinkages in these
Y ), y y yze thd 9 Enzyme Sources.Soybean seeds (Glycine mdx Merr. cv.

sugars, _they pass °r.‘ intact into the large intestine, W_here Monarca) were provided by the soybean breeding program of BIO-
anaerobic microorganisms ferment them and cause gastrointeSagro, Federal University of Viosa, MG, Brazil.A. terreuswas

tinal disturbances (2). Many attempts have been proposed tOgptained from the André Toselo Tropical Research Foundation,
reduce soy GO contents through dehulling, soaking, cooking, Campinas, SP, BraziP. griseoroseunwas obtained from the Fungal

y irradiation, aqueous or alcoholic extraction, germination, and Collection of the Microbiology Department of the Federal University

fermentation 8, 4). However, the enzymatic processing of soy- ©f Vicosa, MG, Brazil. _ _

derived products seems to be the most rational and effective -Galactosidase Production.Soybean seeds were germinated on

alternative. The nutritional value of soy foods could be upgraded water-soaked filter paper for 60 h at 2C and then kept at-20 °C.

b d . icrobial | | id The pregerminated seeds (800 g of fresh weight) were ground in a
y procedures using microbial or plantgalactosidases to blender and resuspended in 1.7 L of solution containing 0.1 M citric

hydrolyze thea-galactosides prior to consumptios, €). The acid and 0.05 M sodium phosphate, pH 5.0, and kept under agitation
use of planbi-galactosidases for GO reduction in soy products, for 1 h at 4°C. The suspension was filtered through cheesecloth, and
particularly from soybean sources, is advantageous because thithe filtrate was centrifuged at 153@0for 40 min at 4 °C. The
enzyme is uniquely suited for the high-protein and strongly supernatant was used as a crude enzyme preparation.

buffered environment of soybean produc®.(On the other The stock cultures oA. terreusandP. griseoroseunwere maintained
hand, fungala-galactosidases are generally secreted in the on potato dextrose agar medium (PDA). For enzyme production, spores

It facilitating th ificati In additi th (10/mL) were transferred to 1.0 L of liquid medium containing (in
culture facilitating the purification process. In addition, they g/L) KH2PQy, 7.0; KHPO,, 2.0; MgSQ-7H,0, 0.1; (NH),SQs, 1.0:

yeast extract, 0.6; and wheat straw or locust bean gum, 18, terreus

* Corresponding author [telephone-$531)3899-2374; fax+#5531)- andP. griseoroseum, respectively. The wheat straw was obtained from
3899-2864; e-mail srezende@ufv.br]. a local market, and locust bean gum was purchased from Sigma
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Chemical Co. (St. Louis, MO). Cultures were incubated under constant (Kw,apy) and Vimaxappfor pNPGal, raffinose, and melibiose hydrolysis
agitation at 120 rpm for 168 h at 2& (A. terreus) or for 132 h at 28 were calculated by using the Michaetislenten plot. The substrate
°C (P. griseoroseum). Culture filtrates were collected by filtration concentrations ranged from 0.01 to 2.00 mM in the case of pNPGal,

through filter paper, concentrated by lyophilization, and kept20 from 0.1 to 40.0 mM for raffinose, and from 0.05 to 60.0 mM for
°C until use. melibiose.

o-Galactosidase Purification.The crude soybean extract was kept Substrate Specificity. Enzymatic assays were performed with
at —20 °C for 24 h, thawed, and centrifuged at 158G0r 35 min at various synthetic and natural substrates. The reaction mixtures contained

