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ABSTRACT

An organism producing extracellular-Galactosidase was isolated from soil and iderdifees Bacillus circulans.
An extracellular a-Galactosidase from Bacillus circulans has beenifpd to homogeneity and purity by
chromatographic steps, using Sephadex G-100, DElEkes, and Sephadex G-200. The specific actvitthe
enzyme was increased approximately 9.5 fold. THeaular weight of the purified enzyme was deterchimg SDS-
PAGE was 81 kDa. The optimum pH and temperatur¢hipurified enzyme were 4.5 and 40°C, respeytivel
Galactosidase is stable over abroad pH rang (3.BLOK, values for p-nitrophenyé-D-galactopyranoside,
melibiose, and raffinose were determined 2.00, 56r@ 97.9 mM, respectively-Galactosidase activity was
strongly inhibited by Agand H¢* metal ions. The enzyme hydrolyzes flatulence caugtactooligosaccharides,
viz. raffinose and stachyose present in the soybean
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INTRODUCTION

a-Galactosidase(EC 3.2.1.22¢-D-galactoside galactohydrolase) is an exo-typeagide hydrolase that catalyzes
the hydrolysis ofi-1,6-galactosidic linkages in galactose-contairoligosaccharides such as melibiose , raffinose ,
and stachyose and in galactomannan, which is comynfonnd in legumes and seeddany sources including
plants and microorganisms can produc&alactosidaseby de nova synthesis depending on environmental
conditions and its requirements. Hence bacterign@uycetes, yeasts, and fungi were used for enzyméuction
(Singh and Kayastha, 2013). However, purificatiorhbmogeneity and characterization of this enzyaneehonly
been done for a few organisms (Liu et al., 2014).

On the other hand,-Galactosidasethat catalyzes the hydrolysis of simple and compléyo- and poly-saccharides
containing terminad-D-galactosyl groups and can be found in microoigras (Ulezlo and Zaprometova,1982) and
plants (Chineret al, 1981). Several industrial applications @D-Galactosidase are known, mainly in food
industry. a-D-Galactosidases are used for hydrolysis of raffinose and stac@ypesesent in leguminous food.
(Ohtakara and Mitsutomi, 1987) it can be also ufmdhydrolysis of raffinose, stachyose, and leguwnm
polysaccharides present in soybean milk (Kotwalal, 1998). In sugar industey-Galactosidase improve
crystallization of sucrose by hydrolysis of raffs@content in molasses during the manufacture psogienden,
1982). Moreover, they can enhance the bleachingcefih pulp and paper industry (Ratd al, 1993). The
underlying pathology of many human genetic diseaseslves molecular changes related to carbohydrate
metabolism, largely the complex sugars. Fabry'sadis (abnormal sphingolipid metabolism) is due deficiency

in thermolabile lyososomal-Galactosidase Recentlyp-D-Galactosidase are used for medical purposes, e.g. for
treatment of Fabry's disease by enzyme replacetherdpy (Fulleret al, 2004) or blood type conversion (Olsson
et al, 2004).

In the present study we attempted to purificatiod eharacterization af-Galactosidasgin addition its applications
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EXPERIMENTAL SECTION

Microorganism sources
The mutanBacillus circulanswas isolated and identificated from Egyptain gbig strain was mutant by exposed to
gamma irradiation (3.0 kGy).

Production of a-Galactosidase enzyme

The basal growth medium for enzyme production hadfdllowing composition: 1g POy, 3g KH,PO,, 3g yeast
extract, 20g raffinose. The ingredient were dissdln one liter distilled water. The pH was adjdste 7.0, for
preparation of the inoculum, 1.0 ml of suspensias wransferred to 50 ml of the basal medium in @ &b
Erlenmeyer flask and incubated in a rotary shakgg (rpm) at 37°C for 24 h. Cultivation was also €ldém 250 ml
Erlenmeyer flask, each containing 50 ml of steniledium. One milliliter of the inoculum was transést to the
growth medium, then incubated at 37°C in the gsotdraker at 150 rpm., the culture was centrifugesi0@0 rpm
for 10 min. and the clear culture filtrate was taker enzyme assay.

Enzyme assay

a-Galactosidase activity was assayed by measuring the releaserifrgphenol from chromogenic substrate-((
nitrophenyle-D-galactopyranoside) in citrate phosphate buf@ne unit of a-Galactosidase activity was
expressed as the amount of enzyme that liberatgsndl of product (p-nitrophenol) per minute undesas
conditions.

