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Fructans are a group of fructose polymers, synthesized by plants and microorganisms. Plant fructans
(inulin and flein) have a relatively low degree of polymerization (to 40), and bacterial (levan) — large (up to
1.000.000). Microscopic fungi, yeast and a lot of bacteria, in particular the representatives of the rumen mi-
croflora, are capable of producing inulinase, which breaks down a variety of fructane, and levanase, which
hydrolyzes the main chain of levan.

We determined the levanase activity of extracellular bacteria extract of rumen in rams which were fed
with natural fructan and sorbent of clinoptilolite during twenty one days. Kinetic analysis of the inulinase fructan
hydrolysis reaction and levanase was performed in a standard incubation environment modified by the physical-
chemical parameters (temperature, pH) and substrates content. We determined the Michaelis constant for the
substrate saturation conditions (inulin and levan) and a maximum reaction speed of hydrolysis by the method of
Lainuiver-Berk. Temperature (37 °C) and pH optimum (4—6) inulinase and levanase activity was defined.

We have found out that with the increasing concentration of inulin and levan from 0.1 to 0.4—0.5 mM the
enzymatic activities of fructanhydrolase monotonously increased to their maximum values and thereafter they were
maintained at a constant level. It was found that inulin was metabolized with inulinase at greater speed compared
to levan under conditions of saturation with the substrate. Levanase hydrolyzed levan but was inactive concerning
inulin. In the presence of clinoptilolite the affinity of both hydrolasesdue to the substrates was increased.

Keywords: FRUCTANS, INULIN, LEVAN, CLINOPTILOLITE, RUMEN MICROBIAL ME-
TABOLISM
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Dpykmaru € 2pynoro notimepis GpyKmosu, sSiIKi CUHmMe3yombCst POCIUHAMU T MiKpoopeanizmamu. Ppyxma-
HU pOCAUH (MK § ¢hein) maromsb 6IOHOCHO HU3bKULL CMYyniHbL notimepusayii (0o 40), a 6akmepianvhi (n1esan) —
sucokutl (0o 1000000). Mixpockoniuni 2pubu, Opiscoxci i deski baxmepil, 30Kpema nPeoCmAasHUKU MiKpogopu
PYoyst, 30amui eupoOIsIMU IHYIIHA3U, WO PYUHYIOMb PISHOMAHIMHI PYKMAHU, ma 1e8aHasu, siKi 2iopoizyioms
OCHOBHUIL TAHYIOZ TIE6AHY.

Ilposedeno eusHaueHHs AaKMUBHOCMI THYITHA3U MA J1e8aHA3U Y OE3KTIMUHHOMY eKCmpakmi baxmepiil
PYoyst bapanis, sSKuM Ynpoooeic 08a0ysimu 0OHIEL 000U 320008Y6aU NPUPOOHI PYKManu ma copoerm KiiHOn-
munonim. Bukonano Kinemuunuil ananiz peaxyii 2I0ponizy (hpykmanie iHy1iHAa3010 ma 1e6ana300, Wo nposooulu
Y CMAaHOapmHOMy cepedo8uuyi IHKYOY8aHHs, siKe MOOUPIKY8anU 3a (i3uKo-XiMIUHUMU nRapamempamu (memvne-
pamypa, pH) ma emicmom cybcmpamis. Buznauanu xoncmanmy Mixaenica 3a ymos HacuyenHs cyocmpamom
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(iHyIiHOM Ma 1e8AHOM) MA MAKCUMATLHY WEUOKICIb peakyil 2ioponizy memodom Jlatinyisepa-bepka. byno su-
snauero memnepamypruii (37 °C) ma pH-onmumym (4—6) axmusnocmi inyninazu ma 1e8aHa3u.

