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The shaking fermentation of fungal strain Penicilium chrysogenum sp.23 on soy meal resulting in a high o-
galactosidase yield of 4200 U/l and was accompanied by the excretion of invertase activity. An ultrafiltration method
was applied to obtain enzyme product and further purification procedure was developed to obtain pure a-galactosidase.
The optimal parameters pH 4.5-5.0 and temperature 50°C of a-galactosidase fraction were determined by using p-
nitrophenyl-a-D-galactopyranoside as substrate. The hydrolysis of raffinose catalyzed by a-galactosidase in the
presence of side excreted invertase was followed by HPLC analysis. The results were compared with data from
raffinose hydrolysis of a-galactosidase without any traces of invertase using fungal strain Humicola lutea 120-5. It is
shown clearly that the presence of invertase in this case provoked a significant transformation of the raffinose to

melibiose and fructose mainly.
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INTRODUCTION

Human consumption of soy products is
increasing due to their high nutritional value,
acceptable price as well as their health effects, such
as reduction the cardiovascular diseases,
osteoporosis and cancer risks [1]. In spite of these
advantages, they also contain a certain amount of
oligosaccharides of raffinose type, which are not
assimilated by humans and non-ruminants animals
causing flatulence and discomfort. They pass on
intact into the large intestine, where anaerobic
microorganisms  ferment them and cause
gastrointestinal disturbances [2]. Degradation of
these oligosaccharides from soybeans and legumes
foods to low molecular weight compounds such as
glucose and fructose is necessary to reduce
substantially or completely prevent of the flatus
formation (flatulence). Many researchers have
noted the degradation of these oligosaccharides
using a mixed crude enzyme system consisting of
alpha-galactosidase and invertase [3]. The main
problem is that the hydrolysis of these
oligosaccharides as raffinose does not run
completely to the formation of galactose, glucose
and fructose, and in the hydrolyzate were found
significant amounts of melibiose.

a-Galactosidase (EC 3.2.1.22) and invertase (EC
3.2.1.26) with official name B-fructosidase are
enzymes belonging to the class of hydrolases,
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subclass  glycosidases (3.2.1) i.e enzymes
hydrolyzing glycosyl oxygen compounds. a-
Galactosidase is an enzyme which is a glycoprotein
with a carbohydrate and a protein part in a ratio of
1:6. It catalyzes the hydrolysis of non-reducing a-1,
6 linked galactose residues of different substrates,
including linear and branched oligosaccharides,
polysaccharides, and synthetic substrates such as p-
nitrophenyl-a-D-galactopyranoside [4]. This
enzyme is widely distributed in microorganisms,
plants and animals [4]. Among all the sources of a-
galactosidases, the fungal o-galactosidases were
most suitably exploited for their biotechnological
applications mainly due to their extracellular
localization, acidic pH optima, and broad stability
profiles.

At present, the industrial applications of o-
galactosidase are related to the beet sugar industry,
pulp and paper industry, soy food processing, and
animal feed processing [5, 6]. Another important
application of a-galactosidase is its use in blood
group transformation, the treatment of Fabry’s
disease and xenotransplantation [7,8 ].

The invertase is an enzyme that has the ability to
hydrolyze a-1,2 glycosidic bonds, and thus
degrades sucrose to glucose and fructose in a ratio
of 1:1 [9]. There are several isoforms of invertase,
differing in pH optimum of activity, which may be
neutral, acid or alkaline [10]. The enzymatic
activity of invertase has been characterized mainly
in plants [11] and microorganisms [12,13].

In the present study we describe the production,
purification, pH and termal stability of an a-
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galactosidase from Penicillium chrysogenum sp. 23.
The special attention was focused on to the
raffinose hydrolysis in the presence of the
secondary enzyme invertase.