4 °C. The pH of the supernatant was lowered to 4.0 with citric acid. 650 uL of 0.1 M sodium acetate buffer, pH 5.0, 100 of enzyme
The solution was stirred for 30 min at’€ and centrifuged as described  solutions, and 25QuL of synthetic substrates (2 mM), or maltose,
above. The pH of the supernatant was adjusted to 5.0 with a NaOH melibiose, lactose, and sucrose (16 mM), or raffinose and stachyose
saturated solution and then submitted to fractionation withk 5o (28 mM). The activities were measured under standard assay conditions
(NH4)2SOy (7). Protein precipitated at 50% saturation, which contained at 40°C.
thea-galactosidase activity, was resuspended in 25 mM sodium acetate  gftect of lons Simple Sugars, and Reducing AgentShe enzyme
buffer, pH 5.0, and loaded onto a Sephadex G-100 (Amersham gampjes were preincubated with each of the compounds (10 mM) in
Biosciences, Uppsala, Sweden) column £93.5 cm) equilibrated with 0.1 M sodium acetate buffer, pH 5.0, for 20 min at %0. After
25 mM sodium acetate buffer, pH 5.0. The proteins were eluted with 5 reincubation, the effect of ions, simple sugars, and reducing agents
the same buffer, and the fractions containingalactosidase activity o the enzyme activity was determined according to the standard assay.
were pooled 'and.chromatographed on a CM-Sgpharose Fast Flow Treatment of Soy Products with a-Galactosidase.Commercial
Eﬁ"\T esrc?(;liim i?estgti ngﬁ;)efoluFT g (()li_zhg C:g)te?g:':,'\z?;e‘juvtvgg vsv?th a defatted flour (Bunge Alimentos, RS, Brazil) (2 g) was mixed with
. - e » P 9.5 P . water 1:10 (w/v) and was added with 8 unitoefalactosidases purified
linear gradient consisting of 200 mL of 50 mM sodium acetate buffer, from soybean seeda, terreus, oP. griseoroseum. The mixtures were
pH 5._0, and_ZOO mL of the same buffer containing 0.8 M NaCl. Actiye incubated for 0. 4. 6. and 8 h,undér agitation (10'0 rpm) #GAEach
prote!n fra}ctlons were pooled and concentrateq by the use of an Amicon reaction mixture was lyophilized, and the soluble sugars were extracted
ultrafiltration cell model 8400 (Bedford, MA) with a 10 kDa molecular from 30 mg of dried powder with 80% aqueous ethanol (vB)) The
cutoff PM 10 Amicon membrane. I solvent was evaporated at 46, and the sugars were resuspended in
TheA. terreusculture supernatant was concentrated by lyophilization 80% ethanol (1.2 mL) and analyzed by HPLC as described below
and chromatographed on a_S_ephacryI S5-200 (Amersham BiOSCi_ences)Soybean molasses was mixed with water (1:5 w/v), and a 10 g sample
column (100x 2.5 cm), equnhb.rated anq eluteq with 25 mM sodium was incubated with 32 units of eaahgalactosidase at 4 for several
acetate buffer, pH 5.0. The active protein fraction was concentrated by periods of time. The GO hydrolysis efficiency was estimated by the
ultrafiltration using a PM 10 Amicon membrane filter. The concentrated production of reducing sugar&@). One enzyme unit was defined as

fraction was loaded on a phenyl-Sepharose (Amersham Biosciences)the amount of enzyme that releasedriol of product per minute under
column (15x 2.9 cm) equilibrated with 25 mM sodium acetate buffer, the assay conditions

H 5.0, containing 1 M (NB).SO;, and eluted by a negative linear o
P nng (NBSQ, y g Determination of GO Content. Sugars were analyzed by HPLC

gradient consisting of 40 mL of the equilibration buffer and 40 mL of hi ) h h . h
the equilibration buffer without ammonium sulfate. Active protein ©" & Shimadzu series 10A chromatograph (Kyoto, Japan), using the

fractions were pooled and concentrated by ultrafiltration using a PM analytical column Supel_cosn LC-N4 |2.5. cm x 4.'6 mm (S‘.Jpe'w'
10 Amicon membrane filter. Bellefonte, PA), eluted with an acetonitrile/water isocratic mixture (80:

TheP. griseoroseunculture supernatant was submitted to fraction- 20 viv) at 35°C, at a flow rate of 1 mL/min. The sugars eluted were

ation with 40-100% (NH),SQx. Protein precipitated at 100% saturation monitored by a refractive index detector model 6A from Shimadzu.