Fractionation by salting-out with ammonium sulfate

The method described by Dixof1953) was used for fractionation ai-Galactosidase by salting-out with

ammonium sulfate. In this method, the culture medias centrifuged at 5000 rpm for 10 minutes iefagerated
centrifuge to separate the cells. The whole enzgoiation kept in an ice bath then followed by addsolid

ammonium sulfate slowly until the required satumatof ammonium sulfate was reached (20, 40, 60, 84144,

w/v). The solution was left overnight at 4°C themiifuged at 5000 rpm for 25 minutes in a refriged centrifuge,
each precipitate was dissolved in 10 ml distillegtev. The precipitate was dialyzed against distileater in a
cellophane bag (at 4°C) until the water outsidebi#ig gave no precipitation with 1% barium chlorsddution. This
indicated that the enzyme solution inside the bacpme free from excess sulfate. The water outhel®ag should
be changed several times. For each concentrati@amofionium sulfate, the protein content anGalactosidase
activity were determined in each dialysate.

Gel filtration chromatography

The method described by Woreg al (1986) was used fogel filtration chromatography. In this method, the
dialysate of ammonium sulfate fraction was applteéed column (2.6 x 75 cm) of Sephadex G-100, dupaited with
0.2 M NaHPQO,;-0.1 M citric acid buffer solution (pH 5.0), andutdd with the same buffer at flow rate 60 mi/h. The
active fractions were pooled and dialyzed agaiistilléd water.

lon exchange chromatography (DEAE)

The fractions were concentrated and dialyzed ag@i@sv NaHPQO,-0.1 M citric acid buffer solution (pH 5.0) then
adsorbed on a diethylaminoethyl-cellulose (DEAHwutetse) column (1.5 x 40 cm) equilibrated with thame
buffer solution. Non-absorbed proteins were washigd the same buffer solution and the absorbedepistwere
eluted with stepwise of NaCl solution (0.1-0.5 Nihe column was eluted at flow rate 60 ml/h. Thévadractions
were pooled and dialyzed against distilled watehi@er,1965).

Fractionation by Sephadex G-200 gel filtration

The most active fractions from DEAE-cellulose columere pooled, dialysed as described in previogs anhd
loaded on a (2.5 x 75 cm) column of Sephadex G&@fdilibrated and eluted with the same buffer sohutas
described previously. The active fractions werelpd@and dialyzed against distilled water.

Electrophoretic techniques
Native-PAGE (without SDS-PAGE and reducing agent) 8DS-PAGEwere performed in Bio Rad Mini-Protein I
Dual-Slab apparatus according to the method destiily Laemmli (1970) .

Properties of purified a-Galactosidase

Effect of temperature and pH

The effect of temperature on the activity of theified o-Galactosidasevas determined by standard assay at 30, 35,
40,45,50,55 and 60°C. TheGalactosidasestability was assessed by incubation of the enzfgn®0 min at the
above temperature. The residuaGalactosidasectivity was estimated under standard conditiamt®rling to the
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method described by (Ohtakara and Mitsutomi, 1984g effect of pH on enzyme activity was deterministhg
casein as the substrate, which was dissolved ferdift buffers of pH 3-9. The enzyme stability atieus pH
values was determined by pre-incubating the enzyittean equal volume of each buffer for 30 min @8@ .The
residual a-Galactosidase activity was assayed under standard conditionanabptimized temperature of 30°C
(Ohtakara and Mitsutomi, 1984)

Effect of metal ions

The purified enzyme was diluted with an equal vaduof metal salts (Ag, N9 MnCl,, MgSQ,, HgClL and Cadl
solution) with concentrations ranging from 0.1-1rakt incubated for 30min at 30°C. The residu@alactosidase
activity was assayed under standard conditions.

RESULTS AND DISCUSSION

Four fractions of cruden-Galactosidaseproduced by mutanB. circulans were obtained by four different
concentrations of ammonium sulfate ( 20, 40, 6@, 8D %, w/v). Results obtained was illustrated ig.([®). The
fraction obtained by 60% (w/v) of ammonium sulfateowed low protein content, highGalactosidase activity
and specific activity comparing with the crude wfSalactosidase and other fractions. Therefore, the fraction
obtained by 60% (w/v) ammonium sulfate was useduuher purification studies.
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Fig. 1. Protein content, Enzyme activity and spefic activity of different fractions of mutant B. circulans a-Galactosidase obtained by
ammonium sulfate fractionation

