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This paper presents the results of research of biochemical and physicochemical properties
of extracellular inulinase synthesized by the new citric acid producer Aspergillus niger-1 (12000).
A method for the isolation of extracellular homogeneous inulinase from the culture broth has been
developed. It was revealed that this exoinulinase, possessing at the same time invertase activity
(1/S=1.14), showed inulolytic activity and stability in a wide range of pH (3.0-7.0) and temperature
(20-50 °C). The metal ions MnCl,, NaCl, MgSQ,, CoCl, partially increase, and FeCl;, ZnSO,,
AgNO; suppress or completely inhibit the catalytic activity of exoinulinase. The molecular weight
is 63 kDa which is typical for inulinases produced by the strains belonging to the genus Asprgillus.
Fructose and glucose, which are the end products of enzymatic hydrolysis of inulin, indicate the
exo-type action of the studied exoinulinase, as well as the possibility of its application in
biotechnology for the production of various products from inulin. The revealed properties of this
exoinulinase are also important for the optimization of the processes of citric acid synthesis by
Aspergillus niger-1 from inulin under varying conditions of the fermentation.

Exoinulinase - inulin - invertase - citric acid

Uniju wphuwnwlpnid UenpYuwjwgywé Bu yhinpnuwpryh Unp wnpunwnphs Aspergillus niger-1-h
wnuwpgewihu  hunihbwqwih  Yeuuwehdhwywu W $hghywehdhwywl  hwwnynteinilubnh
hGwnwagnunnigynillGph wpnyniuplGpp: Upwydtp £ Jhowdwiphg  wnpunwpgowihu  Jhwwnwpp
hunLihuwquih Jeyniuwgdwl Gnwlwy: Mwnpgqdb) £, np Updwé Eygnhunchuwap, npp vhwdwdwuwy
huyGpuwqwihu - wywinhyniejntt niuh (I / S=1.14), gnigwptbpnd B hunihup  wwppwineénn
wywnhynieinit n - Yuyniuncegnit pH 3.0-7.0 W gbpdwunhwlh 20-50°C wwjuwluGpnid: WpJwé
gnigwuhpubph pwpapwgnudp uwd Ujwgbgnidp dupnud £ dEpdBuinh gnpéniubnie)niup: Snyg E
wnnybl, np MnCL,, NaCl, MgSO,, CoCL, JGwnwnutph hnuutpp Jwuwdp fupwuncd Gu, huy FeCLs,
ZnS0O,, AgNO3-p tupnid Ywd wdpnnonyht wpgbiuynid Bu $EpdGUnh juwnwihinhy wywnhyniniup:
UniGynipwht quitigywép' 63K1a, hwdwhnig £ Asprgillus inGuwyhu  wwwnlwlnn  pwwdubph
punLipuwqubph  wnuiuephu:  dpntynngp W gynuyngp’ npwtu pungphup - $EpUBULWIHU
nwnpwintddwl Gpguwlwl wnpgwuhputn, yywynid BU Upw wgnbgnipjwl  EygninGuwyh, huswGu
Uwl  hunthuhg  wwppBn  wpnnniyunuGph unwgdwl — YEuuwwnBhulninghwubpnd - Yhpwndw
huwpwynpniejnilubph dwupl: Lpqwé tygnhuniihtwgh pwgwhwjindwd hwinyniejnilubpp Ywnlenp
GU Uwl Aspergillus niger-1 UYhpwndwdp huniihuhg Uhwnpnuwperedh uhlUpebgh gnpépUrwgltnh
owwnhdwwguwu hwdwn $epdtunwghwih dhpwyw)nh thnthnfuynn wwjdwuubnned:

