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ABSTRACT

Cereals form an indispensable part of the human diet, and wheat is one of the most mportant agneultoal commedities worldwnde.
Technological qualty of wheat grain 15 determined mamly by the representation of gluten proteins. The aim of this work was to evaluate
the technological quality of winter wheat grain based on genetic markers rested on polymorphism of storage protemns. We analyzed fen
vaneties of winter wheat (Triticum aestivam L), in which we determaned the content of crude protems and fractional composition of
proteins. Then we analyzed the samples by electrophoretic methods using SD5 — PAGE and A — PAGE protocols, which allowed us to
separate storage proteins and subsequently to detect the presence of individual HMW-GS as melecular markers of breadmaking quality
of wheat We calculated Glu-score based on the representation of HMW-GS. Accordng fo SDS — PAGE, the most common
compesition of HMW-GS was formed by alleles 0, 7+9, 5+10, which occurred in 30 % of analyzed vanehes (Matanael Silvanus,
Genoveva). The highest Glu-score (100 was achieved by the vanety Ihas. From fingerpnnting of ghadins in A - PAGE we constructed a
dendrogram of relatedness of mdividual analyzed vanetes. In dendrogram, most genetically distant varieties according to ghadins
polymorphism are the vaneties Silvanus from the vaneties Bardotka, Sophytra, Faustina and Genoveva; also Natanael from the vanety

Sophytra. Genetically closest from this point of view 1s the vanety Federer to the vanety Panonnicns, as well as Natanael to Silvanus.
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INTRODUCTION

Storage proteins of cereals are lughly polymorphic. Thewr use in the form of
sufable markers for the charactenzation and differentiation of genotypes have
many advantages m‘eruthagnmelicmaﬂﬂs{i’iamnkﬁﬂd., 2011I). Baking
quakity of wheat flour 15 largely deternumed by the accumulation, concentration
and composition of proteins m the grain, which is mfluenced by genetic and
environmental factors and thewr interaction (Malik er al., 2013). Gram consists of
two main components, water and dry matter. Water is an important component, 1t
represented by polysacchandes, about 75 %, the proporfion of protens 1s
beteeen 10-15 % and content of lipids is about 2 % (Kuéerova, 2004).
Endosperm 15 the mam source of flour, it contains the largest amount of gram
proteins, carbohydrates, won and B vitamins (nboflavin, niacin and thiamine).
Crater lavers of the endosperm and the aleurone layer have higher concenfration
of vitamins and phytic acid, in contrast fo the mner endosperm, where 15 the
majonty of starch and proteins (Kumar er al., 2011). Wheat storage proteins
{ghadins and ghitenins) with their properties differ from simalar protems in other
cereals and that causes their exceptional posihion in cereal technologies. They are
not soluble in water, but with the addition of water they swell to a limited extent,
while inserfion of mechanical energy by kneading in the presence of air form a
solid gel, which 15 called ghaten (Kadlec er al., 2009). The quality of gluten plays
a kev role in shaping of the dough and also influences baking properties. Gluten
proteins constitufe in total about 80 % of the protein content in wheat grain
{Repka and Michalik, 1988). Ghadms, wheat prolamins, a major fraction of the
wheat storage proteins, are synthesized m the endoplasmme reticuhom dunng
development of the seed. Ghadins are stored in subcellnlar structres wathin
mmmature endosperm — in the protein bodies (Zhang, 2013). The structure of the
gliadins consists of a single polypeptide chain in which short heheal sections (@ -
helix) alterante with hydropheobic residues and straight sections with relatively
high content of glutarme acid and proline. Ghadins are classified into structural
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types: a-, -, y-, o-gliadins according to their electrophoretic mobility in acidic
systems (A — PAGE). Unlike glutenins, gliadms are the monomer components,
whach contnbute to the viscosity of the particular dough expansion (Shewry and
Halford, 2003; Kuierova, 2004). The glotenins, wheat glutelns, are drvided
inte high molecular weight subungts (HMW-GS) and low melecular weight
subumits (LMW-GS). They form about 40 % of total proteins of gram, and are
also among the largest molecules of the protem at all, achieved a molecular
weight up to 20 milions Da (Wrigley, 1996). HMW-GS constitute of a stable
complex of polymers and are lnked mainly to the dough flexibility (Shewry and
Halford, 2003). HMW-G5S can be classified into the x- and v-type, which are
coded by two genes and differ in molecular weight (Kolster, 1992). Bread wheat
contams six HMW-GS genes, presented in each Glu-14, Glu-1B and Glu-10
locus at the long amm of chromosomes 1A, 1B, and 1D (Shewry and Halford,
2003). Glu-score, caleulated from presence of HMW-GS, 15 used to determine the
breadmaking quahty of wheat grain. The value of score is between | and 10. The
evaliation of wheat over 7 means good technological quality for bakery use. The
ameunt of HMW-GS is not important for the breadmaking quality, but themr
indrvidnal representation. The most significant effect on the quality of the flour
has locus Glu-1D, where the subunats 5 + 10 affect the quakliy in a positive way
and subumfs 2 + 12 in a negative way (Payne e al., 1937). Study of protem
pelymorphism by electrophoretic methods is one of the most important ways to
get information about vanehes. The prnnciple of protein markers allow us to
determine the ongin of cultivated plants and their genome stuctore, accurately
and quickly identify the vanety and specify their total genomic analysis (Galova
eral., 2011a).

MATERTAL AND METHODS

We analyzed gram of fen winter wheat (Triticum aestivum L) vaneties -
Bardotka, Sophyira, Lukulhis, Federer, Pannonicus, Faustina,
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Genoveva, Ihas, Matanzel and Silvanus, which were obtained from the Research
and breeding station Maly Sariz NFPC VURV Pieifany and the Breading station
HORDEUM spol s. ro. Sladkowiéovo. We recerved grains from the growing
season 2010/2011. We determined total niirogen content by Ejeldahl's method
and fractional compesition of protems by Golenko (Alichalilk, 2002), then we
caleulated crude proteins content (mmltiplymg total nrfrozen content with 5.7 —
which is coefficient for wheat) and coefficient of nutnitional quality {{albumins +
globulins + residue)prolamins) = 100) from frachional composition of protemns.
grains. Homogenization was camed out by gnnding. Glutenims and ghadins were
extracted by standard ISTA method. Next we performed electrophoresis in amd
condittons (Draper, 1987) and with presence of sodium dedecylsulphate
{(Wrigley, 1992) using the electrophoretic umt Protean IT {BioF.ad). Protein bands
were coloured by Coomassie Brilhant Blue B — 250. Electrophoretic profiles
were scanned by G5-800 Calibmated Densitometer (BioEad), which cooperates
with program Cuantity One. The separated gluten subunits were identified by the
protocol of Payne and Lawrence (1983). We evalnated the results by
mathematical - stafishcal methods (average wvalue, standard deviahion and
coefficient of variation). Dendrogram was constructed usmmg Jaccard coefficient
and the methed UPGMA (Unweighted Pair - Group Method wang Anthmetic
Averages) n program, whach s available free on
hitp:/fusnaris timet cat'debb/TUTPGAMAS.

RESULTS AND DISCUSSION

Cereals are the most mmportant plant source of protems m the diet The content
and the quahty of the individual protem fractions are the mam factors, which
affect the outntonal and technological quabty of flour. On that bams, we

determined fotal mitrogen confent, content of crude proteins and also the
fractional composifion of proteins (Tab. 1). The confent of nifrogen n the
collection of analyzed varieties of winter wheat ranged from 1.40 % in the
vanety Natanael to 2.30 % in the vanety Genoveva (average value was 1.73 %),
We calculated the average value of crude protems content at 988 %6. The lnghest
amount of crude protems had the vanety Genoveva (13.11 %) and the smallest
the vanety Natanael (7.98 %). Socha er al. (2010) determined the total nitrogen
content of common wheat grains on 2.76 %, which is different from our results
(about 1.03 %2). The highest content of crude proteins was 1575 %, wihech is
about 2.64 % more from ouwr caleulated value Albunmns and globulins are
important frachions from a nutritional pomnt of view, they contamm more essential
amine acids than prelamins and glutelins. For these protein fractions high content
of lysine, threonine, methionine, isolencne, tryptophan and argmine 1s typical. In
turn, prolamines and ghatelins have lngher content of non-essential amine acids
such as ghitamic acid, proline and glyeme However, they are significant factor
in development of gluten and they are nreplaceabls dunng technological use of
wheat in bakery. We found the highest content of albumins and globulins in the
vanety Matanael (26.37 %), the lowest content showed the wvarety Silvanus
(22.74 %). The average rate was 24.55 %, which comesponds fo the results of
Galova et al. (2011b), whe determined the average value of 2449 %, noting that
the presence of albumins and globulins positively affects the nuinhonal valoe of
wheat. Socha er al (2010) found 22 62 % fraction of albumins and globulins in
wheat grain. Thas value 15 lower from cur in about 1.93 %. Most prolamins were
detected in the vanety Faustina (39.82 %), and least i the vanety Dias (28.56 %)
Average value was 34.69 % Sihamus vanety showed the highest confent of
ghatelns (35.03 %), the lowest value was detected mn the vanety Genoveva (2804
%), Glutelins average confent was 31.29 %

Table 1 Crude proteins content, fractional composiion of proteins and coefficient of nufritional quaklity in analyzed wheat vaneties

Variety CP (%) alb+glo (%)  prolamins (%)  glutelins (%) CNQ (%)
Bardotka 946 2544 3221 34,74 102.6
Sophytra 9,69 2416 35,95 30,05 94,57
Lukullus 10,15 25,81 3479 30,86 98,73
Federer 9,58 2436 3446 28,52 107,42
Pannonicus 10,55 25,92 35,64 30,24 95,73
Faustina 8,89 23.76 39,82 3147 72,00
Genoveva 13,11 2317 37,80 28,04 83,86
Tias 10,09 23,81 28,56 3331 1335
Matanael 7.98 26,37 36,35 30,65 50,78
Silvamus 9,29 2274 31,35 35,03 107,24
average value (%) 5,88 24,55 34,60 31,29 98,65
standard deviation (%) 1,34 125 327 239 16,30
coefficient of variation (%) 13,59 5,10 o 764 16,53
Lezend: CP — crude proteims content, alb + 2k — albiems and globulins, (1) — coefhoient of mErtonal quality
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Coefficient of nutntional quality indicates the quakity of the gram m terms of 1=
use for animal nutnfion. From our vaneties the highest valoe had the vanety Iias
(1335 %). This was also confirmed by its values of the sum and the atio of
gluten proteins, which are important from a technological pomt of view.
Mmimum mitntional quality was reflected by the vanety Genoveva (83.86 %),
All vaneties showed average value of the coefficient of nutritional quahty at the
level of 98.65 %. These results are also approved by Galova er al. (2011h), who
set the average value at B8.15 %. Difference between these values was 10.5 %,
which means that our analyzed collechion was on the higher level m regards to
nuinitional quality. Chverall, we can conclude, that from our set of winter wheat,
the most outntionally valuable were varieties Ihas, Federer, Silvanus and
Bardotka. From a technological point of view were the best vaneties Fanstina,
Matznael, Bardotka and Silvams. Zili€ er al. (2011) analyzed the content of
gliadins and ghitenins m winfer wheat genotypes and their content of these
fractions were 1n the range of 58.17 % to 65.27 %. Our average value was stll
higher, m about 0.71 % (6598 %2).
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Figure 1 Electrophoretic profiles of storage proteins in grains of 10 winter wheat
varieties usmg 505 — PAGE

Lezend: 1 - Chinese Spring (marker), 2 — Bardotks, 3 — Sophytra, 4 - Federer, 5 - Lukullus,
6 — Matansal, 7 - Sihvamos, § - Tiss, @ — Pannomicus, 10 - Faustina, 11 - Genoveva, HEMW-
G5 - high molecnlar weight ghwenin submmit, LMW-GS - low molecular weight ghuenin
subumits
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We used 5D5 — PAGE method to separate the storage protems to HMW-GS and
IMW-GS (Fig.l). Among analyzed vaneties we detected the vanability of
presence HMW-GS and its influence fo technological quality of grain. The most
common HMW-GS composition (Fig. 2) in genetic resowrces was 0, 7+ 9, 5+ 10
(30 %5 vaneties), the least common compositions were 0, 7 + 8, 2 + 12 (Federer);
0,7+9 2+12 (Pannomiens) and 1, 7+ 8, 10+ 5 (Thas).