Bcmanosneno, wo 3i 30inbutenuam konyenmpayii sik iHyniny, max i neeary 6io 0,1 0o 0,4—0,5 mM 6io-
0Y8a10Cs MOHOMOHHE HAPOCMANHHS eH3UMAMUYHUX PPYKMAHSIOPONIAZHUX AKIMUEHOCHEN 00 iX MAKCUMATbHUX
3HAUEeHb, NIC/sL Y020 BOHU NIOMPUMYBATUCS HA HE3MIHHOMY pisHi. Byno suseneno, wo inynin Mmemabonizyeascs
iHYIIHA3010 3 OLILWLOIO WEUOKICTNIO, NOPIGHAHO 3 IE6AHOM, 3d YMO8 HACUuYeHHs cyocmpamom. Jlesanaza 2iopo-
N3Y8ana neeau, npome 0yia HeAKMUEHOI U000 HYLIHY. 3a HAAGHOCMI KITHONMULOAIMY CNOPIOHEHICMb 000X
2ioponas 0o cybcmpamis niosuwysaiacs.

Kmrouosi ciroBa: ®PYKTAHU, IHVJIIH, JIEBAH, KJITHOIITWUJIOJIT, PYBLIEBUII MIKPOB-
HU METABOJII3M
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DpyKkmaHbsl AGIAOMCSL 2PYNNOL NOTUMEPOB (DPYKIMO3bl, KOMOPble CUHMESUPYIOTNCS PACMEHUAMU U MUKDO-
opaaruzmamu. pykmansl pacmenull (UHYIUH U (iieut) UMerom OMHOCUMENbHO HUKYIO CIeneHb NOIUMepU3ayun
(00 40), a baxkmepuanvivie (usan) — svicokyio (0o 1000000). Muxpockonuueckue epubdvl, OpoHCIHCU U HEKOMOPbLE
bakmepuu, 8 Mom Yucie npedcmasumeni MUKpoghiopol pyoya, cnocooHvl npou3800ums UHYIUHA3bL, PA3PYULAIO-
wue paznuyHvle QPyKmMansl, U 1e8aHaA3bl, KOMopble 2UOPOIUSUPYIOM OCHOBHYIO YeNb IeBaHd.

Ilpogedeno onpedenenue akmuHOCMU UHYIUHA3LL U 1€BAHA3bL 8 OECKIEMOYHOM IKCpaKkme baxme-
puil pyoya 6apanos, Komopvim 6 meuenue 08a0yamu Cymox CKaApMIusaiu npupoousie pykmarnsl u copboeHm
KAUHONMULOAUM. BbinoiHen KuHemuyecKuli anaiu3 peakyuu 2uoponuza GpyKmana uHyIuHa3ou u 1e6anasou,
nposedenHvle 8 CMAHOAPMHOU cpede UHKYOayuu, KOMopyo Mooupuyuposanu no Guuko-xumuyeckum napa-
mempam (memnepamypa, pH) u codepocanuio cyocmpamos. Onpedensinu koncmaumy Muxasnuca 8 yciosusix
HacvluyeHus cyocmpamom (UHYIUHOM U J1e8AHOM) U MAKCUMATbHYIO CKOPOCMb PeaKyu 2UOPOIU3a Memooom
Jlaiinyusepa-bepka. bvino onpedeneno memnepamypusiii (37° C) u pH-onmumym (4—6) axmusnocmu uHynu-
Ha3bl U 1e8aHA3bL.

Yemanoeneno, umo ¢ ysenuuenuem konyenmpayuu kax unynuna, max u reeara om 0,1 0o 0,4—0,5 mmons
NnPOUCXOOUNIO MOHOMOHHOE Hapacmanue hepuenmamusHuix QpyKmaneuOpoIasHblx AKIMUEHOCHEN 00 UX MAKCU-
MAbHbIX 3HAYEHUN, NOCTle 4e20 OHU NOO0EPHCUBAIUCL HA HEUSMEHHOM YposHe. bbiio obHapysceno, umo uHyauH
Memaboau3uposanca UHYIUHA30U ¢ OONbULEli CKOPOCIbIO NO CPABHEHUIO C IeBAHOM 8 YCII08USAX HACLIUeHUs CYD-
cmpamom. Jlesanasa sudponusuposana 1usaw, 00HAKO, Oblia HeakMueHoU K uHyauHy. Ilpu Hanuuuy KiuHonmu-
JOUMA poocmao 06oux 2uodpoias Kk cyocmpamam nosbliaioCs.