containingo-galactosidase activity was resuspended in 25 mM sodium They were automatically identified and quantified by comparison with
acetate buffer, pH 5.0, and loaded onto a Sephacryl S-200 column (100retention times and known concentrations of the sugar standards sucrose,

x 2.5 cm) equilibrated with 25 mM sodium acetate buffer and eluted raffinose, and stachyose, which were purchased from Sigma Chemical

with the same buffer. Active protein fractions were pooled and Co. (6)'_ o ) o .

concentrated by ultrafiltration using a PM 10 Amicon membrane filter. ~ Protein Determination. The protein concentration in the enzymatic

All chromatography procedures were performed 4C4 extract was determined according to the Coomassie Blue binding
o-Galactosidase Assayu-Galactosidase was assayed as described Method with bovine serum albumin (BSA) as standarz)(

previously ). The reaction mixture contained 60 of 0.1 M sodium

acetate buffer, pH 5.0, 106L of enzyme solution, and 250L of 2 RESULTS AND DISCUSSION
mM p-nitrophenyl-op-galactopyranoside (pNPGal) or other synthetic
substrates. The reaction was run for 20 min at@®nd ended by the The a-galactosidases from soybean germinating seeds and

addition of 1 mL of 0.5 M sodium carbonate. The amount of those secreted by the fundi terreusandP. griseoroseunwere
p—nltrophenol (pNP) released was determined at 410 nm. This procedurecharacterized in this worko-Galactosidase from soybean
was defined as the standard assay. germinating seeds have been proposed to reduce GOs in
The activities against melibiose, maltose, and lactose were evaluatedsoybean-derived products)( Although A. terreus and P
according to the glucoseoxidase methodd). When sucrose, raffinose, ; L - :
and stachyose were used as substrate, the production of reducing sugagrlseoroseunarg not food grade fungh. terreUS's a squrce
of pharmaceutical products (13), ail griseoroseums a

was determined using the 3,5-dinitrosalicylate reagent (10). , . . .
Effect of pH and Temperature. The effect of pH oru-galactosidase potential source of pectinolytic enzymes for the food industry

activities was determined within the pH range of 3700 using (14). Enzyme production was done whengalactosidase
Mcllvaine buffer (citric acid/sodium phosphate) at %0 (11) under activity was maximum. In soybean germinating seeds this
otherwise standard enzyme assay conditions. The optimum temperaturdnappened 60 h after imbibition (). For A. terreusand P.
was determined within the temperature range of38°C, at pH 5.0. griseoroseunmaximum activity was reached after 168 and 132
Thermal stability was evaluated by preincubating 1020of enzyme h of culturing, respectively. These time points were previously

different times and temperatures. SoybeanRugtiseoroseurenzymes . . L
P y Y Fractionation of crude extract from germinating soybean seeds

were preincubated at 40, 45, and 8C for 0—10 and 0-5 h, | filtrati di h | tted i 19.7
respectivelyA. terreusenzyme was preincubated at 55, 60, and®5 on gel filtration and ion exchange columns resulted in a 19.7-

for 0—36 h. After preincubation, 250L of 2 mM pNPGal was added,  fold purification with a 36.6% recovery of the enzyme activity

and the enzyme activity was determined. (Table 1). Thea-galactosidases secreted By terreuswere
Determination of Kinetic Parameters. Kinetic experiments were  partially purified using gel filtration and hydrophobic chroma-

performed at 40°C and pH 5.0. The MichaelisMenten constant tography procedures, with a purification factor of 20.2 and
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Table 1. Summary of the Steps for o-Galactosidase Purification from Germinating Soybean Seeds Var. Monarca
total protein total activity specific activity purification recovery
purification step (mg) (mM min—1) (mM min~tmg~1) (fold) (%)
crude extract? 13300.80 366.0 0.03 1.00 100
cryoprecipitation? 9036.71 312.6 0.04 1.25 85.4
acid precipitation® 5018.22 295.3 0.06 2.14 80.7
(NH4),S04 (20-50%) 990.00 170.3 0.17 6.25 46.5
Sephadex G-100 516.94 155.6 0.30 10.94 425
CM-Sepharose 246.84 134.1 0.54 19.74 36.6

aCrude extract was prepared from 800 g of pregerminated soybean seeds with 1.7 L of buffer solution. ® Cryoprecipitation: crude soybean extract was kept at =20 °C

for 24 h and then thawed, and the precipitate was removed by centrifugation at 15300g for 35 min at 4 °C. ¢ Acid precipitation:

the pH of the enzyme solution was lowered

to 4.0 with citric acid, and the solution was stirred for 30 min at 4 °C and centrifuged as described above.