In respect of fractionation ofi-Galactosidaseby salting-out with ammonium sulfate, Woreg al. (1986)
precipitateda-Galactosidase from Monscus pilosudy 50% (w/v) saturation of ammonium sulfate. Mareo a-
Galactosidasegproduced byBacillus stearothermophilugias precipitated by 50% (w/v) saturation of ammaniu
sulfate Rezessy-Szabet al (2006); Katroliaet al., (2012)isolated thermostable-Galactosidasefrom the
thermophilic Thermomyces lanuginosuSBS 395.62/b. The enzyme was precipitated at 7@centrated
ammonium sulphatey-Galactosidaseproduced by mutanB. circulansafter partial purification with 60% (w/v)
ammonium sulfate was applied to a Sephadex G-106 €lution diagram of the enzyme was illustrateaphbically

in Fig.(2).a-Galactosidasective fractions (from fraction No. 17 to 22) weraoled and concentrated then used for
further purification studies. The pooled fractioffisom fraction No. 17 to 22) obtained from the poms step
(Sephadex G-100) were adsorbed on a DEAE-cellulbise.elution diagram of enzyme purification wasastrated
graphically in Fig (3), it was observed that theyame was eluted effectively in seven fractions rgnfieom
fraction No. 41 to 47. The fractions were poolednaentrated then used for further purification gtudThe
concentrated enzyme solution obtained from the ipusv step (DEAE-cellulose) was subjected to thelfin
purification on Sephadex G-200. The elution diagdithe enzyme was illustrated graphically in F4y.{000t was
noticed that the enzyme was eluted effectively éwes fractions namely from fraction No. 9 to 15.eTdx
Galactosidase active fractions were pooled and dialyzed agadistilled water then used for electrophoresis
techniques and also for studying the enzyme prigsert
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Fig. 2. Elution diagram for purification of mutant B. circulans a-Galactosdase obtained by ammonium sulfate precipitation (60%
(NH,4).SO, fraction) on Sephadex G-100. The column (2.6 x 7&m) was equilibrated with 0.2 M NaHPO,-0.1 M citric acid buffer
solution (pH 5.0). Elution was carried out with 500ml of the same buffer. The flow rate was 1 ml/mimand fraction volume 5 ml
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Fig. 3. Elution diagram for purification of mutant B. circulansa-Galactosidase on DEAE-cellulose. The pooled fractions (from 170t22)

obtained from Sephadex G-100 were purified. The coinn (40 x 1.5 cm)was equilibrated with 0.2 M NaHPO,-0.1 M citric acid buffer

solution (pH 5.0). Elution was carried out with 500ml of a linear stepwise of NaCl (0.0-0.5 M). Thddw rate was 1 ml/min and fraction
volume 5 ml
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Fig. 4. Elution diagram for purification of mutant B. circulansa-Galactosidase on Sephadex G-200. The pooled fractions (from 4 47)
obtained from DEAE-cellulose were purified. The calmn (2.5 x 75 cm)wvas equilibrated with 0.2 M NgHPO4-0.1 M citric acid buffer
solution (pH 5.0). Elution was carried out with 500ml of the same buffer. The flow rate was 1 ml/mimand fraction volume 5 ml

Total enzyme activity, total protein content, apédfic enzyme activity of the proteins at eaclpsiéfractionation
and purification are summarized in Table (1). Thefied a-Galactosidasehad a specific activity of 118.27 U/mg
protein with 9.5-fold purification. In the presestudy, the value of specific activity of purifiedGalactosidase
(118.27 U/mg protein) was differed from the obtdin®ey Durance and Skura (198tr Clostridium perfringens
(1.61 U/mg protein), Talbot and Sygusch (1990)Hacillus stearothermophilud 60 U/mg protein), and Gogt al
(2006) forBacillus stearothermophiludNCIM-5146) (400 U/mg protein).

Table 1. Summary of steps of fractionation and pufication of a- Galactosidase from mutant B. circulans

Step Volume | Total activity | Total protein | Specific activity
(ml) V) (mg) (U/mg protein)
Culture filtrate 10000 18190.0 1446 12.500
60% ammonium sulfate fraction 10.0Q 296.750 3.730 .650
Sephadex G-100 25.00] 265.00 2.500 106.00
DEAE-cellulose 35.00 142.86 1.250 114.29
Sephadex G-200 35.00] 92.250 0.780 118.27

5. Electrophoresis

a. Native-PAGE.