Kmouessie ciosa: ®PYKTAHBI, UHVYJIMH, JIEBAH, KJIMHOITUJIOINT, PYBLIEBOM
MUKPOBHBI METABOJIM3M

Fructans are a group of fructose polymers [2—4]. Microscopic fungi, yeast and a lot of bacte-
containing one of two fructosile-fructose and are ria, in particular those that are the representatives
synthesized by plants and microorganisms [1]. of the rumen microflora, are capable of producing
Plant fructans (inulin and flein of B (1—2) — con- inulinase (2,1-B-fructozane in fructanhydrolase),
nections) have a relatively low degree of po- which breaks down a variety of fructane and leva-
lymerization (to 40), and bacterial (levan of nase (2,6-B-D fructane fructanhydrolase), which
3 (2—6)— connections) — large (up to 1.000.000) hydrolyzes the main chain of levan. To assimilate
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mentioned fructans of ruminants body, first are
split by microbial biomass, later they can be ab-
sorbed in the digestive tract.

Enzymes that hydrolyze different fructans
belong to B-fructofuranosidase. Many of them are
able to split more than one substrate. Fructans hy-
drolases were proposed to classify into three types,
including patterns of their action: levanhydrolases
(levanases), inulinhydrolases (inulinase), hydro-
lases of other fructans. It is known that fructose
and glucose are the products of hydrolysis reac-
tions [5]. In the literature there are many data due
to the properties of rumen bacteria fructanhydro-
lases, but still their activity and kinetic parameters
for clinoptilolite influence that determined the pur-
pose of our work have not been investigated.

Materials and methods

The research was carried out on cell-free
extracts of rumen bacteria of rams which over
twenty-one days were fed with natural fructane
and sorbent clinoptilolite. Manipulation of animals
were carried out in compliance with “European
Convention for the Protection of Vertebrate Ani-
mals, which are used for experimental and other
scientific purposes” (Strasbourg, 1986), the Deci-
sions of the first National Congress on Bioethics
(Kyiv, 2001) and the Law of Ukraine “On protec-
tion of animals from maltreatment” (Kyiv, 2006).

To obtain mixed microbial populations
freshly taken from cicatricial rams fluid was fil-
tered through a nylon fabric to remove large rem-
nants of feed, added twin-80 to a final concentra-
tion of 0.2 %.This surface-active agent was used
to release microorganisms that are closely con-
nected with the feed particles. In such condition
rumen contents were kept at room temperature for
one hour. Sedimentary fraction containing bacte-
ria was obtained from rumen fluid by the method
of differential centrifugation by the method which
has been described [6].

Mixed population bacteria were collected
by centrifugation at 6000 rpm for 30 min (4 °C),
then they were washed twice with 20 mM K-Na-
phosphate buffer (pH 7.5). The concentration of
cells was adjusted to 1 mg/ml and frozen. They
were added to a suspension of the third volume of
glass sand and carried out the destruction of celis

in the ice using a planetary vibrator K-23 (FRG)
for 1,000 rpm for 6 minutes. Cells remains were
precipitated by centrifugation at 18,000 rpm for
30 minutes in the ice [7].

The unit of inulinase activity had the
amount of enzyme, that catalyzes the formation
of 1 mM of fructose from inulin for 1 minute in
standard conditions (t = 50° C, pH 4.6) [8, 9]. Ki-
netic analysis of fructane hydrolysis reaction by
inulinase was performed in a standard incubation
environment, which was modified by the physical-
chemical parameters (temperature, pH) and sub-
strates content. The Michaelis constant (K ) was
defined under substrate saturation (inulin and le-
van) and a maximum speed of hydrolysis (V_ )
by the method of Laynuyivera-Berk. The equa-
tion of a linear function that best approximates the
experimental data, The equation of a linear func-
tion that best approximates the experimental data,
were calculated using the least squares method
[10, 11]. The activity of levanase was determined
in a standard environment, which contained 0.5 ml
of 0.2 % of levan in 20 mM of phosphate buffer
(pH 6.0) and 0.5 ml, respectively dilute solution
of rumen extract. To determine a possible inu-
lin metabolism, levan was replaced on inulin in
a standard environment. The reaction mixture was
incubated at 37 °C for 60 min, after which was
boiling in water bath for 3 minutes.