Table 2. Summary of the Steps for o-Galactosidase Purification from Aspergillus terreus

total protein total activity specific activity purification recovery
purification step (mg) (mM min—1) (MM min—tmg~?%) (fold) (%)
crude extract? 16.1 53.6 333 1.00 100
Sephacryl S-200 0.69 9.75 141 4.20 18.2
phenyl Sepharose 0.11 7.40 67.3 20.20 13.8
2The purification process started from 1 L of culture medium.
Table 3. Summary of the Steps for a-Galactosidase Purification from Penicillium griseoroseum
total protein total activity specific activity purification recovery
purification step (mg) (mM min—1) (mM min—t mg™1) (fold) (%)
crude extract? 70.0 170 2.02 1.00 100
(NH4),S04 (40-100%) 27.0 140 5.67 281 82.2
Sephacryl S-200 1.94 108 55.0 27.2 63.1

@The purification process started from 1 L of culture medium.

recovery of 13.8% (Table 2)P. griseoroseuna-galactosidase
was purified 27-fold with 63% recovery of the enzyme activity
(Table 3).

Maximum o-galactosidase activities were detected at pH 5.0
(soybean), 4.0 (A. terreus), and 5.0 (P. griseoroseigufe
1A). Similar optimum pH values were verified forgalactosi-
dases of other fungi, such 8hermomyces lanuginos($s),
Aspergillus nigel(16), andAspergillus oryza€l7) and for other
soybean varieties (). Optima pH values for crude extracel-
lular a-galactosidase frorA. niger, A. oryzagA. awamorj and
Rhizopus oligosporugrown in different carbon sources were
also in the acidic rangé€l8).

The temperature effect on the-galactosidase activities is
shown in Figure 1B. For a-galactosidases of germinating
soybean seed$,. terreus andP. griseoroseurnrhighest enzyme
activities were detected at 50, 65, and 45, respectively.
Optimal temperature values in the range of-®0 °C were
observed for crude extracellulargalactosidases produced by
fungi from four different species (18).

The A. terreuso-galactosidase was more thermostable than
the enzymes from the other two sourcdsig(re 2). No
reduction inA. terreusa-galactosidase activity was observed
after a 24 h period at 58C. This enzyme maintained about
100 and 40% of its original activity after 3 and 36 h at €D
respectively (Figure 2B). The enzyme showed significant
stability for a wide range of temperatures, which is desirable
for industrial applications. Four forms of purifidd nigerATCC

at 40°C, respectively Figure 2A). These values decreased to
60 and 33%, respectively, when incubation was performed at
45 °C. The half-life €1/2) of this enzyme at 45C was 6 h and

36 min. At 50°C, 91% of its original activity was lost after 30
min of incubation. These;, values were higher than those
reported for soybeam-galactosidases extracted from other
varieties (5,6).

No loss in enzyme activity was observed after incubation of
P. griseoroseunai-galactosidase for 5 h at £C. The enzyme
maintained about 65% of its original activity af2h at 45°C,
but about 90% of the activity was lost during an incubation
period of 30 min at 50°C (Figure 2C). The ty, of P.
griseoroseunu-galactosidase at 45C was 3 h and 27 min.
Thisty, value was lower than that reported forgalactosidase
derived fromBacillus stearothermophilusiCIM 5146 (19).