The efficiency of the purification process of eatép separately (60% ammonium sulfate fractionh&eéex G-100,
DEAE-cellulose, and Sephadex G-200) was evaludteaugih the Native-PAGE. Native-PAGE was performed
under non-denaturing conditions, i.e. in the abseotp-mercaptoethanol and SDS without heating. Gel was
conducted using a 12%w/v) polyacrylamide gel. Fig.(5) shows the resolutiait@rns of each fraction, obtained
data clearly showed that 60% ammonium sulfate ivacfiane 1) consisted of eight bands withv&ue of 0.125,
0.187, 0.387, 0.45, 0.582, 0.75, 0.812, and 0.8%tidly purified protein obtained by Sephadex @1lane 2)
consisted of three bands with\Rlue of 0.125, 0.387, and 0.812. Semi-final pedfprotein obtained by DEAE-
cellulose (lane 3) consisted of two bands withv&due of 0.125 and 0.387. Final purified proteirtadted by
Sephadex G-200 (lane 4) consisted of one bandRyitalue of 0.387.
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Fig. 5. Native ofa-Galactosidase enzyme produced by mutanB. circulans at various stages of purification. Analysis perforned on a
polyacrylamide and stained with Comassie BrillianBlue R-25Q From left to right: Lane 1, 60% ammonium sulfate fraction; Lane 2,
partially purified protein obtained by Sephadex G-D0; Lane 3, semi-final purified protein obtained byDEAE-cellulose and Lane 4, final
purified protein obtained by Sephadex G-200

b. SDS-PAGE

Final purified protein obtained by Sephadex G-2@& wubjected to SDS-PAGE. Gel was conducted usitizf/a
(w/v) polyacrylamide gel gave a single band MW approxaiya81 kDa by SDS-PAGE Fig.(6). This single sulbuni
indicating the purity and homogeneity @fGalactosidase This molecular weight is slightly differed to g® of
other reported by Talbot and Sygusch (1990)Hacillus stearothermophilu&3 kDa) and Gotet al (2006) for
Bacillus stearothermophilufNCIM-5146) (79.9 kDa). However, the subunit mailec weight ofa-Galactosidase
from present strain and from other reported strafrthe same specieB4cillus sp.) ranges between 80 and 84 kDa,
suggesting that the gene size could be similaidlithase species (Granter et al.,1988; Talbot ayguSch,1990;
Fridjonsson et al.,1999; and Gote et al.,2006)

Fig. 6. SDS-PAGE ofx-Galactosidase enzyme produced by mutanB. circulans. Analysis performed on a polyacrylamide and stairg

with silver staining technique. From left to right: Lane 1, standard molecular weight markersf§{-Galactosidase, 116; phosphorylase b,

97; bovine serum albumin, 66; ova albumin, 45; soyan inhibitors, 20; anda-lactalbumin, 14 kDa) and Lane 2, final purified protein
obtained by Sephadex G-200

Properties of purified a-Galactosidase

a. Effect of pH
The aim of the present experiment was to find detgH value at whichu-Galactosidaseexhibits its optimum

activity. In this respect, different buffers wittanous pH values, namely citrate buffer (pH 3.0y&Gfd citrate-
phosphate buffer (pH 4.0-7.0) were used. In alctiea mixtures prepared, the same amounts of satlsand
buffers were added, but each was adjusted at afisgad value. The reaction mixtures were incubased0°C for
30 min. Thereafter, the reaction was stopped aaddleased glucose was measured. Results obtamgdesented
as enzyme activity (U/ml) in Fig.(7). The preseaesults indicated that the enzyme activity in cérphosphate
buffer was the best suitable for enzyme activitgehmse the highest values wfGalactosidaseactivity (6.2 U/ml)
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were recorded with this buffer followed by citrdteffer (5.8). From these results, pH 4.5 seemsetdhe most
suitable pH for the enzyme activity. The same figdi were observed by Worg al (1986)who showed thati-
Galactosidaseactivity of Monococus pilosusssayed at 40°C in citrate-phosphate and acetiffierd showed an
optimum pH at 4.5-5.00n the other hand, the optimum pH of enzyme dgtivom Aspergillus saitowas found at
a wide range 4.0 to 8.0 (Sugimoto, and Van-Burd®70). Purified a-Galactosidase from Bacillus
stearothermophilugNCIM-5146) exhibited maximum activity (more thai®%) in the pH range 5.5-8.0 with
optimum at 6.5-7.0

—w— Citrate-buffer
61 —=a—Citrate phosphate-buffer

pH
Fig. 7. Effect of pH on the activity of purified muant B. circulans a-Galactosidase

b. Effect of temperature.