O results are consistent with Chaapek er al. (2014), who also found the most
common composition of HMW-GS 0, 7 + 9, 5 + 10. Our results suggested that
from the genes, encoded by Glu-14 locus, most commenly ocowred mull allels
(70 % vanehes), specifically in varieties Bardotka, Federer, Natanael Sihvamus,
Pannomicus, Faustina and Genowveva, 30 % vaneties - Sophyira, Ihas and
Lukulles contamed subunit 1. These results are confirmed by Kut'ka Hlozakova
er al. (2015), who detected three alleles at the locus Glu-14 -0, 1, 2 *. This was
probably due to the size of their studied collection - 108 genotypes of winter
wheat Oslovicova er al, (2010) m thew collechion of 67 genotypes of wheat from
Slovakia managed hghest proportion of alleles 0, which 15 consistent with our
results. Locus Glu-1B was more commen m the compesition of HMW-GS 7+ 9
(60 %5 - Sophytra, Lukullus, Nathanael, Sibamus, Pannomiens, Genoveva) as i
the compestion 7 + 8 (40 % - Bardotka, Federer, Thas, Faustina). Kut'la
Hlozikova er al. (2015) at locus Glu-1B recorded high polymorphism, seven
kinds of alleles, with the most frequent alleles 7 + 9, whach comesponds with our
results. According to Oslovicova er al. (2010) at the locus Glu-1B ocowrred three
kinds of alleles, namely 6 + 8, 7+ 8 and 7+ 9. The most common pair was 7+ 9,
which 15 also consistent with cur results. Composition 5 + 10 prevailed at the
locus Glu-1D (80 % vanetes - Bardotka, Sophytra, Lukullus, MNathanael
Silvanus, Thas, Faustina, Genoveva), m contrast to 12 + 2, which eccurred only i
20 % of varieties (Federer, Parnomicus). According to the resulis of Kut'ka
Hlozakova er al. (2015), the presence of 5+10 positively comrelates with the
breadmaking quality. Most often compeosition 5 + 10 was also m the analysis of
O:zlovicova e al. (2010), however they detected subungts 2 + 12 and 3 + 12, too.

Figure I HMW-GS component composition in analyzed collection of winter
wheat

W0, 7+8.5+10
m1,7+9.5+10
m0,7+8,2+12
m0, 7495410

H0,749,2+12

N1 748,5+10

In the collection of our samples, we calculated Glo-score, which ranged from 5 to
10. Highest Glu-score 10 was reached by the vanety Thas, Glu-score 9 was found
m the vaneties Sophytra and Lukullus (20 %3}, varieties Bardotka and Faustina
(20 %a) reached the score of &, which means good technological quality of wheat
grain. Stll good Glu-score according to the crnitena of Payme e al. (1987), wath a
value of 7, was reached by the vaneties Matanael Silvanus and Genoveva (30 %)
The vaneties Panonnicus and Federer do not comply wath thas classification, they
reached a value of 5 and 6. Average Glu-score was 7.6; which means satisfying
technological quality of our collection of winter wheat. Chiapek er al. (2014) set
m their collection of Czechoslovak and European wheat genotypes average Glu-
score of 7.5; whach agrees with our results. The largest percentage of ther Glu-
score was 9, whale forus 1t was 7.
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Figure 3 Dendrogram of genetic relatedness of vareties based on ghadins
polymorphism

Electrophoretic analysis of ghadins from different wheat vaneties received by A
— PAGE method allowed us fo use statistical methods In order to construct
dendrogram of their relationships. On the basis of dendrogram (Fig. 3), common
ancestors and degree of relatedness may be presumed. With variahlity analy=is
we divided the collection info fwo main chosters (1. and I1) of vaneties. The first
cluster (L} contamed only two vaneties - Natanael and Sibvamms (La and Lb),
The second cluster (I} was divided mto two subclusters (Ila and ILb), the first
(ILa) was charactenzed by the vanety Genoveva, the second (ILb) was drided
into two subgroups. The first subgroup was represented by the vanety Fanstina,
the second was subdivided into two subchisters. The first subcluster contained the
vaneties Lukullos and Ihas, the second was separated info a group, which
contained the vanety Sophyitra and the second group, which was next dmided
into chosters containng the vaneties Federer and Pannonicus and cluster with the
vanety Bardotka. Genetic relatedness based on Jaccard simmlanty coefficient
suggested, that gentically closest to the vanety Federer is the vanety Pannonicus
(0,889), followed by the vaneties Natanael and Salvamus (0,833) and a pair of the
vaneties Bardotka and Federer (0,800). On the contrary, most genetcally
different wvarieties based on Jaccard coefficient were Bardotka, Sikvanus,
Sophytra and Faustma from Genoveva (1,000), as well as Natanael from
Sophytra (1,000).

CONCLUSION

Crude protemns content of the analyzed samples ranged from 7.89 % to 13.11 %,
the highest proteins content had the vanety Genoveva and the lowest had the
vanety Natanael The nutritional quality of wheat grain is based on representation
of albumins and globuline, which content was between 22.74 % m the vanety
Sihamus to 2637 % m the vanety MNatanael Gliadins and glutenins content
affects the technological quality of grain. The content of storage proteins vaned
between 61.87 % in the vanety Ihas to 71.29 % in the vanety Faustina. From this
perspective, the vanety Faustina had the haghest quality according to confent of
ghiten protemns. The highest atio of coefficient of nuiritional quakity was detected
in the vanety Ihas {133.5 %), the lowest nutritional quality was reflected by the
vanety Genoveva (83 86 %). In terms of the representation of HMW-GS m the
samples, we found subunits 0 and 1 at locus Glu-14, sobunits 7+ 8 and 7+ 9 at
locus Glu-1B, and subumits 5 + 10 and 2 + 12 at the locus Glu-1D. Most
frequently was component composition 0, 7+ 9, 5 + 10, namely in the vaneties
Matanael, Silvanus and Genoveva. Glu-score can determume the fechnological
quality of wheat grain. Ohar vaneties reached Glu-score between 3 and 10. The
highest score 10 was reached by the vanety Ihas. The lowest rate had the
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vanefies Parmonicus (Gu-score 5) and Federer (Glu-score 6). Based on the acidic
electrophoretic profile of wheat storage proteins we constructed dendropram of
genetic relatedness of different vanetes. In this regard, we deternuned that the
vanety Silvanus 15 genetically furthest from vaneties Bardotka, Sophyira,
Faustina and Genoveva, as well as the vanety Natanael from vanety Sophyira.
(On the other hand the most penetically related were vanetes Federer and
Pannonicus. Finally, we can say, that the analyzed set of winter wheat showed a
satisfactory technological quality and we recommend it for use m bakery.
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This work iz focused on preparation of a plant fransformation vector pDH? contammng the expression wmt of the dehydrin gene
At2221490 under a control of the constitutive dCalMT 335 promoter and the selectable marker neomycin phosphotransferase gene
controlled by the mos promoter. The gene At?g214%90 1s classified as a dehydnn of the type E,5Y; The gene was isclated from
Arabidepsiz thaliana by PCE. approach. The plasmid pDH? was transformed into the strain dgrobacterium umefaciens LBA 4404 The

stability of the plasmid pDH2? m dgrobacterium has been venfied by restrichon analysis after re-transformation of the pDH? mto

- ] Escherichia coli.
DPE“@H“‘ Keywords: dgrobacterium tumefaciens, Arabidepsiz thaliana, At2g21490, bmnary vector, dehydnins
INTRODUCTION verified by mestrichon analysis after re-trapsformation of the pDH? mmfo

Due to the changes in the environment, planfs are increasingly exposed to
different types of abiotic stresses such as drought, salinity, low temperature or the
presence of heavy metals. Among the protems that are sigmificantly accumulated
dunng the stress cansed by dehydration, osmoticum andfor a low temperature are
LEA protemns ("Late embryogenesis abudant proteins") {Amara er al., 2014).
They are bydrophilic molecules whose role probably 15 fo protect biomolecules
and cell membranes (Candat er al, 2014). Debydnns (Pfam PFO025T) are one of
the most charactenized group of LEA proteins. The LEPdb database cwrently
contains over 380 records on dehydnns from various plant species and thewr
physicochemical properties. Most of debydnns are associated mamly with the
process of embryvogenesis, but they can also be accunmlated m vegetative parts
dunng the plant hfecycle. Generally, dehydnns are ennched with glycine and
hy=ine residues, but they lack cysteine and tryptophan (Allagulova er al., 2003).
The charactenstic &mucfa]ld&hydms:scmhwmsdmmmmd
as K-, 5 apnd Y-segmets which are their stuchural atinbute. Firve different
subclasses of dehydrins are defined om the basis of the conserved segments:
Y.SE, SE, E, Y.E,. and K, (Close, 1997). The presence of E-segment 1s
obhgate for all groups of dehydnms.

Dehydnns are considered as mmltifinctional proteins that can bind to
macromolecules such as nucleic acid, have a protective role, can bind free metals,
and can act as chaperones or antioxadants (Rorat er al. 2004; Hara, 2010). In
term of the structure and the presence of charactenstic protem domains, they are
divided mto several groups. So far, 10 dehydnn genes were idenfified m
Arabidopsiz (Hundertmark and Hincha, 2008). All of these genes contam
histidine nich regions (His). Smee the structures His-X3-His and His-His show
strong affinity to metals (Hara er al. 2005), it was supposed they can reduce
vanous types of cellular damage dunng metal stress. The regions nch in His may
play a role in buffering and/or may serve as sensors of the levels of metals (Hara,
2010) or could be involved in the reduction of “reactive oxygen species™ (ROS)
(Hara er al, 2013).

The drabidepis gene 412221490 is classified as a dehydnn of the type Ea5Y,. It
15 expressed in late stages of seed formation and completely absent in vegetative
tissues. The gene possesses 14 His residues, two His-X3-His and one His-His

sequences (Hara, 2010).