The Ky app Values for pNPGal, melibiose, and raffinose are
displayed inTable 4. TheKy values determined in this study,
using pNPGal as substrate, were similar to those obtained for
a-galactosidases of germinatinGyamopsis tetragonolobus
seedsZ0), Trichoderma reesdRUT C-30 1), andPenicillium
species 2322). TheKy values determined with melibiose were
close to that ofx-gal | of A. niger(16), but lower than th&y
value observed fan-galactosidase of germinating soybean seeds
of the vareity Doko %). The Ky values determined for
o-galactosidases ofA. terreus and P. griseoroseumwith
raffinose, 19.39 and 20.67 mM, respectively, are close to that
obtained foro-galactosidase d. stearothermophiluslUB3621

468900.-galactosidases were identified, which retained about (23). However, a loweKy value, 3.44 mM, was determined,

95% of the original activity after incubation at 4C for 21 h
(16).

with raffinose, for soybean-galactosidaseT@ble 4). Lower
Km values indicate that the enzyme has more affinity for the

a-Galactosidase from germinating soybean seeds retained 9Gubstrate and that the ES complex formation is not a limiting

and 70% of its original activity after incubation for 4 and 10 h

step for the reaction. In practical ternkg, is an important
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Figure 1. Effects of pH (A) and temperature (B) on the activity of soybean g 80 A
(w), Aspergillus terreus (@), and Penicillium griseoroseum (O) a-galac- ‘E’
tosidase. s 60
<
o
parameter; however, it is not the only characteristic determining % 40
enzyme efficiency. 2
Under the experimental conditions used, the soyhega- 20 1 s
lactosidase was more effective in the hydrolysis of pi&Rl, —A— 50°C
followed by the GO raffinose, stachyose, and melibidsb{e 0 * & A A A
5). On the other hand, the substrate stachyose was more 0 1 2 3 4 5 6
efficiently hydrolyzed than raffinose by enzyme preparations Incubation Time (h)

Lro(;n ﬁ _ter;eﬁs and E : _gr|seborosiIJFr)n. GTTe more 3ffectk|]ve Figure 2. Thermal stability of the o-galactosidases from (A) soybean,
yaro 3(5'? of the f‘yn_t d et;]c zu Istr_ai o Ia cotr)npare d :cOt e (B) Aspergillus terreus, and (C) Penicillium griseoroseum. The enzyme
natural oligosaccharide hydrolysis was also observed for grapesamples were preincubated for several periods at different temperatures

flesh a-galgctosidas_e_ (24). The three preparations co_n'_[aining and assayed as described for the standard assay. The activity at 0 min
o-galactosidase activity hydrolyzed raffinose more efficiently of preincubation was considered to be 100%.

than melibiose. Lactose and synthetic substrates containing

p-linkages or containing xylose, mannose, and glucose residuesrapje 4. Ky, Values Determined by the Michaelis-Menten Plot for

were poorly hydrolyzed by the enzyme preparations. a-Galactosidases from Soybean Seeds, Aspergillus terreus, and
The microbial enzyme preparations contained other enzymesPenicillium griseoroseum

such as invertase, as they were able to hydrolyze sucfasde(

5). The presence of invertase activity in thegalactosidase Kinzpp (MM)

preparations can contribute to the complete hydrolysis of the  substrate soybean A. terreus P. griseoroseum

oligosaccharides, because these GOs are substrates for both pnPGal 047 1.89 132

enzymes. melibiose 1.47 0.45 2.06
raffinose 344 19.39 20.67

The a-galactosidases differed in sensitivity to simple sugars
and mono- and bivalent ion3éble 6). The enzymes were little
or not at all inhibited by EDTA, Mg(ll), iodoacetamide, Na(l), for a-galactosidase isolated froRenicilliumsp. 23 (22), grape
K(l), Ca(ll), 2-mercaptoethanol, maltose, lactose, sucrose, flesha-galactosidase (24), and soybesigalactosidase (B).
D-glucose, anad-mannose. These results suggest thgalac- The enzymes from soybeaA, terreus, andP. griseoroseum
tosidase is not a metalloenzyme and that sulfhydryl groups dowere completely inhibited by Ag(l) and Hg(ll), whereds
not take part in the catalysis. This agrees with results reportedterreusandP. griseoroseurenzymes were completely inhibited
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Table 5. Hydrolysis of Several Synthetic and Natural Substrates by
Semipurified a-Galactosidases from Soybean Seeds, Aspergillus

terreus, and Penicillium griseoroseum

Falkoski et al.