EXPERIMENTAL
Medium and culture conditions

In this research we used mesophilic filamentous
strain Penicillium chrysogenum sp.23, cultivated as
a source of extracellular a—galactosidase The fungal
culture was maintained on beer agar slants. Five ml
of spore suspension (approximately 2x10° — 10%°
spores/ml) were added to flasks (500 ml capacity)
containing 50 ml of soy meal extract (SME) which
is an extract of waste processing of soy protein
isolates with 5% dry content. The cultivation was
carried out stationary on rotary shaker at 30°C. In a
laboratory bioreactor (working volume 3 [) the
cultivation conditions were 30°C, agitation 600 rpm
and aeration 1.0 I/mint. Samples were taken in
different hours of cultivation and at the end of the
fermentation process fungal biomass was separated
from the culture fluid by filtration through paper
filter. The filtrate was used for assaying a-
galactosidase and invertase activity. After the
fermentation, the culture supernatant was subjected
to ultrafiltration for concentration and desalination
and after that it was lyophilized, as in that form the
enzyme retains activity for a long time.

Enzyme assay

a—Galactosidase activity was assayed by the
modified method of Dey et al. [14], which is very
accurate and sensitive, using 0,003 M p-
nitrophenyl-a-D-galactopyranoside  (pNPG) as
substrate at pH 5.5 supporting by 0.1 M citrate-
phosphate buffer. The reaction mixture was
incubated at 50°C for 15 min. The reaction was
stopped by the addition of 0.1 M sodium carbonate.
The amount of p-nitrophenol released was
measured from absorbance at 405 nm. One unit (U)
of a—galactosidase activity is defined as the amount
of enzyme liberating 1 pmol of p-nitrophenol per
min under the described conditions and corresponds
to 16.7 nkat.

Invertase activity was determined using sucrose
as a sSubstrate [15] and the reducing sugars
produced was then determined by the dinitro-
salicylic acid method [16] using glucose as
standard. One unit of the enzyme was defined as
the amount of protein necessary to produce 1 pmol
glucose equivalent in 1 ml of solution per minute at
pH 5 and 37°C. The absorbance was measured at
530 nm.
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The data presented are mean values of triplicate
assays. Standart deviations values were always
smaller than 5 % of the mean value.

Determination of protein content by Lowry
method

To determine the protein content was used the
method of Lowry [17]. The method is based on the
colorimetric measurement of the blue coloration
which is obtained as a result of the reaction of the
peptide bonds in proteins with copper ions under
alkaline conditions and reduction of
phosphotungstic acid and phosphomolybdic acid
from Folin—Ciocalteu reagent. The amount of
protein is determined from a standard curve using
bovine serum albumin with different concentrations
(0-100 pg/ml). The absorbance was measured at A
=750 nm. All measurements were performed in
triplicate.

a-Galactosidase purification

For separation and purification of enzyme
sample were used gel-filtration and ion-exchange
chromatography. The lyophilised enzyme sample
(700 mg) was dissolved in 5 ml 0.02 M sodium-
acetate buffer pH 5.5 and applied on Sephadex Gioo
column (80 x 2.5 cm) equilibrated with 0.02 M
sodium acetate buffer with pH 5.5. The absorbance
was monitored at A=280 nm. The proteins were
eluted at a flow rate of 18 ml/h and 3.8 ml fractions
were collected. Fractions of the active peak after
gel-filtration  chromatography containing o—
galactosidase and invertase activity were pooled
and were applied on DEAE-cellulose column (16
cm x 1.7 cm), equilibrated with 0.02 M sodium
acetate buffer with pH 5.5. Proteins were eluted at a
flow rate of 30 ml/h, with a linear gradient of NaCl
(0.1-0.5 M).Fractions containing o—galactosidase
and invertase activity were pooled, lyophilized and
used in further studies.