The total content of reducing sugars re-
leased after incubation was measured by the meth-
od [12]. The kinetic analysis of the hydrolysis
reaction of levan by levanase was conducted by
a similar scheme to inulinase, but in experiments
with sorbent only levan was used. The coefficient
of Student was calculated to evaluate the probable
difference between the statistical characteristics
of alternative information of data. Plausible dif-
ference in terms of probability P<0.05-0.001 [13]
was considered.

Results and discussion

It was found that on the second day of the
experiment inulinase activity is increased in 5 times
in conditions of inulin action, compared with the
control group (fig. 1A). This activity has increased
by 17 % for fourteen days, and after the cessation
of inulin feeding dropped sharply to almost control
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values. Under the influence of sorbent the inulin-
ase activity increased at 18-30 % during the whole
period of feeding. It is known that this enzyme is
also able to hydrolyze raffinose, sucrose and le-
van [12-15]. The activity of inulinase under the
conditions of levan feeding on the second day was
twice greater, compared to control and increased
on the 7%, 17" 215 days. An enzyme activity was

A ok x%% ] Control
ko [ Sorbent

= 51 sk ko [ Inulin
g o )
5 [ Inulin
=47 Btk + sorbent
£ Rk
5o
o
7]
£ 21
2 s

14

0

1 2 3 4 5

The duration of the experiment

increased by 10-31 % in the presence of sorbent in
feed (fig. 1B). It is obvious that because of the large
size of the levan molecule, its hydrolysis was less
intense compared to inulin.

The kinetic analysis of insulin splitting
and levan by inulinase on animals with rumen
bacteria on the 14™ day of fructans feeding and
their mixtures with clinoptilolites sorbent was
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Fig. 1. Inulinase activity of the rumen of animals during feeding with inulin (A), levan (B) and sorbent
during two (1); seven (2); fourteen (3); twenty-one days (4); and also ten days after the cessation of feeding (5)
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Fig. 3. Effect of pH on inulinase activity of rumen bacteria by metabolism of inulin (A), levan (B) and sorbent
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completed. Temperature optimum of enzyme ac-
tivity was established. In particular, the peak of
inulinase activity was observed at a temperature
of 37 °C in the control and experimental groups
of animals. The presence of sorbent in feed
stipulated the increased activity of the enzyme.
With further increasing of temperature the activ-
ity was decreased, but it was registered even at
70 °C, indicating a significant thermal stability
of investigational enzyme (fig. 2A, B).

The effect of pH on incubation medium
on inulinase activity of rumen bacteria was deter-
mined. A typical dome-shaped dependence with
an optimum value of 5, but under the influence
of inulin and its mixture with sorbent of highly
activity was also noted in 4 (fig. 3A, B). These
data are consistent with the results of searches
in vitro, which shows that in the fermentation of
this fructan pH medium was decreased to 4.

The kinetic analysis of the cleavage re-
action of fructans was performed depending on

their concentration in the incubation medium on
the next stage. We found out that increasing con-
centration as inulin and levan from 0.1 to 0.4 mm
monotonous increase of enzymatic inulinase ac-
tivity to its maximum value was occurred, after
which the activity was maintained at a constant
level (plateau on the graph). The presence of sor-
bent in feed does not affect on the saturation of
enzyme by the substrate (fig. 4A, B).