InﬂﬁsnmkwepmpmdaplanthansﬁumaﬁmmbwpDHZmﬂaiﬂngﬂ!g&m
At2g21490 under control of the constitutrve double 4CaMF 355 promoter. The
gene At?g21490 was 1solated from Arabidopsiz thaliana by PCR approach. The
binary vector pDH2? was transformed into the stram Agrobacterinm mumgfaciens
LBA 4404, The stability of the plasoud pDH? m Adgrebactsrium has been
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Escherichia coli.
MATERIAL AND METHODS
Izolation of the gene At2g21490

The genommc DNA from Arabidpopsis thaliana was 1solated according to the
Chen et al. (1992). The sequence of the gene At2z21490 was amphfied using the
combination of the primers Pl (5" -GGTAATAATACCATGGGGGATTTGAG-
37 and P2 (5"-GCTAGCAAAATACAGTTCCTTC-37). The PCR reaction was
camed out in 25 pl puxture contaimmg 100 — 200 ng of DNA template, 20 pmol
of each pomer (forward, reverse), 200 phd dNTPs, 1x PCE buffer and | unat of
Tag DMA . The first PCE. step of 35°C for 4 minutes was followed by
35 eycles: 95°C — 45 5; 63°C — 45 sand 72°C for 2 minutes. The last step was
performed at 72°C for 10 ounutes. The PCE. product was isolated from the gel
using (JIAquick Gel Extraction Eit {((iagen). The identity of the PCE. product
was confirmed by sequencing.

Plant vector construct

The PCE product was ligated mio the plasmud pGEm-TE Easy (Promega) to
yield pZM1. Subsequently, a 1037 bp EcoRI-EcoRl fragment from pZM] was
ligated into EcoRl-EcoRI-digested plasmid pBSE+ to create pZM2. The plasmid
pZM3 was created by clonmg of dCaMTF335 as Hindlll-Neol fragment from
plasmid pB54 and 762 bp Neol-Clal fragment from pZM? mto the vector pUN
(Vaculkova er al., 2007). The plant transformation vector pDH2 was obtained by
ligation of JCaMF3IISDHYpolyd as EcoRl-Xbal fragment mto EcoRl-Ahal-
digested binary vector pBINPlus (Van Engelen, 1995). The binary vector pDH2
was introduced into Agrobactsrium tumefaciens strain IBA 4404 using method
Jrparental mathng™ (Matzke and Matzke, 1935).

Stability of the plasmid pDH? in 4 mumefaciens

The stabibity was venfied usmg restrichon analy=is after 1solation of the plasomd
pDH? from A. nmmgfaciens and re-fransformation into E. coli.
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RESULTS AND DISCUSSION

To study the funchion of the debydnn gene At?21490 mn tolerance to selacted
abiotic stresses using transgenosis, the plant transformation vector pDH2 was
prepared. The T-DMNA of the pDH? contained the gene Af2g214%) under control
of constitutive JCaMF 335 promoter and the selectable neomyem
phosphotransferase gene (npell) under control of the mo: promoter. The cloming
strategy 15 given in Figure 1.

The specific pnmers P1/P2 were designed to amplify a PCE product P1-P2 of a
size 1037 kb that contained the sequence DH2/polid. The plasmud pZM1 was
created by Ligation of the PCE product into the cloning vector pGEm-T® Easy.
The identity of the amplified sequence was confirmed by sequencing. The
sequence was compared with the sequence of the gene Af2g214%) using the
programe Clustal Omega (Figure 2).

The PCE. product was ligated as EcoRl-EcoRl fragment of the plasmid pZMI1
mto the vector pBSE+ to vield plasmid pZM?. The identity of the inserfed
fragment was verified by restriction analy=is (data not shown).

The next step of the cloning strategy was hgation of the sequence DH/polyd
from the pZM2 and the sequence of the JCalMT 355 promoter into the cloning
vector pUM. Subsequently, the sequence of the expression umt dCaMF
335/ DH2polyd was hgated mto the binary vector pBinPlus. This vector contams
the selectable mptll gene encoding resistance to antbiofic kanamyemn. The
1dentity of the plasmid pDH?2 was confirmed by restniction analyses. In Figure 3a
the position of restnction enzymes used in the analyses 15 given. The results of
restriction analyses are in Figure 3b.

Based on our previous expenences with instabibify of some sequences m bactenia
(Vaculkova et al, 2007), the stallity of the sequence of the T-DNA region was
analysed using restniction analyses after re-transformation of the plasmid pDH2
from 4. tumefaciens into E coli. After retransformation, totally, 30 clones were
1solated and subjected to resinction analyses. Bestnction profiles of all analysed
clones comesponded with expected (Fizure 4).

) o)
T

Jw—mmw}—

Figure 1 Cloning strategy. The amows indicate restrichon enzymes used m
mdividual clomng steps. 4335 — double CaM¥ 335 promoter, dh2- debydrn gene,
polyd — poly sequence of gene DH2, mosT — nos terminator, npll — necmycin
phosphotransferase gene, mosP — nos promoter.
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PEM1 SETAATAATAC CATGGOIGATT TAMIGAACEAAAMA I TARTCOOA T CCATCTARD
At3g21400 SETARTARTAT AR T GGG EA TT TE AL GGAC AR AR GG TARTCCGATCC AT CTARS
T T T LT S T T T T
PEM1 ACARCAGGGAMACOCAATTETCOAC CTARCTEATGAGCACIITARCCCCATATAOCTRACT
Rt2g21490 RACRCRGGGRRR O T TG TCGAC CTGACTGRATGAGCACGSTARCCCCA TG TAOCTRAACT
B AR R AR AR A AR AR R R
pEM1 RAGRAGGGCATT CTOGRGRAGRT CAKRGERTRAGC T TCOA GRFOCROCAT A CC AT AR
AtZgZlasd ASRAIGICATTCTOIAIAGAT CAMIGRCAAGC T TCCASGOCACCA TAAC C AT AR
AR AR E AR AR AR A AR R R AR R
pEM1 SRR AL AR T AT ATGACG T TT TG TTACATGARTARATOGTT TGC A GARTTTCAT
At2gZl4asd CATERACACCAATCATATGACETC TTTOTTACATGARTARATCOTT TGCACGAATTTCAT
R R
pEMl TASSECTTATAARIAATCAATA TATATSTCTASTOARS TTTACTARATT TTASTTOTSTT
At2g2ld4ed TREFFACT TATGARGRATCRATATATATFTCTRAGT GAAG TT TRCTARMATT TTASTTETETT
R R
pEMl TOCTTOCAST T TOTOAATITOACCAT COTOTTATCATITTCTTOTT TAT TTATAR Jul
At2g2l40d T TG AGT T T T GAR TG TGACCAT ORI TATCATGT TCT TWT T TAT TTAT ARRGRA
Mt
PEM1 GARCTITATTTTGCTAGC
At2g2l490 GARCTETATTTIOCTAGT
GhbbARE AR R AR

Figure I The ahgnment of the sequence P1-F? with the sequence of the gene
At2221490. Algnment was generated using the CLUSTAL OMEGA program.
Mucleotides which are conserved m the sequences aligned are marked by
asterisks. Dashes show sequence that 15 important for polvadenylation of mENA
The amrows ocutlne the posihon of primers Pl and P2. The sequence of the
prmers Pl and P2 are in the boxes.

” L
RE ] B
Xbol Xhol Sced Xhol FraRl
HmdlIl  HezndTIT HindIl  Pacl
b)

Figure 3 Restriction map and restriction analyses of the T-DNA-pDH2. a) T-
DMNA structure of the pDH2. The primers used for PCR analyses are indicated as
Pl, P2. The position of restrichon enrymes used mn restnction analyses 1s
indicated b) Photograph of the ethidivm bromude-stammed 1 % agarose gel
carrying mn lane M - 1 kb DMA marker (Fermentas), lane 1 — pDH2
EcoRl+Xbal lane 2 — pDH2/ Xhol lane 3 — pDH2 / HindIll, lane 4 — pDHY/
AsclH-Seal
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a)
R ) e g
RBI.T‘D,| LB
sl Seal
b)
b M 1 2 3 4 5 & 7 8§ 9

3000 =

1000 =

Figure 4 Restniction analyses of the T-DNA-pDH? after re-transformation of
plasmud mto E coli. a) The plasmid pDH2 with the posibon of restnetion
enrymes used in analyses. b) Photograph of the ethidium bromide-stamed 1 %6
agarose gel carmrying in lane M - 1 Eb DNA marker (Fermentas); lanes 1-9 —
pDHM dzel + Seal .

CONCLUSION

Using the techmques of recombinant DNA a plant transformation vector pDH?2
was prepared. The T-DMA region of the pDH? contamed Arabidopsiz gene
At2g21490 under contrel of the constitutive 4CaMTF 355 promoter and selectable
marker nptll gene providing resistance to the anhbiotic kanamvyein. The bmary
vector pDH? has been shown to be stable m 4. rmmgfacisns LBA 4404, In fature,
A mumefaciens LBA 4404 canrying the plant transformation vector pDH2 wall be
used for ransformation of tobacco leaf explants.
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Cereals are main part of human mutnition and strategic resources. Thousands of barley vaneties are used in food industry and especially
for the producton of malt in the brewing mdustry. In the present study, we were focused on utihzation of SSE markers for
differentiation and charactenization of different barley genotypes. Barley collechion was analyzed by 4 pure and 1 compound markers.
Usmg STMS method we have revealed significant polymorphizm. A total of 27 alleles were detected among 24 vaneties with an

average of 5.4 alleles per locus. Average values for index of diversity (D), polymorphic mformation content (PIC) were 0.767, 0.756

OPEM aﬂ!s;

vanetes.

respectrvely. The haghest level of polymorphism was detected with SSE marker Bmag 0222 (7 alleles) which also revealed one
heterozygous vanety. Dendrogram was created by hierarchic cluster analy=sis using UPGMA algorithm on the basis of detected alleles.
Analyzed genotypes were divided into three chusters so it can be used to study genetic relations among collection of analyzed barley

Keywords: Barley, Genetic diversity, Simple sequence repeat (S5E), DNA marker

INTRODUCTION

Cereals are grown across the globe for several thousand years, and after all these
vears have been subjected to varnous exogenous and endogenous factors which
have formed their respective genomes. Barley (Hordeum wulgare, L) 1s
value 15 increased due to use as a finctional food with a vanety of health benefit=
Hua et al (2015). In order to merease the nuintional quality of gram, barley crop
passed through the targeted selection and hybnidization The long process of
barley breeding has resulfed in increasmg dversity of barley vaneties Ivandic ar
al (2003). Growers can select the best varety according to specific chmate and
end use of this crop such as human consumption, malt m brewing and dishlling
mdustry or animal feeding Ferreira er al. (2016). At present approximately
hundred varieties of barley genotypes are registered in Slovakia, of wiach 20%
have domestic ongin. Wild barleys (Hordeum spontaneum) can be used as donors
of important genes that could be used for mprovement of different barley
parameters Shakhatreh er al. (2016). Molecular markers such as S5E, SHNP, 5TS
Kojima et al. (2007), Thormann ef al (2016) or DAT Lamaraet al (2013) are
often used for penotype 1dentification and characterization and thus may provide
more accurate penome assessment Yadav er al (2015). Association mapping is a
powerful tool in improving barley breeding via precise identification of markers
significantly associated with important traits, which is vitally important for
marker-assisted breeding Abou-Elwafa (2016), Elakhdar er al (2016).
Molecular markers are very useful for mapping and tagsing the loci affecting
malting quabty Han er al. (1997) and largely fulfill most of the user requirements
Groven and Sharma (2016). Usmg molecular markers to select for specific
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chromosome regions with potential positive yield contmbutions enhanced the
breeding success for high yield while maintaming traditional maltmg quality
Schmierer ef al. (2005).