EYygnhuniplwq — puncipl — huyGpunwg — Yhunpnwysent
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B Hacrosimieit paboTe mpencTaBieHbl Pe3yJbTaThl HUCCICHOBAHHN OHOXUMHYECKHX H
(HU3UKO-XUMHUYECKHX CBOWCTB BHEKJICTOYHOW MHYJIHMHA3bl, CHHTE3HPYEMOH HOBBIM MPOAYLICHTOM
nuMoHHo# kucnoTel Aspergillus niger-1. PaspaGotan croco0 BblIeJCHHS BHEKICTOYHOH T'OMO-
TeHHOM MHYJIMHA3bl W3 Cpeibl KyJIbTUBMPOBaHUS Ipuba. BbIABICHO, YTO YKa3aHHas 3K30-
WHYyJHHA3a, 00Naaromas 0JHOBPEMEHHO HHBepTa3Hoi akTuBHOCTHIO (I/S=1.14), mposBiseT uny-
JIOMMUTUYECKYI0 AaKTHBHOCTh W YCTOWYMBOCTH B IHMpokoM pguanozone pH 3.0-7.0 u mpu
temneparype 20-50°C. TIOBBIICHHE WIH TNOHMKCHHE YKA3AHHBIX MMAPAMETPOB IMONABIAIOT
aKTUBHOCTb (pepMenTa. [lokasano, uto nons! meraios MnCL, NaCL, MgSO, CoCL, gactiuuno
nosbimaot, a FeCL; ZnSO4, AGNO; nonaBisoT WK HOJHOCTBIO HHIHOUPYIOT KaTaTUTHIECKYTO
aKTUBHOCTb. MonekyispHas Macca 63KJla xapakrepHa i HHYJIMHA3 IPOXYLHPYEMBIMU
mwrammaMel poza Asprgillus. ®pykroza u THOK03a, SBISIOMIMECS KOHEYHBIMH IPOJYKTaMU
(epMEHTATUBHOTO THIAPOJIN3a WHYJIWHA, CBHUJICTEIBCTBYIOT 00 3K30- THIIC JCHCTBHS H3ydaeMOW
9K30MHYJIMHA3bl, @ TAKXKE O BO3MOXXHOCTH €€ NPHMEHEHHs B OHMOTEXHOJOTHU IS IOIYyYCHHs
Pa3IMYHBIX NPOAYKTOB M3 UHYJMHA. BBIBICHHBIC CBOICTBA YKa3aHHOH K30MHYJIMHA3bl BAKHBI
TaKKe YIS ONTUMH3AMH TPOIIECCOB CHHTE3a JIMMOHHON KUCIoThl mrammoM Aspergillus niger-1
[PH MEHSOIUXCSI YCIOBUAX Cpe/ibl (hepMEHTAIMH.

3K30tuﬂuHa3ll — UHYJIUH — UHBEpmMA3 — JUMOHHASL Kucioma

Inulinases are biocatalysts of great practical importance and are classified
according to the type of their action on inulin: endo-inulinases (B-D-fructan-
fructanohydrolase, EC3.2.1.7) and exo-inulinases (B-D-fructopyranoside fructose
hydrolase, EC3.2.1.8) - splitting inulin with the formation of inulo-oligosaccharides and
fructose, glucose, respectively. Inulinase producers are mainly fungi, yeast and bacteria.
Comprehensive research of inulinases produced by microorganisms belonging to various
systematic groups of microorganisms was carried out. It was found that there were
significant differences in the physicochemical and biochemical properties of inulinases
synthesized by various strains of microorganisms, including the strains belonging to the
same genus [1-14]. The production of biofuels, fructose-glucose syrup, fructose,
inulooligofructans, cycloinulofructans and other products from inulin (polyfructan),
widely distributed in plants belonging to the families liliacea, Compositae,
Amaryllidace, Asteraceae, was carried out by microorganisms having inulinase activity.
[1-2, 13-18]. However, currently there is no microbiological technology for the direct
bioconversion of inulin by the same strain into citric acid, which is widely used in the
food, chemical and pharmaceutical industries. It should be noted that the main raw
material of industrial production of citric acid is molasses.