Table 7. Hydrolysis of Oligosaccharides Present in Fatfree Soybean
Flour at Different Incubation Times by a-Galactosidase from Soybean
Var. Monarca, Aspergillus terreus, and Penicillium griseoroseum

hydrolytic activity? (%) + SD

GO enzymatic hydrolysis by a-galactosidase? (%)

concen- soybean A. terreus P. griseoroseum
tration time
substrate (mM) soybean A. terreus P. griseoroseum (h)  raffinose  stachyose  raffinose  stachyose  raffinose  stachyose
pNPaGal 0.5 100 +0.01 100 +0.03 100 + 0.05 0 0 0 0 0 0 0
oNPSGal 0.5 4.53+0.01 0 0 4 714+39 34714 100 100 72726 100
pNPaGle 05 0 0 3.30 +0.07 6 781+04 518+812 100 100 737+27 100
pNPaXyl 05 0 9.64 +0.02 0 8 100 53.1+2.67 100 100 755+3.2 100
pNPoMan 0.5 0 0 0
PNPSGal 05 0 0 0 aThe results were calculated on the basis of the chromatograms obtained from
raffinose 7.0 30.60+001 7857 +0.06 60.65+0.03 the GO analyses by HPLC. The assays were triplicate and represent the mean
maltose 4.0 18.12+0.05  6.07+0.05 10.60 = 0.03 obtained values
stachyose 7.0 11.74 £ 0.02 85.71+0.01 78.65 +0.02 '
melibiose 4.0 7.68 £0.05 15.36 £ 0.07 16.15+0.01 L . . L
lactose 4.0 2.30 + 0.04 0 0 inhibition is likely to be an advantage for industrial applications
sucrose 4.0 0 35.71+0.03 16.30£0.05 of the A. terreusandP. griseoroseunu-galactosidases.

@ Relative activities were calculated in relation to the pNPaGal activity, which
was considered to be 100%.

Table 6. Effect of Sugars, Salts, Sodium Dodecyl Sulfate,
lodoacetamide, EDTA, and 2-Mercaptoethanol on o-Galctosidases
from Soybean, Aspergillus terreus, and Penicillium griseoroseum

o-galactosidase activity? (%) + SD

effector? soybean A. terreus P. griseoroseum
100 + 0.05 100+ 1.21 100 +£2.91
lactose 89.51 +0.02 102.5+1.09 88.00 £ 1.55
maltose 91.33+0.02 92.80+0.7 94.00 +£3.78
melibiose 7414+ 0.01 39.70 £ 1.03 58.00 + 3.56
raffinose 81.73 £0.05 80.60 + 1.34 93.00 £ 0.80
D-mannose 90.05 + 0.02 90.50 + 0.67 94.00 +1.25
p-galactose 53.53+0.01 107.2+1.45 100.0 £ 2.34
stachyose 87.69 £ 0.04 95.73+0.85 88.00 + 3.81
sucrose 98.72 £ 0.07 116.5+2.90 103.0 £ 2.80
D-glucose 94.40 £ 0.01 105.1 +2.57 96.00 + 2.05
EDTA 97.21+0.02 105.0 +1.02 101.0 +£2.08
MgCl, 94.15 £ 0.04 105.6 +1.25 98.00 + 1.47
SDS 49.36 +0.01 46.90 + 2.30 0
CaCl, 96.25 + 0.02 109.9 £ 2.79 94.00 + 2.52
CuSOy 59.16 £ 0.01 0 11.00 +1.88
KCl 96.48 £ 0.02 105.7 +1.80 1020+1.21
NaCl 94.20 +£0.03 124.8 £0.82 96.0 +4.31
2-mercaptoethanol 98.66 + 0.03 107.8 £2.35 95.0 £ 1.68
iodoacetamide 95.88 +0.03 1043 +1.27 98.87 £ 0.56
HgCl, 0 0 0
AgNO3 0 0 0

aThe final concentration of all effectors was 1 mM. ? Relative activities were
calculated in relation to the pNPGal activity, which was considered to be 100%.

by Cu(ll) and SDS, respectively. Reductiondrgalactosidase
activity by Cu(ll) and Ag(l) was reported far-galactosidases
from Torulaspora delbrueckiiFO 1255 @5), B. stearothermo-
philusNCIM 5146 (19), andD. hansenilUFV-1 (26). Participa-
tion of carboxyl and/or histidine imidazolium groups in the
catalytic action is presumed on the basis of the inhibitory effect
(27). The ionic detergent SDS is an extremely effective

The data presented far-galactosidase activity, GO, and
reducing sugar determinations are means of triplicate assays in
which the standard deviation values were smaller than 10%.