To elucidate the possible changes mecha-
nism of the inulin activity under conditions of levan
metabolism, inulin and their mixture of sorbent it
was calculated some kinetic parameters of the re-
action by the effect of different concentrations of
the substrate, such as maximum speed (V__ ) and
Michaelis constant (K ). Their determination was
done as a result of receiving linear function (lin-
earization) data in coordinates Laynuyiver-Berke
(fig. 5A, B). So, V__ under the conditions of le-
van splitting increased by 4 times compared with
the control, and the inulin —17 times (table 1).
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Fig. 6. Levanase activity of rumen bacteria when feeding with levan (A), inulin (B) and sorbent for two (1); seven (2);
fourteen (3); twenty-one days (4); and also ten days after the cessation of feeding (5)
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The presence of sorbent leads to a significant in- rapidly than levan if the enzyme is completely
crease in this parameter compared to control, and saturated with substrate.
its mixture of fructan, on the contrary — to de- Michaelis constant defines the affinity of
crease, compared with the environment only with the enzyme to the substrate, and in the inverse de-
fructan. That is the inulin cleavage occurs more pendence [16, 17]. K  value was increased by le-
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Table 1
The results of kinetic analysis of fructans cleavage
— Levan + . Inulin +
Kinetic parameters Control Sorbent Levan Sorbent Inulin Sorbent
V_ (mcmol fructose / min X mg™! protein) 0.88 1.00 3.58%** 2.53%#% | 15 17***% | 11.16%**
K _(mmol/l) 0.17 0.25 0.20 0.17 0.13 0.09*
Table 2
The results of kinetic analysis of levan cleavage
Kinetic parameters Control Sorbent Levan Levan + Sorbent
V__ (mcmol fructose/min x mg™' protein) 1.22 0.93 5.79%** 13.44%+*
K (mmol/l) 2.19 0.92%* 0.67*** 0.59%***

van metabolism by 13 % and decreased by inulin
metabolism — 24 %, compared with the control.
This information confirms that the investigational
enzyme has a higher affinity for inulin compared
with levan (table 1).

It was studied the activity of levanase
in extracellular extract of animal rumen, which
within twenty-one days natural fruit and clinopti-
lolite were added to the feed, and also in ten days
after the cessation of feeding. We observed the in-
creased activity of search enzyme in 4-8 times,
compared with the control, while feeding the ani-
mals with levan, within 21 days. Through ten days
after the cessation of feeding the activity was de-
creased and was twice more than the control val-
ue. In the presence of sorbent in the feed, levanase
activity was increasing throughout the period of
feeding by 12—-18 %, compared to animals that did
not consume (fig. 6). We determined levanaze ac-
tivity in rumen fluid of animals to which as a part
of the basic diet was added inulin and its mixture
with clinoptilolite. Still, the enzyme activity did
not differ from controls (fig. 6B). This confirms
the assumption that levanaze is not able to hydro-
lyze inulin.

Kinetic analysis was done and kinetic pa-
rameters were calculated (V__and K ) hydrolysis
reaction of levan by levanase bacteria of rumen.
Optimum enzyme temperature was 30—40 °C,
but the activity remained at 70 °C (fig. 7A). The
enzyme did not lose the activity at different pH
values — from 3 to 9, but most noted for 5-6
(fig. 7B). Clinoptilolite did not show significant
effect on the levanase activity for the investigat-
ed conditions.

The saturation of the enzyme substrate
was occurred in the presence of 0.5 mM of levan

in the medium and was not changed under the
influence of sorbent (fig. 8A).

This value was increasing by the levan
cleavage into 5 times compared to the control.
However, K value was decreased by levan me-
tabolism to 69 % compared to control, which in-
dicates the increase affinity of the enzyme to the
substrate. In the presence of sorbent the affinity
is also increased (table 2).

Conclusions

So, as a result of inulin and levan feeding
to ram during 21 days it takes place their plitting
with inulinase and levanase of proventriculus
bacteria. It was defined the temperature and pH
optimum activity of these enzymes. Inulin is me-
tabolized by inulinase at a higher rate compared
to levan, under conditions of saturation with the
substrate. Levanase hydrolyzes levan, but is in-
active due to inulin. The saturation of enzyme
substrate does not depend on the nature fruc-
tane. However the affinity of inulinase to inulin
is higher compared to the levan. In the presence
of clinoptilolite the affinity to both hydrolase to
substrates is increasing.

Perspective for further research. It is
planned to study metabolic processes of fructanes
on the processes of oxidative stress in the organ-
isms of farm animals.
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