Previously, we have isolated a new original strain Aspergillus niger-1 (#12000)
performing one-step bioconversion of inulin into citric acid [19, 20]. To optimize the
processes and develop an efficient biotechnology for the bioconversion of inulin into
citric acid, it is necessary to reveal the biochemical, physicochemical features of
Aspergillus niger-1 exoinulinase, which is the main goal of this research.

Materials and methods. Microorganism: The producer of exoinulinase and citric acid
Aspergillus niger-1 (# 12000) was isolated by the screening of the strains of genus Aspergillius
isolated from the rhizosphere of Jerusalem artichoke and stored in the collection of
microorganisms in the Microbial Depository Center of the SPC “Armbiotechnology” of NAS of
Armenia [19, 20].

Enzyme Assay

Isolation of exoinulinase: To isolate extracellular inulinase, the strain of Aspergillus
niger-1 was cultivated in a 3-liter bioreactor in Czapek’s medium: (g/L) NaNO3-2.0, KH,PO,-1.0,
MgS0,.7H,0-0.5, FeS0O,.7H,0-0.001, KCI - 0.5 and inulin - 15 as the only source of carbon,
pH 6.0 at a temperature of 30 °C, aeration 0.8 I/min. for 4-5 days. The enzyme was isolated from
the culture broth by the method developed by us (research results).
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The homogeneity of the enzyme was determined by disk electrophoresis in
polyacrylamide gel [21].

Molecular weight of extracellular inulinase was determined by gel filtration on a
Sephadex G200 column (1.5x55 cm).

Determination of inulolytic and invertase activity of extracellular inulinase: Inulolytic
activity was measured by the amount of fructose formed as a result of inulin hydrolysis by
exoinulinase. The incubation medium contained 1 ml of an inulinase solution, 2 ml of a 3% inulin
solution in 0.1 M acetate buffer, pH was 5.5. The mixture was incubated at 50°C for 30 min. The
reaction was stopped by heating the incubation medium at 100°C for 5 min. The amount of
resulted fructose was determined by the Somogy method [22]. One unit of enzyme activity was
defined as the amount of enzyme which produced 1 pmol of fructose for 1 min.

The invertase activity was determined under the indicated conditions using 2 ml of a 3%
sucrose solution as a substrate.

Determination of the optimal temperature of enzyme activity: The incubation medium
containing 1 ml of exoinulinase solution and 2 ml of 3% inulin in 0.1 M acetate buffer, pH - 5.0
was incubated at different temperatures (20-70 °C) for 30 minutes. Then after heating the mixture
at 100°C for 5 min. the enzyme activity was measured by the amount of reducing sugars in the
inulin hydrolyzate [21].

Determination of thermostability of exoinulinase: One ml of enzyme solution was
preincubated at different temperatures (20-70°C) for 30 min. Then 2 ml of a 3% inulin solution
was added to the cooled solutions. After incubation at 50°C for 30 min. and heating at 100°C for 5
minutes, the residual enzyme activity was determined.

Determination of the effect of pH on exoinulinase activity: Enzyme solutions containing
3% inulin were incubated at different pH values (3.0-7.0.0) for 30 min at 50°C. The reaction was
stopped by heating the tubes at 100°C for 5 min, and the enzyme activity was measured.

Determination of pH stability of exoinulinase: Enzyme solutions in acetate buffer at
different pH values (3.0-7.0) were preincubated for 30 min. at 50°C. Then the exoinulinase
activity was measured after adding inulin (3%) and incubating at 50°C for 30 min.

Determination of the products of enzymatic hydrolysis of inulin: The hydrolyzate content
was analyzed by high performance liquid chromatography (HPLC) on a Shimadzu 2010 C
analyzer, Ultkon PS-80-H column, 2x250 mm, mobile phase 0.1 mM acetate buffer/acetonitrile
1:5, pH - 5.8, rate flow - Iml/min. The measurements were carried out according to the
refractometric index (RI).

Determination of the effect of metal ions on the activity of enzyme: Enzyme solutions in
0.1M acetate buffer, pH - 5.5 with various metal ions (10M) were preincubated at 30 °C for 60
min. Then after adding inulin (3%) to the solutions and incubating the mixtures at 50°C for 30
min. the activity of inulinase was measured.