Despite the different procedures proposed for GO reduction
in leguminous products, enzyme processing has proved to be
more effective in terms of time and cost. It has been proposed
that the use of crude or semipurifiedgalactosidase is more
cost-effective than other types of procedur@3 81). Hydrolysis
time will depend on the amount of enzyme used during
processing. The ability of soybeah, terreus, andP. griseo-
roseumoi-galactosidases to hydrolyze oligosaccharides in fatfree
soybean flour was demonstrateébaple 7). Soybean flour (2
g) incubated with the soybeaA, terreus, andP. griseoroseum
enzymes (8 units) for a period of 4 h promoted reductions of
71, 100, and 73% in the raffinose content, respectively, whereas
stachyose was reduced by 35, 100, and 100%, respectively. No
oligosaccharide hydrolysis was detected in control samples in
which the enzyme extracts had been replaced by water. Using
a much higher-galactosidase amount, GOs present in pinto
bean flour (4 g) were completely eliminated aft2 h of
incubation with 40 mL of crude extracellular fungal enzyme
(60 units mLY) (18). The extracellulara-galactosidase of
Debaryomyces hansetiiFV-1 completely hydrolyzed soy milk
GO in a 4 htreatment (26). Our results, especially with the
microbial enzymes, indicate that the genes encodirgplac-
tosidases in these microorganisms can be potentially superex-
pressed in heterologous systems for optimum industrial use.

Soy molasses was also subjected to treatment with the
o-galactosidases, and GO hydrolysis was evaluated by the
production of reducing sugar&igure 3). No oligosaccharide
hydrolysis was detected in the control, in which the enzyme
extracts had been replaced by water. The preparations containing
microbial enzymes were more effective in hydrolyzing GO in
soy molasses, as was also the case when soybean flour was
used as the GO source.

As the enzyme preparations frofn terreusand P. griseo-
roseumshowed invertase activity, it is possible that invertase
and a-galactosidase acted synergistically, especially against
stachyose, which was fully hydrolyzed in all treatment periods

denaturing agent for proteins; in its presence most proteins Iose(-l-ab|e 7). Complete GO hydrolysis can be achieved by either

their functions either completely or partially with the disruption
of tertiary and quaternary structuré8(29). The enzymes were
partially inhibited by melibiose, raffinose, and stachyose.
Soybearn-galactosidase was inhibited lnygalactose, an end
product from GO hydrolysis. Galactose is a competitive inhibitor
of purified soybeam-galactosidasesj. The microbial enzymes
were not affected by this sugardble 6). This lack of galactose

o-galactosidase, invertase, or both. Whereagalactosidase
hydrolyzes thex-1,6 linkage of raffinose and produces galactose
and sucrose, invertase hydrolyzesfhg,2 linkage and produces
melibiose and fructose). Breaking down sucrose into glucose
and fructose will also increase sweetness and increase the rate
of Maillard browning reactions to darken the products. Although
more research should be done, our results indicate that the
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(7) Porter, J. E.; Herrmann, K. M.; Ladish, M. R. Integral kinetics
of a-galactosidase purified frofGlycine maxfor simultaneous
hydrolysis of stachyose and raffino&otechnol. Bioengl99Q
35, 15-22.

(8) Somiari, R. I.; Balogh, E. Properties of an extracellular glycosi-
dase ofAspergillus nigesuitable for removal of oligosaccharides
from cowpea mealEnzyme Microb. Technol995,17, 311—
316.

(9) Stemberg, D.; Vijaykumar, P.; Reese, E. A-glucosidase:
microbiology of production and effect on enzymatic hydrolysis
of cellulose.Can. J. Microbiol.1970,23, 139—147.