HPLC analysis of saccharides hydrolysis

HPLC analysis was performed with a Agilent
1100 chromatograph equipped with Evaporative
Light-scatering detector. An analytical column
LiChrosorb NH; (250-4 mm, 5 um) was applied for
carbohydrates separation. Sample injection was via
a Rheodyne injector equipped with a 10 ul sample
loop. The mobile phase consisted of
acetonitrile/water (70:30 v/v) for separation and
flow rate was fixed at 1 ml/min. Peak identification
of the chromatographs was done by comparing the
retention time with the standards - galactose,
glucose, sucrose, raffinose and melibiose were
purchased from Sigma. Stock solutions of mono-,
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di- and trisaccharides were prepared with equal
concentrations - 10 mg/ml, 0.1 M citrate-phosphate
buffer with pH 5.5, which was used for the enzyme
hydrolysis.

After determination the retention times of the
standart sugars it was conducted the hydrolysis of
raffinose catalyzed by the enzyme sample from
Penicillium chrysogenum sp.23 with the activity -
2U. The reaction mixtures contained 100 pl 0.05
mmol raffinose in 800 pl 0.1 M citrate-phosphate
buffer with pH 5.5, 2 units of the enzyme and 100 pl
buffer. The reaction mixtures were incubated at 40 C
for 5 min, cooled and applied to HPLC.

To prove the effect of invertase accompanying
a-galactosidase produced by strain Penicillium
chrysogenum sp.23, were conducted comparative
kinetic studies using pure a-galactosidase produced
by strain Humicola lutea 120-5 with the activity -
2U and without invertase activity.

Determination of pH optimum and pH stability

The effect of pH on the enzyme activity was
established by 0.1 M citrate - phosphate buffer with
different pH from 2.6 to 7.0. The enzyme activity
was measured by the method described above using
the  synthetic  substrate  p-nitrophenyl-a-D-
galactopyranoside. The amount of p-nitrophenol,
which releases the enzyme was determined
spectrophotometrically at SPECORD UV VIS at A=
405 nm.

The pH stability was determined by incubating
the suitably diluted enzyme in the above buffers
incubated at room temperature for 2 h and for 24 h
at 4°C and measuring residual enzyme activity at
pH 4.5 , 50°C and reaction time 15 min by the
modified method of Dey et al.

Thermal stability experiments of the enzyme

The thermal stability of a-galactosidase was
investigated by measuring the residual activity of
the enzyme after incubation at different
temperatures in the range from 25 ° to 70° C. The
diluted with distilled water enzyme solutions were
incubated for 2 h at a thermostat and the activity of
the samples was measured under standard
conditions described above.

RESULTS AND DISCUSSION

The fungal strain Penicillium chrysogenum
sp.23 produces high levels extracellular a-
galactosidase in combination with invertase, like
other eukaryotic microorganisms. After the
fermentation, the cultural supernatant was subjected
to ultrafiltration for concentration and desalination.

The cultural supernatant was lyophilized because in
that form the enzyme retains activity for a long
period of time. After purification of the a-
galactosidase by gel filtration on Sephadex G-100
column, we registered two closed protein fractions,
which have a common enzymatic activity of 65.6 U

(fig.1)
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Fig 1. Elution profile of «o-galactosidase from

Penicillium chrysogenum sp.23 on Sephadex G-100
column

The fractions of the active peaks after gel
filtration on Sephadex G-100 column were
subjected to ion exchange chromatography on
DEAE-cellulose column (16 c¢cm x 1.7 cm),
equilibrated with 0.02 M sodium acetate buffer
with pH 5.5. Proteins were eluted at a flow rate of
30 ml / h, with a linear gradient of NaCl (0.1-
0.5M). There is one major peak, having the a-
galactosidase activity of 27 U, which was eluted
with a linear gradient at a concentration of 0.3 M
NaCl (fig,2).
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Fig.2. Elution profile of the a-galactosidase from
Penicillium chrysogenum sp.23 on DEAE-cellulose
column