The enzyme activity was assayed under the standanditions, purified enzyme incubated 30 min at 98 at
various temperatures (30, 40, 50, 60, 70, and 8B%€}8). The enzyme showed maximum activity atClO&fter
this degree a decrease in activity was observegemeralthe optimum temperatufer mosta-Galactosidases in
the range of 37-40°C (Ulezlo, and Zaprometova, 1982

14 —_—
T

30 40 5 60 70 80
Temperature (°C)
Fig. 8. Effect of temperature on the activity of prified mutant B. circulans a-Galactosidase
c. Effect of time.
The effect of incubation time at 40°C oanGalactosidasectivity was examined to establish the assay pureed

The enzyme assay mixture was incubated for 103@040, 50, and 60 minutes. The results obtained wellected
and illustrated in Fig.(9). The results showed thatenzyme activity increased linearly with thediincrease and

505



El-Sayed O. H.et al J. Chem. Pharm. Res., 2016, 8(7):499-508

reached the maximum after 30 min at 40°C. The teslbo showed that the hydrolysis of melibioseched its
maximum after 30 min of incubation. Incubation ozgme mixture for more than 30 min did not influertbe
enzyme activity.

Activity (L)

0 —
0 10 20 20 40 50 60

Time (min)
Fig. 9. Effect of time on the activity of purifiedmutant B. circulans a-Galactosdase at 40°C d. pH stability

In this experiment, identical purified enzyme i2 O/ citrate-phosphate buffer at pH values rangnognf 3.0 - 7.0
were incubated at 40°C for 24 h. Thereafter, thevpide of the purified enzyme was directly readjdsto pH 4.5
and added to the mixture containing the substteta the enzyme activity was determined. Resultaiodd were
presented in Fig.(10). The present results indicHiat the enzyme was stable around pH 3.5 at 4°24 h. The
same findings were observed by Waetgal. (1986) who found that the-Galactosidaseof Monascus pilosusvas

stable between pH range 3.0-8.0. On the other Haedessy-Szabet al. (2006) reported that thEhermomyces
lanuginosuCBS 395.62/m-Galactosidasés stable for at least 24 h at 55 °C in the pH eatig-8.0.

5 6 7
pH

o
M

Fig. 10. Effect of pH on the stability of purifiedB. circulans a-Galactosidase incubated at 40°C for 24 h

e. Thermal stability

This experiment was carried out to investigatehbat stability of the purified enzyme (Liu, 201R)rified enzyme
was heated in water bath with different temperaui@0-60°C) for different periods of time up to oheur.
Thereafter, the tubes were then rapidly cooled asshyed fon-Galactosidasectivity using standard procedures.
o-Galactosidasewas stable at 30 and 40°C at different time liragsshown in Fig.(11). The residual activity was
decreased to 10.22% when the enzyme was storedP@tfér 30 minutes and completely distorted at 66540
minutes.
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Fig. 11. Effect of temperature on the stability (termal stability) of the purified mutant B. circulans a-Galactosidase

Metal ions and EDTA

The effect of different concentrations of metalsdAgNQ;, MnCl,, MgSQ,, HgChL, and CaG) and EDTA on the
o-Galactosidaseactivity is shown in Fig.(12);-Galactosidasewas strongly inhibited by Agand HG* metal salts,
while EDTA did not affect the-Galactosidaseactivity. These findings were similar to that abed by Goteet al
(2006) and Wonget al (1989 for Monscus pilosusind Bacillus stearothermophilufNCIM-5146), respectively.
The inhibition by silver ions may be attributedtteir reaction with the carboxyl group or histidiresidues, and
that by mercury ions may be attributed to theidbig of thiol group of the enzyme.

54
—I—
4 . ¢
—~
= —m—AgNO3
—
3 —e— Hg(12
9 — A MeSO4
2 v— Mn(2
:E —&— CaCl2
B 27 —+—EDTA
14
-
" w
. .
0 —2 —e + + +
00 02 04 06 08 10

Concentration (mM)

Fig. 12. Effect of different concentrations of methions and EDTA on the activity purified a-Galactosidase
CONCLUSION

After studying the properties ef-Galactosidase enzyme was fixed at a temperature of@@nd also had the
highest activity at pH 4.5. Then when estimated &md Vmax found that the enzyme was active in tlesgmce of
Ag*? and Hg?
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