(10) Miller, G. L. Use of dinitrosalicylic acid reagent for determination
of reducing sugarAnal. Chem1956,31, 426—428.

(11) Mcllvaine, T. C. A buffer solution for colorimetric comparison.
J. Biol. Biochem1921,49, 183—186.

(12) Bradford, M. M. A rapid and sensitive method for the quantitation

Reducing Sugar (mM)

Time (h) of microgram quantities of protein utilizing the principle of
. . i . protein—dye bindingAnal. Biochem1976,72, 248—254.

Figure 3. Production of reducing sugars during GO hydrolysis of soy (13) Manzoni, M.; Rollini, M.; Bergomi, S.; Cavazzoni, V. Production
molasses by soybean (v), Aspergillus terreus (@), and Penicillium and purification of statins fromAspergillus terreusstrains.
griseoroseum (O) a-galactosidases. Soybean molasses mixed with water Biotechnol. Tech1998,12, 529—532.
(2:5 wiv) (10 g) was incubated with 32 units of each a-galactosidase at (14) Ribon, A. O. B.; Coelho, J. L. C.; Barros, E. G.; Araljo, E. F.
40 °C for 0, 30, 60, 90, 120, and 240 min. For the control assay (a), the Cloning and characterization of a gene encoding the endopo-
enzyme was replaced with distilled water. lygalacturonase oPenicillium griseoroseunBiotechnol. Lett.

1999,21, 395—399.

simultaneous use of both enzymes for GO hydrolysis could be (15) Puchart, V.; Vrsanska, M.; Bhat, M. K.; Biely, P. Purification

a more effective alternative in industrial applications. and characterization ofi-galactosidase from a thermophilic
. . . . . fungusThermomyces lanuginos&iochim. Biophys. Acta000,
The o-galactosidases described in this work are of interest 1524. 27-37.

because of their potential to convert oligosaccharides present (16) Ademark, P.: Larsson, M.; Tjerneld, F.; Stalbrand, H. Multiple
in soybean products to digestible sugars. In general, the enzymes a-galactosidases fromspergillus niger: purification, charac-
suggested for this purpose are of microbial origin and therefore terization and substrate specificiti€&&nzyme Microb. Technol.
present the disadvantage of having no GRAS (generally regard 2001,29, 441—-448.

as safe) status. However, the fungal enzymes are relatively easy (17) Prashanth, S. J.; Mulimani, V. H. Soymilk oligosaccharide
to produce and the most suitable for technological applications, hydrolysis byAspergillus oryzaeu-galactosidase immobilized
mainly due to their extracellular localization, acidic pH optima, in calcium alginateProcess Biochem2005, 40, 1199—1205.
and broad stability profiles. On the other hand, soybean (18) Song, D.; Chang, S.K. C. Enzymatic degradation of oligosac-
a-galactosidase is uniquely suited to use in the high-protein, igggdefsgnl pinto bean floud. Agric. Food Chem2006, 54,
strongly buffered e”""of‘“?ent of Soymeal slurry. This enzyme (19) Gote, M.; Umalkar, H.; Khan, I.; Khire, J. Thermostable
should present no restriction regarding Saf(_ety for_ use in food o-galactosidase frorBacillus stearothermophiluNCIM 5146)
processing. However, the amountoefjalactosidase in soybean

. S S and its application in the removal of flatulence causing factors
seeds is small, and the purification process is difficult. In both from soymilk. Process Biochen2004,39, 1723—1729.

cases, we suggest the genes encoding these enzymes should bgo) shivanna, B. D.; Ramakrishna, M.; Ramadoss, C. S. Purification
cloned and overexpressed in suitable organisms to produce the and properties of the anionic form af-galactosidase from
enzymes at low cost. germinating guar (Cyamopsis tetragonolobi®ant Sci.1980,
72, 173-180.
(21) Sahabalin, D. A.; Kulminskaya, A. A.; Savel'ev, A. N.; Shish-
kyannilov, S. M.; Neustroev, K. N. Enzymatic properties of
o-galactosidase fronTrichoderma ressein the hydrolysis of
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