The aim of this study was to analyze genetic drversity among the set of 24 barley
genotypes using 5 55E markers and fo evaluate ther ability to identify malting
barley genotvpes.

MATERTAL AND METHODS

Collection of 24 barley genotypes contained 8 winter foom (Tiffany, Monaco,
Cedeco, Premuda, Graciosa, Barcelona, Metaxa, Heidi) and 16 spnng form
(Malz, Eangoo, Chverture, Signora, Madir, Landis 550, Earmel, Antigone, Troon,
Prodeum, Valis, Exahs, Eunran, Eompakt, Movum and Madonna) barleys. Some
of these genotypes are commonly used m brewing industry. DNA was 1solated
from dry whole grain according to the methodology for a commercial kit
Gene]ET Genomic DNA Purification Plant Mmi Eit from the Thermo Fisher
Compary.
Microsatellite analyses were camed out in 25 pl volome using Biorad C 1000
. As pnmers we used specific ohgonuclectide sequences 18-23 bp,
descnibed by Ramsay er al (2000). The amphfication condibions for each
microsatellite marker were set according to Ramsay er al. (2000) and Varshoey
et al (2007). Prmers {Table 1) were selected on the bams of owr previous
research Tombka er al (2013}, on the basis of best valnes for DI and PIC due to
ablity of differentiation.
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Table 1 List of used SSR markers

Markers  Chromosome Primer sequence Repetition
P - AGCCCCATCAGATITACG .
Bmac 0134 H %ﬁgﬁ%m@ (AC)
N AT

v T

Amphfied alleles were separated in the 6 % polyacrylamude gels denatured with

urea. P&Epmahmufﬂ!gﬂsohﬂmhﬂalmzlvohmuflﬂﬂml1351:14!]%
! bisacrylamid mn rafio 19:1; 3 ml 10 x TBE (107.8 g Tns-base, 744 g

EDTA and 55 g H;BO, m 1L solution, pH 8.3); 20 ml redistilled water; 55.82 ml

66.3 % wrea; 180 pl TEMED and 500 pl 10 % APS solufion

The separzfion of amphfied alleles was conducted at OWLTM electrophoresis

umt at maximum cwrent 90 mA in a buffer system 1 x TBE for 3-4 howrs,

depending on the expected size of fragments. After electrophoretic separation of

DMA, bands were visuahzed by sibver staimng followed Benbouza et al. (2006):

5 pumutes in fixative solution (10 % ethanol; 0.5 % acetic acid),

6-7 minutes m a dye sohntion (1.5 g AgMNOs, 1.5 ml 37 % HxCO, HiO to 1000

ml),

1 second washing in ultrapure water,

3-5 minutes m develop selution (15 g NaOH, 2 ml 37 % HyCO, HxO to 1000 mI),

2 munutes in fixative solution (10 % ethanol; 0.5 % acetic acid).

The PCE products separated m polyacrylamide gels were scanned using

Chemilhoe Imaging System followed by evaluation using the GelAnalyzer 2010

software (Lazar 2010). On the basis of allele frequency diversity index (DI}

{Weir, 1990} and polymorphic mformation content (PIC) (Weber, 1990) were

caleulated.

ERESULTS AND DISCUSSION

Mumber of alleles per locus 15 an important mdicator of genetic diversity. For
some authors 1t 1s the only and main parameter for study of genetic relations.
Kalinowsky (2002) stahistically confirmed that 1f is not required to examine

W 196 bp
™ 200 bp
u 208 bp
mI14bp
=220 bp
W16 bp

Bmag 0211

w150 bp
=154 bp
w162 bp
=170 bp

Figure 1 Preview of detected alleles in 5 55E. loci and their frequencies

Calculated mdexes of DI, PIC are used to evaluate the level of polymorphism m
analyzed collechons of different species. The ugher valne for these mndexes 15
calculated the better identification they provide (table 2). PIC values are used as a
measure of a marker's usefulness for hokapge analysis. Values of index diversity
for our SSE. markers were calculated and varied from 0.688 to 0.826 with a mean
value of 0.767. For the next index (PIC) values ranged from 0.677 to 0.817 with
an average vahe of 0.756. These values indicate that these markers are able to
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highly polymorphac loct or large mumbers of loci. The only requirement is that a
sufficient mumber of alleles have been detected. Owverall, we have idenfified 27
alleles at five loct which were located on chromosomes 1H, 2H, 5H and 6H.
Number of allele per locus varied from 4 (Bmag 0211) to 7 (Bmag 0222) with
average value of 5 4. Frequencies of detected alleles ranged from 4.0 % to 50.0 %
(figure 1). Shakhatreh er al (2016) analyzed comparable collection of cultivated
bardeys (27 genotypes) but have used 11 markers and therefore 1dentified more
alleles (95) with an average 8.6 allele per locus. Yadav er al (2015) used even
more markers (47 55E's) but his collection of barley confained just 10 bardey
cultivars. Mumber of alleles per locus vaned from 2 to 7 with an average 3.52
alleles per locus. Using markers Bmac 0040 and Bmag 0222 they have identified
5 and & alleles respectively, which 1= very close to our results. Similar result=
obtained Nandh and Singh (1014) who analyzed 27 wild and 20 cultivated
barley accessions and 1dentified 5 alleles at loct Bmag 0125 and also Bmag 0211
in cultivated barley collechion Khodayari ef al (2014) analyzed 40 wild barley
genotypes and have identified from 1 to 17 alleles but SSE marker Bmag 0125
amplified only 4 alleles. Hua er al (2015) identified 204 allsles with mean value
of 5.83 m collection of 277 colored barey vaneties. Due to very large collection
of genotypes, oumber of alleles detected m the same locl were mch higher Bmac
0040 (42 alleles), Bmag 0134 (35 alleles), Bmag 0222 (19 allele<). Ferreira er al
(2016) analyzed 64 Bramhan bardey genotypes and in 34 different loci they have
identified from 1 up to 18 alleles. Using marker Bmag 0211 they have identified
6 alleles but in the case of marker Bmag 0125 number of detected alleles (10}
was double compared to our results.

Burtae 0134 Bwag i1 25

"i28
.l"l:'t';' ll.ﬂztu:I
"l llBE;
" 162 bp

=168 by "1H bp
" %148 bp

Bumag 0222

w140 bp
w144 bp
m 162 bp
w168 bp
w170 bp
l]thlp
" 17E bp

detect lagh level of polymorphism because markers with DI and PIC values over
0.6 are considered as useful tool for genotype differenfiahon. Nandh and Singh
(2014) mn comparable collection of 20 cultivated barleys esiimated average t'aln.e
of diversity mdex of 0.729, what 15 very close to our resulf.

information content indexes for S5KE markers Bmac 0134 (0.835), Bmag 0125
(0.685) and Bmag 0211 {0.760) were comparable to our valnes. Khodayari er al
(2014) computed values for PIC index from 0.304 to 0.913 with mean value of
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0.711. Also Lamara er al (2013) calculated similar average PIC index (0.690).
Other authors Yadav er al. (2015) and Hua er al (2015) acquired lower mean
values of PIC 0.551 and 0.549 but this was affected with some S5R markers with
low level of polymorphism and thus lower value of PIC 0.286 and 0.407.

Table ICharactenistics ofindividual 55F. markers

Average 54 - 0.767 0.756

Lezend: Dl diversity mdex, PIC- polymorpiiic MFOrmanon content,

DMA fragments amphfied by 5 55K markers were evaluated and on the basis of
their presence or absence binary matnx was created. In the next step on the basis
of this matrix dendrogram (fipure 2) was created which revealed genetfic relations

Markers  Numberofalleles Allele DI PIC between barley genotypes. We have successfully differentiated all 24 genotypes
e but we have failed to separate spring and winter forms as Pillen er al (2000) m
Bmae 0040 6 196 - 226 bp 0826 0817 their study but they have used almost 40 markers. We can get better results by
Bmac 0134 5 140-174bp 0788 0779 m"’m“m;f wﬁmﬁi meore “‘“ﬂ.‘fm
Bmag 0125 5 128 - 148 bp 0.795 0.782 barlevs when 4 of them created own cluster, moreover genotypes Laudis 550,
Bmag 0211 4 150-170bp 0747 0723 g‘m‘"‘;‘“ and Ki;@"“ are considered as vaneties with premium maltmg quality,
Bmag 0222 7 140 - 178 bp 0688 0677 !
L8|
T Lawdis 550
I Cherturs
T + Kangoo
I «haatz
| Gradosa
| S
T Haiddl
L Matira
Propsumi
sTroen
Lntigons
Kovum
| + EXlE
L Valls
I ie i e
I + MO0
SN0
Meadir
& Nadxnna
Tytrany
Kompat
HKmran
Karmsl
Figure I Dendrogram of 24 barey genotypes on the basis of 5 SRR markers
CONCLUSION Elakhdar, A, EL-Sattar, M. A, Amer, K Rady, A, & Eumamaru, T. (2016).

Molecular markers have been used many vears for different applications mainky
genotype and gene wdentificafion and genome mapping. According to obtained
results, they are still very popular tool which belps growers and breeders to select
the elite genotypes for thewr needs. Cur results demonstrate the effectiveness of
used SSE marker collection for differentiation of barley vaneties and proved that
55FE. markers from ouwr collechon are shll used worldwnde for different
appheations. resulis with other authors confirmed potential of
analyzed SSE markers for barley genotypes identification and characterization.
Created dendrogram revealed relations between barley vaneties and showed that
this collection of SSE. markers have some potential to differentiate maltmg barley
cultivars.
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ABSTRACT

Chitinases are enrymes widely spread in plants with no endogenous substrate and play sigmificant role to lyse the cell walls of many
pathogens. Thewr role in defense is firmly established Eecently, their finctions in plants have been extended to response to abiotic
stresses and various developmental plant processes. The gene family of chitinases 15 well charactenzed in some model species. Few
researches on their mvolvement in cotton defense against pathogens have been reported. Here were investigated Gossypium raimondii
genome in the Phytozome database for the presence of homologues. BLAST similanty search, using five chitinase representatives from
Arzbidopais belonging to different classes I-V, identified a total of 41 non-redundant chitinase gene sequences in cotton. We analysed
them im silico nsmg available bioinformatics software and characterized their basic molecular structures. Signal peptides, carbohydrate-
binding domains, kinge regions were predicted, molecular weights and expected isoelectnic points were calculated. Genes were divided
into different chitinase classes based on homology chustening with genes from Arzbidopsis. The mdividual farmly members were further
linked fo expression data andfor literary knowledge, which is in relation to cotton rather scarce. Enowledge on chitinase gene family

members I cotton provides a basic for further basic- as well as applied cotton research as they are functionally vahdated

Keywords: G. raimondii, chafmase classes, carbohydrate-bimding domam, glycosyl hydrolase domain, chitmase chosters