It was established that the active fraction
exhibiting o-galactosidase activity coincides with
that of invertase activity. After DEAE ion-exchange
chromatography the two enzymes are still not
separated. This procedure resulted in a partially
purified o-galactosidase fraction, which has and
invertase activity with specific enzyme activity of
30 U/mg, purification factor 65.2 and recovery
level about 28 %.
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The results of the purification of the enzyme are
summarized in the Table 1. =

Table 1. Summary of protein content, enzymatic activity Galastsse EClacsse

and yield at different purifaction steps of extracellular o- N
galactosidase produced by Penicillium chrysogenum F §
sp.23 3 fwo‘ N }l | Sucrose
Total Total Specific T e \
Pwification  proten activity activity S Tokd \
11§ 7 a Aty Aty - R
. ' - factor  [%] ] ~ Melibiose
[mg]  [U] [Umg _ of
BT ‘ b Raffinose
A0 966 046 1 100 | l I ﬁ
extract ‘ | Ill ](
Gel-filtartion 9 656  7.28 158 67.9 ’ |ll ;ll ;'\
VO AU\
N at .- v ! —
RIS 7 0 852 2 )
chromatography Fig 3. HPLC chromatogram of a standard mixture of

sugars (mobile phase -acetonitrile: water (70:30 v/v, flow
rate -1 ml/min)
Kinetic studies were performed by using HPLC

. . . . Kinetic studi ing HPLC lysis of th
analysis for tracking the hydrolysis of raffinose INEUICSUCIES "Using analysis ot the

using two different enzymes from fungal strains- hydrolysis of raffinose catalyzed by Penicillium
Penicillium chrysogenum sp.23 and Humicola lutea  Chrysogenum sp.23 showed the presence of fructose
120-5. and depletion of raffinose. The appearance of a new

peak for a disaccharide, probably is due to the a-
glucosidase activity produced by Penicillium
chrysogenum sp.23 invertase. The presence of
invertase  activity in the o-galactosidase
preparations could contribute to the complete
hydrolysis of the raffinose oligosaccharides,
because they are substrates for both enzymes

The HPLC analysis of the kinetic study with
enzyme from fungal strain Humicola lutea 120-5
clearly shows that the enzyme does not possess
invertase activity (fig.3, fig.4)

(fig.5).
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Fig 4. HPLC chromatograms of the hydrolysis of raffinose catalyzed by the enzyme sample from Humicola lutea. 120-5
with o- galactosidase activity - 2U.
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Fig. 5. HPLC chromatograms of the hydrolysis of raffinose catalyzed by an enzyme preparation of Penicillium
chrysogenum sp.23 with a- galactosidase activity - 2U.

The obtained results show that the partially
purified enzyme sample from Penicillium
chrysogenum sp.23 should be particularly
beneficial in the processing of soy crops for food
purposes because of action of the two enzymes.
This makes «o-galactosidase of Penicillium
chrysogenum sp.23 very promising for application
in the food industry, since this enzyme has a much
higher activity compared to the a-galactosidases
produced by other strains.
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Fig. 6. Effect of pH on o-galactosidase activity and
stability.
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Fig. 7. Effect of the temperature on a-galactosidase
activity and stability

It was established that the enzyme has a pH
optimum 4.5-5.0, and pH stability extends over a
wide range of 4.5-6 (fig.6).

The temperature optimum of o-galactosidase
was 50°C, and the enzyme is stable from 25 to
40°C, at 45°C the activity falls to 80%, at 50°C
falls to 72% and at 60°C the activity is completely
lost (fig.7).

Most a-galactosidases are stable over a broad
range of activity. For example the a-galactosidase
from Penicillium sp. F63 CGMCC1669 has an
optimum pH of 5.0 and an optimum temperature of
45 degrees C. The enzyme is stable between pH 5.0
and 6.0 below 40°C [14].