Results and Discussion.

Properties of A. niger-1 Exoinulinase

The research carried out has shown that A. niger-1 during its growth in Czapek’s
medium, containing inulin as the only carbon source, bioconverts inulin into citric acid
due to extracellular inulinase hydrolyzing inulin to simple sugars: fructose and glucose
[19, 20]. To optimize the processes of hydrolysis of inulin and the formation of citric
acid during the growth of A.niger -1, the studies of the biochemical and physicochemical
properties of extracellular inulinase were carried out. The enzyme was isolated through
the method developed by us. The culture was grown in a bioreactor in Czapek’s medium
containing inulin at 30 °C and aeration (0.8 L / min.) for 4 days. The biomass of the
fungi was separated by the culture broth filtration with paper pulp. Then the filtrate was
centrifuged (10000g/10min.) and decolorized with activated carbon. To concentrate
proteins, including inulinase, the solution was passed through a column of DEAE-
cellulose-52 (4x6cm), equilibrated with 0.1 M acetate buffer, at pH 5.5, followed re-
adsorption by the 1M NaCl solution. The eluate was desalted by dialysis against
distilled water. Further, partially purified exoinulinase was obtained by chromatography
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on a DEAE-ToyoPerl 650 M (2x20 cm) column equilibrated with 0.1 M acetate buffer,
pH - 5.5 (fig. 1).
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Fig. 1. Isolation of inulinase by chromatography on the DEAE-ToyoPerl 650 M column (3x8cm)
equilibrated with 0.1 M acetate buffer, pH - 5.5 The linear gradient elution implemented with 0.7 NaCl
solution, flow rate - 0.7ml/min. -e- enzyme activity, -- protein, - NaCl, -m- Invertase activity

Fractions with inulinase activity (7-13) were combined, desalted by dialysis against
distilled water and concentrated under the vacuum (at 30°C up to 15-20 ml). Then to obtain
homogeneous exoinulinase, the gel chromatography on a Sephadex-G100 column (2x50
cm), equilibrated with 0.1 M acetate buffer, pH - 5.5 was carried out (fig. 2).
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Fig. 2. Gel filtration on Sephadex-G100 column (2x50cm) equilibrated with 0.1 M acetate buffer,
pH - 5.5, flow rate - 0.5 ml/min. -s- enzyme activity, -- protein

Fractions with inulinase activity (10-14) were pooled and by means of
polyacrylamide gel electrophoresis the homogeneity of the isolated exoinulinase was
shown, the enzyme migrated as a single protein band (fig. 3).
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Fig. 3. Disc electrophoresis of extracellular inuliase in polyacrylamide gel

It is well-known that the molecular weight of inulinases of microorganisms varies
within a fairly wide range: 50-300 kDa [1-2, 10-13]. Our studies have shown that the
molecular weight of the isolated exoinulinase is 63 kDa fig. 4).
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Fig. 4. Estimation of molecular weight of extracellular inulinase by gel filtration on Sephadex-G200
column (1.5x55cm). Protein markers: a-cytochrom C (12 kDa), b-trypsin C (24 kDa),
c-ovalbumin C (42 kDa), d-bovine ovalbumin (66 kDa), e-gamma globulin (140 kDa), o-inulinase.
The void volume of the column was determined with blue dextran

Previous studies have shown that exoinulinases synthesized by microorganisms:
fungi, yeast, bacteria, overwhelmingly have also invertase activity [1-2,5,9,10] due to
what the exoinulinases provide complete hydrolysis of inulin with the formation of
fructose and glucose, which are very important in the production of various products
from inulin: ethanol, fructose — glucose syrup, fructose, citric acid and other products.
Studies have revealed that the studying extracellular inulinase also possesses invertase
activity (fig. 1) and as additional evidence only fructose and glucose have been identified
by HPLC in the enzymatic hydrolysate of inulin (fig. 5). The ratio of the catalytic
activity of the enzyme to inulin (I) and sucrose (S) is 1/5=1.14 (fig.1).