INTRODUCTION

Plants evolve mechanisms to counter biotic and abiotic stresses. Accumulation of
pathogenesis-related (PR} protems is one of the developed mechanizms haghly
expressed by plants during the attack by pathogens. Among PR members,
chitinases (PR-3) can bydrolyse chitin m the exoskeleton of insects and cell wall
of pathogenic fung, consequently play an mmportant role in the plant defense
against those orgamsms. Chitinases have extensively been studied for their use m
different biotechnological programs for plant protection. A number of crops such
as tomato, potato, maize, rapesesd, wheat, rice and others have been successfully
engmeered for resistance either with chitinase alone or in combmation with other
PR proteins (Cletus er al 2013). In recent 10 vears was observed an increasing
amount of evidence on the role of these enzymes in plant adaptation to abiotic
stresses, including drought (Gregorova er al 2015), toxic metals (Meézziros er
al 1014) and even pesticides (Asrorov er al 2013). Besides, chitinases play
pivotal role in plant morphogenesis and development wath impact on growth and
stress tolerance. Therefore, research on chifinases mn important crop species 15 of
Breeding stress-tolerant and high-yvield cotton might exploit chitmases and other
PR protems since a couple of researchers proved their importance mn cotton
defense against aphids and mites. For example, three acidic chitinase 1sozymes
(pl in the range 3.7-4.2) from &G hirsutum leaves were gradually ehicited by F.
dahlige for 120 bours (Dubery and Slater, 1997), some of them probably
mhibated the germunation of conidia (Lin e al. 1995). PRs inchudmg chitmnases
hkely contnbute to restnction of wilting in cotton infected by Farticillivm (Bu er
al 1014). Furthermore, elevated activities of chitinases and other PR proteins
resulted in reduced population of aphids in cotton (Rajendran ef al 2011), and
their inhibition by msecticide treatment resulted in the population growth of
spider mafes both in greenhouse and field expenmments (Szezepaniec ef al 2013).
On the other hand chitinases m cotton are beheved to play a role in fiber
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formation, too (Wiweger ef al. 2003).
groups. The class I chitmases have an M-terminal cysteine-rich regions mvolved
in chitn-bindmg (Iseli er al. 1993). These regions are separated from the catalyhic
domain by a short prolne-nch vanable hinge region and the catalyhic domain 1=
often followed by a C-termunal extension which 15 invelved in vacuolar targefing
(Neuhaus er al 1991). Class II chitinases hawve a catalybc domam with a high
sequence and structural similanty to those of class I chitmases. However they
possess neither the M-termunal cystein-rich region nor the C-terminal extension.
The main structure of class IV chitinases resembles class I chitinases, but 1s
reduced by few deletions along the ¢ -binding domam (CBDY) and the
catalytic region (Passarinho and deVries 200I). The class I chitinases are
smmilar fo class V chitnases of plant onigin and fungalbactenal chifinases
(Graham and Sticken, 1994). Class V chitnases have a C-terminal extension
for vacnolar targeting and may contain CBD as well (Heitz ef al 1994; Ponstein
er al 1994). Class V and I clitinases belong to the fammly 18 of glycosyl
whereas all other classes belong to famuly 19, Chitinases of famihes
19 and 138 do not share sequence sinmlanty, they have completely different 3-D
structures and melecular mechanisms (Suzukd e al. 1999).
Inspite of cotton gencme sequence available, the family of chitnases m cotton 15
low explored The objective of this work to identify and descmibe the chitinase
genes and their fapmlies in & raimondii and link them with comesponding
knowledge available m Literature.

MATERIAL AND METHODS
Searching the cotton genome for chitinases

The cotton genome mn the Phytozome database was searched for chifmases using
the BLAST program (Table 1). Frve chitinase gene representatives from
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Arabidopsis thaliana AT1G56680, AT1G02360, AT3G12500, AT4G19720 and
ATSG240%0, belonging to classes IV were used as quenes (Passarmho and de-
Vnes, 2002). Redundant sequences were removed at = 98% similanty in amino
acid translations. All identified putative chafinases m cotton were back-searched
in the WCBI database to prove similarity with chitinases (E value = 107",
Subsequently, different databases and softwares (Table 1) were used to predict
their structural and molecular charactenistics such as molecular weight and
putative ispelectric points, the presence of indrvidual protein domains and signal
peptides (Table 1). Sequence aliznment of chitmases from cotton and
Arabidopsis was done usmg ChistalW (Table 1) and evelutionary relationships
were observed by viewing Cladogram or Phylogram in the program. The
phylogenstic free was bwlt using soffware (mmweblacukToolaimea)
Maximmm likelihood method was used Available data on chitinase gene
expression In cotton were obtained from the database plex (Table 1).

Tahble 1 List of used databases and ioinformatic sofiwares

Phytozome http:/ferarer .1e1 doe. gov’
Mational Center for . . ] )
Biotechnological Inf tion -frerwrw.nebl nlm nib gov’
M:_:.lat:ula:“aght."kudechmal httn:/iereh orale
Signal peptide bttp:fererer. cbs.diu dk'services/S1 ."
hittp: /el decrease redunda
Decrease redundancy
ney!
. . http:/ferarer ebi. ac uk/Tools/msalclustal
ChostalW logenstic tree
- s e
Expression data PLEXdb blast p}
Arzbidopais Genome database wwwa:aln%u.ﬁ

Protein Extractions and Analysis

We studied total chitinase actrvity of cotton plant leaves in companson with other
plant matenals. For that lyophilized fully developed mature leaves were
collected from Gossypium hirsutum, Maha syhestris, Morus multicaulis,
Populus, Ligustrum vulgare and Rumex obtusifolius, growing in close distance
with the same ecological parameters in the locality of Tashkent, Uzbekistan (GPS
coordinates: 41% 15" 52 7400" N and 69° 12" 58.57207 E). Tissue material (500 g)
was ground with hgmd mitrogen using a mortar and pestle. After grinding,
proteins were isolated and assayed for chitmase activity as described previously
(Bewssig ot al. 1955). The activity of the enzyme was expressed as mmol of M-
acetyl glucoseamine amount hydrolyvezed for 2 hours.

BRESULTS AND DISCUSSION
Mature cotton leaves confam proteins with chitmolytic actvity. This activity 1s
comparable with that measured m leaves of malva (Maha syhvestriz), white

mulberry (Morus multucauliz) and poplar (Populus), but lower than m wald privet
(Ligustrum vulgare) or bitter dock (Rumex obrusjfolins) (Fig. 1).

Total clatinase actmaties of different plants
18

: *
02 %
0 £ . *x

0

1 2 3 4 5 §

Figure 1 Vanahlity of total chitinase activity in mature leaves of different plant
species such as Rumex obmsifolius (1), Lisustrum vulgare (2), Populus alba (3),
Meorus multicaulis (4), Mala Sylvestris (5) and Gossypium hirsutum (6). (The

error bars were calculated based on the four rephcates with standard deviation,
“#7- gigmificant difference at P = 0.1; “**": sigmificant difference at P < 0.05)

Activity umit / mg protein
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We have measured the overall activity of chifinases in cotton. The obtained
values are, however, hardly mdicative since results are from the actrities of
several individual isoforms of different activity, regulation and funchion. The
actvity of chitmases vames among plant species, but also depends on
developmental stage and even plant organ (Gregorova er al 2015). Nevertheless,
their total actvity m pea was shown o coinmde with metal tolerance (AMetwally
et al. 2005). Moreover, not only absolute actmity values but kinetics of mndividual
chhnasemucﬁmmscan:mniew:ﬂlphntlnhmbnshuss (AMeészzaros er al
2013), hence detailed study of comespondng gene family might be very useful
for plant improvement.

The measured activities are the results of action of several different 1soforms
encoded by the members of chifinase fapmly. Here, the genome of G. raimondii
and & hirsutum were searched with chitmases from Arabidepsiz thaliona for
presence of expressed and putative gene homologues using the BLAST program
in Phytozome and NCBI database. This search revealed a fotal of 43 gene
sequences amnotated as chitinases, of which 2 were removed as redundant using a
software. A total of 4] non-redundant putative chitinases were detected in cotton.
Their caleulated molecular weights vaned in the ange of 24.9-49 8 kDa. More
than half of them (29 out of 41) were predicted as acidic with the pl lower than
6.5, and only four chifinases were found to have pl in neutral range and 9
chhnassmpussﬂ:ll‘jrhm Clustering with chifinase representafives from 4
thaliana and the cotton chifinase class VII (Li and Lin 2003) sorted the cotton
chhnassmmdasss{ﬁgue?}

Class [T

Class]

" ChmIV

Figure 1 Dendrogram of cotton chitinases based on ammo acid sequence
alipnment with representatives of genes belonging fo classes I-V from A4
thaliana. Representatives of genes from 4. thaliana are described in bold. In Light
grey background, genes of Family GH 18 are shown. Genes of Fapuly GH 19 are
indicated in dark grey background.

Thus distnbution fits with expected structural data. Translations of 17 identified
cotton chitinases comtam a Glyco hydro_ 19 domaim (GH19) (Famuly 19
chitinases), and 24 chofimases possess a Glyco_bydro_18 domam (GHI1E) typical
for the family 18 chitinases. The farmly 19 chifinases comprised classes L IL IV,
VI and inchided 17 putative genes, and the fanuly 18 chitinases possessed 11
genes of class I and 13 of class V chitinases (Figure 2 and 3). A putative signal
peptide (SF) 1s present in 37 chitinase genes (Figure 3). A carbohydrate-binding
domain was idenfified m only some of Family 19 chitmases, namely m six class
IV and three class I chitinase genes (Figure 3). Among them, a proline rich, so-
called hinge region was found in two ouf of three class I and four of six class IV
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Figure 3 Primary structural maps of chifinase (class I - VII) genes found in cotton (G raimondii) genome and the mumber of ther
representants in different plant species. SP - Signal peptide; CBD - carbohydrate-binding domain: M - Hinge region; GH 18 and GH 19 -
Glycohydrolase domain 18/19, CTE- C-terminal extension: /% Deletions; with red lines YNYG motifs are represented in classes I IL and
VIL; dark grey hnes in class [ and class II chifinases stands for WEFWM motifs; CEGP motif n class IV chitinases is noted m pink line;

EVAAF motifs are marked with a viclet ine m class VII chitinases

We 1dentified and characterized to some extent in silico a total of 41 clitmase
genes in the genome of cotton. Thys number 15 igher companng with 24 genes
desenibed in the model plant 4. thaliana (Passarinho and de-Vries, 2002) or the
37 genes m poplar (P.orichocorpa) (Jiang er al 2013) (Figure 3). Since the
number of chitnase genes among dicotyledonous and monocotyledonous plant
species 15 expected to be comparable (Yokoyama and Nishitam 2004), the
observed discrepancy 15 lhkely because of available ramdly developing
bioinformatic tools (Figure 3). Consequently, the cwrently descmbed gene
families in mdividual species might m reality still be larger and incomplete.
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Calculated molecular weights of all encoded cotton chifinases were in the range
of 24 949 § kDa which are similar to these found m Araidopais 23.3-46.9 kDa
(Paszarinho and deVries 2002).

Intron-exon stroctures of cotton chitinases resemble some similanties wath
respect to enzyme classification (Figure 4). All class I chitinases have 2 infrons
and 3 exons. All class IV chitinases (except for the Gorai 011G137300) have 1
intron and 2 exons. In contrast, gene structures of Family 18 chitinases were
more vanable. Seven of eleven class Il members lack any infron; 3 genes
possess one intron and one gene (Goral (08G124300) contains 7 mtrons. Seven
of thirteen cotton class V chifinase genes possess one mntron. Frve of them have a
relatively conserved posihion of intron at the beginning of the gene. The other six
class V farmly members lack any mtron.