CONCLUSION

In this paper was proven that the fungus strain

Penicillium chrysogenum sp.23 produces both
enzymes o-galactosidase and invertase. By gel-
filtation chromatography was partially purified a
crude extract of the enzyme sample obtained from
Penicillium chrysogenum sp.23. The purification
was  achieved of  a-galactosidase  from
accompanying substances by ion exchange
chromatography, but does not achieve separation of
the invertase and a-galactosidase from each other.
This requires the research of more efficient
methods for the separation of the two enzymes.
The ability of fungus strain of Penicillium
chrysogenum sp.23 to produce both a-galactosidase
and invertase makes it especially attractive for
industrial applications. Due to the synergism of
action of the two enzymes it is expected fast
hydrolysis of oligosaccharides in soy foods and
legumes releasing digestible monosaccharides and
removing discomfort of flatulence.
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AJIOA-TAJTAKTO3UIA3A OT PENICILLIUM CHRYSOGENUM SP.23: IIPEUMICTBAHE,
XAPAKTEPUCTHUKU U XUIPOJIN3A HA PAOMHO3A B I[TPUCBCTBHUETO HA
NHBEPTA3A

b. K. SIkumosga, b. I1. YHopGanos, U. b. Crolinesa

Jab. Xumus u 6uogusuxa na benmvyu u enzumu, Uncmumym no Opeanuuna Xumus ¢ Llenmop no @umoxumus,
bvneapcka Akademus na Haykume, yn. Akad.I’ bonues, 61.9, 1113, Cogus, Bvreapus

Ioctenuna Ha 30 centemBpy, 2016 r.; Kopurupana na 3 ¢pespyapu, 2017 r.

(Pesrome)

B ToBa m3cnenpane ycraHoBuxme, ue mambT Penicillium Chrysogenum sp.23 moske ma mpomyipa eJHOBPEMEHHO
0-raaKTO3M/1a3a M MHBEPTA3a ¢ MaKCMMAaJHa eH3uMHa akTusHOCT (4000 U.1™) koraro ce u3mon3Ba eKCTPaKT OT COEBO
OpamHo, chabpkamy 5% cyxo BemecTBo kato cpema. OmperneneHu ca ontuManaute mnapamerpu pH 4,5-5,0 m
temreparypa 50°C Ha o-ranakro3uzaasara (pakius 4pe3 M3IoN3BaHe Ha p-HUTpo(eHWI-a-D-ramakronupaHo3ua karo
cybcTpar. XuaponausaTta Ha paHO3a KaTalu3upaHa OT 0-TajlakTo3H/a3a, ChI'bTCTBaHa OT MHBEPTA3a € perucTpupaHa ¢
BHUCOKOC()EKTUBHA TEYHA XpOMaTorpadus.

YcraHOBEHO €, Ue B IPUCHCTBUE HA MHBEpTa3a ce Halonasa mpeoodpa3yBaHe Ha paduHO3aTa IaBHO 10 MeINOHo03a
n ¢pykroza. EH3nmMHaTa xuaponuza Ha paMHO3HUTE OJUI03aXaphau, KOATO C€ OCBIIECTBSBA OT O-TaJaKTO3WAa3a
W/WIM MHBEPTa3a B COCBUTE CEMEHA U3II0JI3BaHM B XpaHaTa Ha YOBEKa U )KUBOTHUTE BOJH JI0 MOA0OOPsSBaHE HA HEHHHTE
XPaHUTEIHA CBOWCTBA M 3HAUMTEIHO HaMalsiBa WJIM OTCTpaHsBa cToMmammHus auckoMdopt. [Tomyuenute pesynraTu
MOKa3BaT, e YaCTHYHO MPEUYNCTEH eH3uMeH mnpenapar ot Penicillium chrysogenum sp.23 6u 6um MHOTO MoOsE3eH mpu
npepaboTKaTa Ha COeBH KYJATYPH 3a XPAHUTENHH ILIEJIH, ThH KaTo Ce pealu3upa CHHEPrH3bM B JICHCTBHETO HA JBara
€H3HUMa.
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