The presence of inulinase and invertase activity caused by the subcenter structure
of the active center of exoinulinases, which provides splitting of both p-(2,1) bond
between fructose monomers and a-(1,2) connection, like sucrose [23]. The obtained
results also indicate that extracellular inulinase of A. niger-1 is related to exoinulinases.
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Fig. 5. Chromatography of the enzymatic hydrolysate of inulin (1-fructose, 2-glucose) analyzed by HPLC

The presence of inulinase and invertase activity caused by the subcenter structure
of the active center of exoinulinases, which provides splitting of both B-(2,1) bond
between fructose monomers and a-(1,2) connection, like sucrose [23]. The obtained
results also indicate that extracellular inulinase of A. niger-1 is related to exoinulinases.

Research has shown that isolated exoinulinase exhibits a sufficiently high
catalytic activity already at a temperature of 30-35°C reaching a maximum activity at 45-
50°C and at higher temperatures the enzyme loses activity completely being inactivated
at 70 °C (fig. 6).
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Fig. 6. Influence of temperature on exoinulinase activity (-+-) and thermostability (-m-)

It should be noted that for inulinases produced by different strains of A. niger,
these parameters range from 35-60 °C [2, 10, 11, 13].

Studies of the influence of pH on the inulolytic activity of exoinulinase revealed
that already at pH 3.5, the enzyme showed sufficient activity reaching a maximum at pH
5.5-6.0, and at higher pH 7.5 significant drop of activity was observed. The studied
exoinulinase has also been shown to be resistant to the influence of pH of the incubation
medium up to pH 6.0. A further increase in pH lowers the enzyme stability (fig. 7).
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Fig. 7. Influence of pH on exoinulinase activity (-=-) and pH stability (-m-)

It is well-known that inulinases of different origin, including producers from the
same genus of microorganisms, exhibit different sensitivity to different metal ions [1, 2,
10, 11, 13]. The research has shown that the ions of various divalent metals affect the
catalytic activity of the studied exoinulinase (tab. 1).

Table 1. Effect of metal ions on exoinulinase and invertase activity of A. niger-1

Metal ions* Relative activity (%)
inulinase invertase

Control 100 100
NaCl 110 105
CaCl, 103 90
KCI 100 100
CuSO, 90 95
FeCl, 57 45
ZnS0O, 80 89
MnCl, 120 106
MgSO, 105 100
CoCl, 110 105
AgNO, 0 0

lons of NaCl, MnCl,, CoCl, significantly stimulate and FeCl,, ZnSO, inhibit the
activity of the enzyme. Complete inhibition of activity with AgNO; was as in the case of
other enzymes by the blocking of sulfhydryl groups in the active site of the enzymes.

It should be noted that the study of the effect of various ions on the activity of
cxoinulinase is important not only for the general characteristics of the enzyme, but also
for practical significance in the production of citric acid from inulin-containing raw
materials, since possible presence of metal ions in the extract from Jerusalem artichoke
tubers can affect the efficiency of hydrolysis of inulin and consequently the level of
bioconversion of inulin into citric acid.

The research of the biochemical, physicochemical properties of exoinulinase
produced by A. niger-1 isolated by the method developed by us, has revealed that the
enzyme has a molecular weight of 63 kDa, shows sufficient high inulolitic activity at a
temperature range of around 25-50°C and pH range 3.0-6.0. It has also invertase activity
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and is reasonably stable in the presence of divalent cations. Fructose and glucose, which
are the end products of enzymatic hydrolysis of inulin, indicate not only the exo-nature
of the enzyme action, but also its possible application in biotechnology for the
production of various products from inulin, as well as for the optimization of one-stage
inulin bioconversion into citric acid under varying conditions of inulin fermentation by
A.niger-1, and promote the rational use of the substrate in the fermentation process. The
obtained result complements our knowledge of the distribution and properties of
inulinases expressed by microorganisms.
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