The chifinase genes in the Phytosome database were assigned to the five typical
confirmed this distmbution (Figure 2). In addifion fo these five typical classes, a
class VII chitinase has been desenbed and characterized by Li and Liu (2003).
We identified two more chitinases showing high sequence smmlanity to the class
VI chifmase found in the cotton genome (Figure 2 and 4). Typically, these
enzymes lack the CBD (Li and Lin 2003). While two of them
(Gora1011G005100 and Gorail0&GITEND) show responsiveness fo abiotic
stresses (Christianzon er al 2001; Padmalatha er al 20121; Table 2), the third
(Gorai. 011G198500) has been suggested fo play a role i fiber development
(Zhang D) et al, 2004).
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Figure 5 Genomic locahzation of &. raimondii chitinaze genes. Transenpt names and chitinase classes (in Roman digits) are grven in front of
localization. Mumbers of chromosomes are indicated under the cohimmns. Classes of chafinases are shown in quadrangles.

We retrieved data on the locahization of chitinase genes in clhromosomes of &
raimondii from the Phytorome database (Figure 5). The largest pumbers of
chitinase genes were located on the chromosomes 3, 11 (6 genes) and 6, 8 (5
genes). Many genes belonging to similar classes are co-localized. Only class I
chitinases are located on the chromosomes 4 and B, class I chitinases are only
present on the chromosomes 2 and 5, while only class V chitinases were
identified on the chromosome 1. On the other hand, clusters of chitinase genes
(small regpions of chromosomes where several genes are co-located) were
1dentified on the cotton chromosomes 1, 5, 6 apd 11. On the chromosomes 6 and
llthﬂemtmﬁlshersufdassﬂ’dmnases three class I chitinases were
chostered on the chromosome 5, and three class V chitmases are clostered on the
chromosome 1.

The chitinase genes in cotton are distributed along the almost enfire genome,
except for the single chromosome 12 (Figure 5). This distnbution 15 relatively
even comparnng with other species. For instance m 4 thaliona all the 24
chitinases were found in five chromosomes (Pazsarinho and de Vries, 2002),
while the largest oumber of chitinases belonged to chromesomes 2 (6 chitinases)
and 4 (9 chatmases). The majonty (30 of 37) of chifinase genes in P. trichocarpa
were posifioned on the chromosomes 8 of 19 (Jiang er al. 2013). On the other

Table I Expre

Ehushansm atal Eﬂﬂg

hand, co-locahsation of simular class chitinases in cotton appears as a common
feature. Similar pattern was observed in P. srichocarpa chitmases, where the
class I chitinases were localized on chromosomes 4 and 9, and class V chitinases
were located on chromosomes 6 and 18 (Jiang er al 2013). Similardy, mm 4.
thaliana the class IV chitnases were found on chromosome 2 and Class V genes
were positioned on chromosome IV (Pazsarinho and de Vries, 2002).

Since expression data are still unavalable for cotton in the Phytozome database,
the chitinase genes 1dentified were used as quenes for similanty search of the
PLEXdb database (Cotton PLEX). Expression data could be refrieved for a total
of B cotton chitinase genes (Table 2).

Microamay gene expression data were obtained on leaves and roots of
expernimental cotton plants in the context of flocding (Chriztianson er al 2009)
and drought conditions (Rodriguez er al 2014; Padmaltaha e al 2012) (Table
2). Aclope wath high sequence similanmfy fo the class IV clifinases
Goral 006G230700 was strongly responsive to drought m greenhouse condifion
(Padmalatha er al I011) and sigmficantly lower value was frue in field
expenments (Rodriguez er al 2014), however remained unaffected m flood-
exposed leaves and roots m a field study (Christianson e al 2009).

Rudngu.ez atal 2014  Padmalatha er al. 2012

Phytozome name Foot Leaf Leaf (field expeniment) Leaf (Greenhouse)
Class Control  Flooded Control Flooded Control Dirought Control Drought

Goran (05G257900.1 I 4.8 103 122 139 49 431 4.09 178
Goran (05G258100.1 I 10.05 11.82 708 629 7.03 T49 74 9.0

Goran (08G272000.1 m 1145 11.68 547 5.87 737 T.04 816 59

Goran (08G272100.1 m 505 695 5.86 6.5 734 652 949 11.78
Goran (08G124300.1 m 842 7.58 702 668 716 788 885 376
Goran (06G230700.1 Y 429 4092 335 31 548 385 172 507
Gora1 011G0H05100.1 VI 508 573 3.35 143 584 4.01 49 3.97
Goran (06GHTES00.1 VI 354 217 1.62 126 344 416 5.17 0.8

¥ Genes identified as responsive to given stress types are indicated bold

We detected six class I chitinase gene in cotton (Figure 4). One of them
{(Gora1 005G257900) has been reported as affected m flooded roots and n
drought stressed leaves (Table 1; Padmalatha ef al 2012). The other two class I
chitinases (Gorai 010G058%00 and Gorai 002G203600) have been described as
defensrve and mducible by SA and ethylene (Hudspeth er al 1996; Levorson
and Chlan, 1997, respectively). Previously, relatively low mumber of class I
chitinase was identified in Arabidopsis as active m roots and at lower levels m
leaves and flowers of aging plants (Passarinho er al. 2002).

A smgle class II chifinase gene in cotton contradicts the relatively hagher mumber
of 1dentified class II chifinases in other plant species (Figure 2 and 3). This class
of genes mught have evolutionary eveolved from class I chitinases and was also
desenbed for role dunng defense (Kirsch er al 1993; Ponath er al 2000; Meins
et al 1994). On the confrary, swprismgly hagh number of class IIT chitinases was
identified mn cotton, simalarly as m poplar but unlike in 4. thaliona. The three
expenimentally studied class III cotton genes are probably imvolved m the
processes other than adaptation to abiofic stresses (Table 2). The single class I
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chitinase in Arabidopsis was mduced by fungi, but not wounding, ethylene or SA
(Samac and Shah 1991).

Seven class IV chitnases were identified m cotton One of them
{(Gora1 006G2307T00) was mduced in leaves exposed to drought (Table 2,
Padmalatha er al 2012), and another (Gorai 011G137500) was found mduced n
wiliing leaf (Wang er al 2011). Class IV chitinases in other plant species were
proposed to be associated wath plant resistance agamst fimg (Lange e al 1996;
Nielzen er al 1994), viruses, and also abiotic stresses such as heavy metals and
UV wradiahion (Margis Pinhero er al. 1993). However Paszarinho and de-Vries
(2001) suggested that class IV chitinases are mveolved in developmental processes
rather than in defense.

Thirteen cotton chitmases belong to class V enzymes. Specific fimction for thas
rather diverse group of chitinases has not vet been attnbuted. They are suggested
to play a role in plant defense as well as development (Heitz er al 1994;
Melchers er al. 1994). Two class V chitinase genes in cotton together with class
II chitinase were significantly upregulated in cotton roots in response F. dahliae
and significantly increased following treatment with jasmonic acid and Hy0,.
Authors suggested that these genes may be invohred in plant resistance fo stress
(Xu er al 2016)

For some of the chifinase classes a typical role has been assigned. Most typically,
antifungal activity has been atiributed to class I and II chitinases (Neuhaus er al
1191) by bydrolyzing the cell walls of plant pathogenic fimg (Warge PAL 1975),
and'or by releasing ehicitors of defense reactions (Hadwiger and Beckman
1980). Furthermore, class I and class II chitinases were linked with antifreezs
actrvity in Secale cereale (Pihakaszlki-Maunsbach ef al. 2001; Nakamura er al
21008), and salt-adaptation in tobacco (Nicotiana tabacum) l{'hm et al. 1996). The
functional differences between individual (cotton) chitinase classes are, however,
not clear since chitinases of separate classes can reflect different chifin
recogmition levels. For example, Sasakd er al (2006) demonstrated that class I
and class III chitinases recogmize three contipnous M-acetyl ghicose amine
residues in different subsites. Furthermore, available expression data indicate that
some cotton chifinases of different classes might have overlapping functions. For
mstance, class I IV and VI chifinases might be defense-related due to
responsiveness fo several different abiotic stresses, ethylene or the stress
hormene salicylic acid (Chlan and Bourgeois 2001; Nielsen er al 1994; Li and
Lin 2003). In the past decade increasing amount of evidence indicates
mvolvement of chitnases in abiotic stress like metals (Bekésiova er al 2008),
cold and spring hardening (Zur er al, 2014), drought (Gregorova er al 2015).
However, these functions have not been attnbuted to a particular chitinase class
(Stmtz et al 1993). Researches that are more recent prove that chitinases are
actrvated in cotton upon apphcation of commonly used pesticides (Asrorov er al
2013; BEajendran e al 2011; Szezepaniec er al 2013). On the other hand class
IV chitmases have been suggested as markers of embryogenesis (Wiweger er al
21003). In cotton the chitinase gene comesponding to Goral 011G198500 has been
1dentified (Li and Lin 2003) as not similar to any of the typical plant chitmase
classes I'VI (Nenhaus er al. 1996). This unique chafinase, similar to class I and
class IT chifmases to only 30%, was defined as belonging into a separate class
{elass VII chutinase), and 15 abundant in fibers and in the seedling roots (Li and
Lin 2003). More detailed stuctural and expression analyses suggested that the
two closely related cotton genes, GhCTL] and GhCTL2, can be preliminanky
classified as chifin binding lectins. They hkely lack hydrelytic activity, while the
chitinase activity m fiber 15 attnbutable to the expression of authentic chitinases
along with putatively non-hydrolytic GhCTL1I/GhCTL? (Zhang er al 2004).
These specific cotton chitinase inihiates fiber wall thickening via the deposition of
helical cellulose muerofibnils m secondary walls (Zhang e al 2004), but
mducibility with salicylic arid and ethylene indicates additional role in defense
(Li and Lin 2003; Hudspeth ef al 1996; Levorson and Chlan er al 1997). The
exact mechanism of achon of these genes in fiber formation, however, remains to
elucidate.

CONCLUSION

In summary, we identified the members of chifimase gene fapmly m cotton using
bioinformatics tools. The available genome data enable a more detailed analy=is
of cotton chitinase genes both in silico as well as experimentally. Especially the
gene expression data have fo be extended in near futwre to improve our
knowledgze on the prvotal role of chitinases not only m processes of adaptation to
environment, but also in important developmental processes like fiber formation.
The obtained results can be a valuable basis for the funchonal studies of these
gene family members in basic- as well as applied cotton research.

EEFERENCES

Asrorov A, Sultanova E, Veshkurova O, Sattarov N, Ehodjayev Sh, Salikhov Sh.
2013. Effects of different classes of insecticides on the activity of hydrolases in
cotton plant leaves. American-Ewrasian Jowrnal af Agricultural & Envirommental
Sciences, 13(3), 296-300. http-//dx dor crg10.5829/1dos1. aejaes. 2013.13.03.1926
Bu B, Qm, D, Zeng H, Gue, L., Yuan, J, & Yang X 2014. A fungal protein
elicttor PevDl] induces Ferticillium wilt resistance in cotton. Plant Cell Reports,
33(3), 461-470. bitp.idicdog org/10 1007/500209-013-1 53467

1288

Chlan, C. A, & Bouwrgenois, K. P. 2001. Class I chitinases in cotton (Gosgpium
hirsutum): chalac’hmza‘nom, expression and purification. Plant Science, 161(1),
143-154. httpoVde dojorz/10 1016/ 30168 3452011003983

Chrishianson, J. A& Llewellyn D). J, Denmis E. 5., & Wilson, I W. 2009. Global
mmwhwﬂeﬂuggmgmmﬂsmﬂhmufﬂm
(Gospypium  hirsumm L),  Plamt Cell Physiology, 51(1), 2137
hitp:dxdoi org/10. 1093 pepipepl 63

Cletus, J., Balasubamanian WV, Vashisht D, & Sakthivel M. 2013. Transgenic
expression of plant chifinases to enhance disease resistance. Biotechnology
Latters, 35(11), 1719-1732. hittp:dx dol ors 10 1007/510529-013-1263-4
Dubery, L A | Slater, V. 1997. Induced Defence Responses in Cotton Leaf Disks
by Elicitors from Ferticillium dahliae. Phytochemiziry, 44(8), 1429-1434
hitp:dx doior/10 1016750031 -4 22(06WI0635 -8

Ebrahim 5., Usha, K | & Singh B. 2011. Pathogenesis Related (PR} Proteins in
Plant Diefense Mechanizm. In: 4 Méndez-Vilas (eds) Science agamst microbial
pathogens: commumcating current research and technological advances. 3rd edn
Badajoz, Spain, Formatex Fesearch Centre Publisher. p. 1043-1054.

Grzham, L. 5., Stoicklen, M. B. 1994, Plant clutnases. Canadian Jowrmal of
Botany, 72, 1057-1083.

Gregorova, Z., Kovadik, T, Elejdus, B., Maglovski, M., Euna, E., Hauptvogel,
P, & Matniikeva, I 2015. Drought-Induced Responses of Physiclogy,
Mela]}uhtﬁ and PE. Proteins in Triticum aestivum. Jowrnal of Agriculmral and
Food Chemistry, 63(37), 8125-8133, hitp:Vdx doi: 10,1021 /acs jafc SHOIIS]
Hadwiger, L. A, Beckman, J. M. 1980. Chitosan as a component of pea-
Fuzarium  solami interactions. Plamt Physiology, 66(2), 205-211.
hittp-/idx doi-10.1104/pp. 66.2. 205

Hamid B Ehan M A Ahmad M. Ahmad M M., Abdin M. Z Musamat, T,
& Javed, 5. 2013, Clutinases: An update. Jowrmal of Pharmacy and Bicallied
Sciemces, 3(1), 21-29_ http://dx doi:10.4103/0975-7406.106559

Haitz, T., Segond, 5., Eauffmann 5., Geoffroy, P., Prasad, V., Brunner, F.,
Fntig, B Legrand, M. 1994 Molecular charactenzation of a nowel toba.ccu
paﬂmga:l.em -related (PR) protein: a new plant chitinaselysozyme. Molecular
and General Genetics, 245(2), 246-254. hitp-//dx ded.org/10. 100 T/BF00283273
Hudspeth B L. Hobbs, 5. L, Anderson, D. M., & Gmla, T W. 1996
Characterization and expression of chitinase and 1,3-beta-glucanase genes m
cotton Plant Molscular Biology, 3143, 911-916.
http://dx.doi.org/10. 1007 BE00019478

el B., Armmand, 5., Beller, T., Neuhaus, J. M, & Hennssat, B. 1996. Plant
chhnassusem different Ixydml'_'.rhi:medumsms FEBS Letterz, 382(1-2), 186-
188.

hang, G., Huang, B F., Song, J. L, Huang, M. B, & Xu, L. A 2013
Genomewide amalysis of the clofmase gene family in Populus trichocarpa.
Journal of Gemetics, 92(1), 121-125. http://de.doiorg/10.1007/s13041-013-
03236

Eeen, N. T, Dawson, W. 0. 1192, Pathogen avimlence genes and elicitors of
plant defense. In: Boller T., Meins F. {eds.} Genes Involved m Plant Defense,
New Yook, Sprnger-Verlag. p. 85-114.

Eim ¥. 5, Lee, I. H Yoon, G M, Cho, H S Park 5. W, Suh M. C., Choy,
D, HaH J Liu J F Pa H S 2000. CHEE], a chitinase-related receptor-like
kinase m tobacco. Plant Physiology, 123(3), 905-916. hitp://dx dod.orz/10.1 104/
Lange, J, Mohr, U, Wiemken A Bolle T, & Vogeh-Lange, B 1996,
Proteolytic processimg of class IV chitinase in the compatible mteraction of bean
roots with Fusarium solani. Plamt  Physiology, 111(4), 1135-1144
hitp-dw doi-10.1104/pp. 111 4.1135

Levorson, J. P, Chlan, C. A 1996 Lsolation of a genomme DMA clone from
Gossypium  horsutom  with hogh simlanty to Class I endochihinase plant
sequences (Accession Mo US019THPGER96-054). Plant Physiolegy, 111, 1354,
Levorson, J. P, Chlan, C. A. 1997, Clonng of an Ethylene-Fesponsive Chitmase
from Cotton (Accession Mo UT5888) (PGRYT034). Plamt Physiology, 113, 665.
Li, I, L, J. Y. 2003. A Movel cotton gene encoding a new class of chitinase.
Arta Botanica Sinica, 45(12), 1489-1496_

Lin BT, Li H F Shen C. Y & Chin, W.F. 1995, Detection of pathogenesis-
related proteins in cotton plants. Physiological and Molecular Plant Pathology,
47(8), 357-383.

Margis-Pmheiro, M., Martin, C., Didierjean, L | & Burkard, G. 1993. Dhffierential
ﬂprﬁnmofbemchhﬂasegmsbyxmﬁeﬁhﬂn,ch&malmtmmmdw
iradiation. Plant Molecular Biology, 22(4), 659-668.

Meins, F., Frtig, B., Linthorst, H 7. M., Mikkelsen, J. D, Nenhans, J. M., &
Eyals, 1. 1994, Plant chitinase genes. Plamt Molecular Biclogy Reporter, 12, 22-
28.

Metwally, A, Safronova, V. L[ Belimow, & A & Dhetz, E. I 2005, Genotypic
variation of the response to cadmivm toxicity mm Pisum sativum. Jowmal aof
Experimental Botany, 56, 167-1T78.

Makamra, T., Ishikawa, M., Nakatam, H., & Oda, A 2008. Charactenzation of
cold-responsive extracellular chitinase mm bromegrass cell cultures and is



http://dx.doi.org/10.5829/idosi.aejaes.2013.13.03.1926
http://www.scopus.com/authid/detail.url?authorId=56034628000&amp;eid=2-s2.0-84893899112
http://www.scopus.com/authid/detail.url?authorId=24167354100&amp;eid=2-s2.0-84893899112
http://www.scopus.com/authid/detail.url?authorId=35182387700&amp;eid=2-s2.0-84893899112
http://www.scopus.com/authid/detail.url?authorId=54380115100&amp;eid=2-s2.0-84893899112
http://www.scopus.com/authid/detail.url?authorId=56035468600&amp;eid=2-s2.0-84893899112
http://www.scopus.com/authid/detail.url?authorId=7406504668&amp;eid=2-s2.0-84893899112
http://dx.doi.org/10.1007/s00299-013-1546-7
http://dx.doiorg/10.1016/S0168-9452(01)00398-3
http://dx.doi.org/10.1093/pcp/pcp163
http://www.scopus.com/authid/detail.url?authorId=13003472300&amp;eid=2-s2.0-84885637689
http://dx.doi.org/10.1007/s10529-013-1269-4
http://dx.doi.org/10.1016/S0031-9422(96)00635-8
http://dx.doi:10.1021/acs.jafc.5b02951
http://dx.doi:10.1104/pp.66.2.205
http://dx.doi:10.4103/0975-7406.106559
http://dx.doi.org/10.1007/BF00283273
http://dx.doi.org/10.1007/BF00019478
http://dx.doi.org/10.1007/s12041-013-0222-6
http://dx.doi.org/10.1007/s12041-013-0222-6
http://dx.doi.org/10.​1104/​pp.​123.​3.​905
http://dx.doi.org/10.​1104/​pp.​123.​3.​905
http://dx.doi:10.1104/pp.111.4.1135

J Microbiol Biotech Food Sci / Asrorov eral 2017 - 6 (6) 1284-1289

relationship to  antifreeze  actvity.
http-/fdx dot.org10.1104/pp. 106.081497
Meuhans, T M., Sticher, L, & Meins_ F (Jr)., Boller, T. 1991. A short C-terminal
sequence 1s necessary and sufficient for the targeting of chitinases to the plant
vacuole Procesdings of the National Academy of Sciences US4, 88(22), 10362-
10366. hitp:/'dx doi.org/10.1073/pnas 88.22.10362

Mielsen, E. E | Bojsen, K| Roepstorff, P, & Mikkelsen, J. D. 1994 A
hydroccyproline-contammmg class IV chitinase of sugar beset 15 glycosylated wath
xylose. Plant Molecular Biology, 25(2), 241-257.

Padmalatha, K V., Dhandapam, ., Kanakachan M., Eumar, 5., Dass, A Panl,
D. P Rajamani V., Eumar, K| Pathak B Rawat, B., Leelavathi 5., Reddy, P.
5. .Tau:l,'N Powar, K. N, Hiremath V., Ka‘lagm,].ﬂ Reddy, M. K | Solanke
A_U , Reddy, V. 5., & Eumar, P. A 2012, Gmmmd.emsulpmm.canah'su
ufmtnmmnﬂﬁdmghsmﬁsmrealslgmﬁmdummgﬂatmuufgﬂ:esand
pathways involved m fibre elongation and up-regulation of defense responsive
genes. Plam Molscular Biology, T8(3), 223246,
Passaninho, P. A deVmes, 5. C. 2002, Arabidopsis Chitinases: a Genomic
Survey. The Arabidopsis Book, Amencan Society of Plant Biclogists. p. 1-25.
Pihakaski-Maunshach K., Meffatt, B, Testillano, P, Risneno, M., Yeh 5.
Gnffith, M., & Maunsbach, A B. zum Genes encoding chitmase-anhifresze
proteins are regulated by cold and expressed by all cell types in winter rye shoots.
Physiologia Plamtarum, 112(3), 359-371. hitp://dx doiorg/10.1034/7. 1339
2054 20011120300 x

Ponath, ¥, Vellberg, H., Hahlbrock, E | Eombnnok, E. 2000. Two differentially
regulated class II chitmases from parsley. Biological Chemistry, 381(8), 667-678.
hitp:Vdx dolore10. 151 5/BC 2000 087

Ponstemn, A S, Bres-Vleemans, 5. A, Sela-Buurlage, M B, vanden Elzen P. J.,
Melchers, L. 5, & Comelissen, B. I. 1994, A novel pathogen- and wound-
mducible tobacco (Nicotiama fabacum) protein with antifimgal activity. Plant
Physiology, 104(1), 109-118. http-Vdx dojor=/10. 110400 1041100

Rajendran, L., Famanathan A, Dwewaj, C., & Samiyappan, E. 2011
Endophytic Bacillus subtilis ennched with chitin offer induced systemic
resistance In cotton agamst aphid infestahion. Archives of Plntopathology and
Plant Protection,_14, 1375-1389.

Reissig, J. L, Strominger, J. L., & Laleir, L. F. 1955, A Modified Colonmetric
method for the estimation of MN-acetylamino sugars. Jowrmal of Biological
Chemiztry, 217(2), 959-966.

Rodriguez-Unbe, L., Abdelabhesm A, Tiwan, E., Sengupta-Gopalan, €.,
Hughs, 5. E., & Zhang, J. 2014. Identification of drought-responsive genes m
adrought tolerant cotton (Gosppium hrsumem L) culfivar under reduced
mmgation field condiions and development of candidate gene markers for
drought tolerance. Molscular Bresding, 344, 1777-1796.
bttp-/fde doa. 10.1007/511032-014-0138-8

Samae D A Hironaka C. M, Yallaly, P E. & Shah D M 1990. Isclation and
characterization of the genes encoding basic and acidic chafinase in Arabidopsis
thaliana. Plant Physiology, 93(3), 907-914.

Samae, D A, Shah D. M 199]. Developmental and pathogen-induced
activation of the Arabidopsis acidic chitmase promoter. Plamt Cell, 3, 1063-1072.
hitp:/idx doi.org/10.1105/tpe.3.10.1063

Sasaki, C., Vamom, K M., Itoh, ¥, & Fukamuzo, T. 2006. Bice chitinases: sugar
recogmtion specificities of the mdividual subsites. Glheobiology, 16(12), 1242-
1250, -fid= doi org/10.1093/ zlyeobiewl (43

Stintm, A Heite, T., Prasad, V., Wiedemann-Merdinoghn, 5., Eauffmann 5,
Geoffroy, P, Legrand, M., & Fntg, B. 1993, Plant ‘pathogenesis related
proteins and their role in defense against pathogens. Biochimie, 75(8), 687-T06.
hitp:/idx doi.org/10.1016/0300-9084(93)90100-7

Suzuki, K | Taryoyi, M., Sugawara, M., Nikaidou M., Henrissat, B., & Watanabe,
T. 1999. The third chitinase gene (chiC) of Serratia Marcescens 2170 and the
relationship of its product to other bactenal chifinases. Biochemical Jowrmal,
343(3), 587-396.

Szezepamiec, A Raupp, M. T, Parker, B D Eemns, D & Eubanks M. D 2013,
Meomcotineid insecticides alter induced defenses and increase susceptibility to
Spider Mites in distantly related ecrop plants, PLaS ONE 875
hito/da doi 1013705 - 0062620

Wang, F. 3, Ma, Y. P, Yang, Ch L, Fhao, P. M, Yao, ¥, fian, GL. Lue,
YM., & Xia, GX 2011. Proteomic analysis of the sea-island cotton roots
mfected by wilt pathogen Ferticillium dahlias. Protsomics, 22, 429643109
hitp:/idx doi.org/10. 1002 /pmic 201 100062

Warge, P. M. 1975, Ly=is of the cell wall of Armmllania mellea by enzymes from
forest trees. Physiological Plant Pathelogy, 5, 99-105.

Wiweger, M. M., Farbos, L, Ingouff, M., Lagercrantz, U, & von Ameld, 5.
2003. Expression of Chid-Pa chitinase genes during somatic and zygotic embryo
development in Norway spruce (Picea abies): similanties and differences befwen
gymnosperm and angiosperm class IV chifinases. Jowrmal of Experimental
Bogany, 54, 2691-2699. /e dod o 5:/dolorg10. 1093 /xb/|

Plant Physiology, 147(1), 391401

1289

Mu, I, ¥u, X, Tian, L. Wang, G., Zhang, 3., Wang, X, & Guo, W. 2016
Ihs:mmamildmtﬁnatnnufcamhﬂategmﬁmnﬁgchmnasegﬂ:eﬁlmly
for Ferticillium dahlize resistance iIn cotton. Sciemtific Reports, 6 1-12.
hitp:dx doi ore/10. 1038 5rep 20023

Yun D J, D'Urzo, M. P Abad, L, Takeda, 5., Salzman B, Chen 7. Les H
Hasegawa, P. M., & Bressan, B A 1996 Novel osmotically induced antifungal
chitinases and bacterial expression of an actve recombinant isoform. Plame
Phyziology, 111(4), 1219-1225,

Zhang, D, Hmova, M., Wan, C. H., Wu, C, Balzen, J, Cai, W., Wang, T,
Densmore, L. D, Fincher, G. B, Zhang, H | & Haigler, C. H 2({4. Members of
a new group of chitinase-like penes are expressed preferentially m cotton cells
with walls. Plamr Mbolecular Biology, 354, 333-37L
hittp-/dx doi org/10.1023/B-PLAN 0000036369.55253 dd

Zur, I, Golebiowska, G, Dubas, E., Golemiee, E., Matuiikova, I, Libantova, T,
& Moravéikova, J. 2013, B-1,3-glucanase and chitinase activities m winter
tnticales during cold hardening and subsequent infection by Microdochium
nivale. Biologia. 68, 241-248. hifp//dx dol.orz10. 2478/511756-013-0001 -0
Yokoyama, B, Nishitams, E. 2004, Genomic basis for cell-wall diversity mn
planis.Ai:umpanﬁveappu‘mchm gene families in nice and Arabidopsis. Plant
Cell Physiology, 45, 1111-1121. bttpc/idx doi.org/10.1093/pep/pch151



http://dx.doi.org/10.1104/pp.106.081497
http://dx.doi.org/10.1073/pnas.88.22.10362
http://dx.doi.org/10.1007/s11103-011-9857-y
http://dx.doi.org/10.1034/j.1399-3054.2001.1120309.x
http://dx.doi.org/10.1034/j.1399-3054.2001.1120309.x
http://dx.doi.org/10.1515/BC.2000.087
http://dx.doi.org/10.1104/pp.104.1.109
http://dx.doi.10.1007/s11032-014-0138-8
http://dx.doi.org/10.​1105/​tpc.​3.​10.​1063
http://dx.doi.org/10.1093/glycob/cwl043
http://dx.doi.org/10.1016/0300-9084(93)90100-7
http://www.scopus.com/authid/detail.url?authorId=6504599066&amp;eid=2-s2.0-84877286401
http://www.scopus.com/authid/detail.url?authorId=6603821079&amp;eid=2-s2.0-84877286401
http://www.scopus.com/authid/detail.url?authorId=7402752975&amp;eid=2-s2.0-84877286401
http://www.scopus.com/authid/detail.url?authorId=7005445674&amp;eid=2-s2.0-84877286401
http://dx.doi.org/10.1371/journal.phone.0062620
http://dx.doi.org/10.1002/pmic.201100062
http://dx.doi.org/https:/doi.org/10.1093/jxb/erg299
http://dx.doi.org/10.1038/srep29022
http://dx.doi.org/10.1023/B:PLAN.0000036369.55253.dd
http://dx.doi.org/10.2478/s11756-013-0001-0
http://dx.doi.org/10.1093/pcp/pch151

Journal of Microbiology, Biotechnology and Food Sciences
[nternational pesr-review ed scientific online journa

Fublished by
Facalty of

Biotechnology amid
Food Sciences

IN VITRO EFECTS OF SELECTED BIOLOGICALLY ACTIVE COMPOUNDS ON RABBIT SPERMATOZOA
MOTILITY BEHAVIOUR

Michal Duracka, Marek Halenar, Eva Tvrda*

Addressfes): MSc. Eva Twrda, PhD
Slovak university of Agnculture, Faculty of Biotechnology and Food Sciences, Department of Animal Phy=siology, Tr. A. Hlinku 2, 949 76 Mifra, Slovakia, +421-37-

641-4218.

*Comesponding author: evina tvrdai@lzmail com

doi: 10,1541 4 jmbfs. 201 7.6.6.1290-1194

ARTICLE INFO

Fecerved 7. 3. 2017
Revised 12. 4. 2017

Accepted 16. 5. 2017
Published 1. §. 2017

OPEM aﬂ!s;

ABSTRACT

The aim of this study was to evaluate the in vitro effects of selected pure naturally occowring biologically active compounds (resveratrol-
EES, quercetin-QUE, curcumin-CUR, epicatechm-EPI, isoquerciinn-IS0) on rabbit sperm motility usimg the IDENT staining method
and the computer-azded sperm (CASA) analysis. Semen samples were collected regularly from 10 male rabbits, pooled, the seminal
plasma was removed and the sperm frachon was exposed to different concentrations (1, 5, 10, 50 and 100 pmolLl) of chosen
biomolecules. At culture times of Oh, 2h, 4h 6h and 8h, the spermatomoa motility was assessed using the TOX IVOS I CASA system
and the IDENT fluorescent staimng method The motility assessment revealed different behavior patterns, specific and unique to each of
the studied biomolecules. After 8h of in vitro culture, the highest sperm motlity was detected in experimental groups subjected to 10
pmelT. EES (P=0.05); 1-10 pmelT. QUE (P=0.01 with respect to 1 pmol/L. QUE; P={0.00] in case of 5 and 10 pmelL. GUE); 1 pmolL
CUR (P=0.01); 1-100 pumolL EPI (P=0.0]1 m relation to 50, 10 and 5 pmelL. EFT;, P=:0.001 with respect to 100 and 1 pmolT. EPT) and
10 pmel ISO (P=<0.05) when compared to the unireated Control. Cur data provide evidence on specific tocic and beneficial
concenfrations as well as exposure periods applicable for each biomolecule, which may be useful for future in vitre farmagological or
toxacological studies on male reproduction in rabbats.

Keywords: Spermatozoa, rabbit, resveratrol, querceting curcumin, epicatechin, isoquercitnn

INTRODUCTION

Cuwrrent evidence suggests that ocwxidative stress (0S) represents an important
factor m male reproductive dysfunction. An increased concentration of abnormal
spermatozoa generating free radicals (FRs) and a reduced antoxidant capacity of
semen, which has been reported m animals and humans, are fwo dominant factors
underlying seminal OS5 (Aitken er al, 1991; Tvrda er al, 2011). At the same
fime, a specific cellular structure leaves spermatozoa to be uniquely vulnerable to
oxidative msults. Sperm plasmatic membranes contam large quantities of
pobyunsaturated fatty amds, while their cyvtoplasms lack sipmificant amounts of
FR scavengers (Buettner, 1993), leading to an icreased nisk of coudative damage,
and subsequently a decreased semen qualty (de Lamirande and Gagnon,
1993). Furthermore, FR overproduction may result in increased morphological
defects, alterations fo sperm capacitation and acrosome reaction, all of which are
related fo a compromised fertility (Agarwal eral , 2014).

Recently, a mumber of reports have emphasized on the positive effects of oral
antioxaidant admonistration on male fertility in animals and bumans (Donnely er
al, 1999; Apgarwal and Sekhon, 2010). On the other hand, studies focused on
the in wvitro effects of anbowodants on spermatozoa are stll very sparse,
controversial or contradictory. The in vitro data are nevertheless mmportant, as it
spermatozoa against oxdative mjury and a subsequent dysfunction Such
knowledge 15 essential for spermatozoa processing protocols performed m
medical or vetermary andrology for spermatozoa cryopreservation or assisted
reproductive technologies (Saleh and Agarwal, 2002).

Administration of synthetic antioxidants to cell cultures is an efficient strategy to
prevent 5. However, the safety of synthefic additives has been under a constant
debate, rarsing the potential of naturally ccommng compounds with andicecidant
properties becanse of thewr chemacal drversity, structural complexity, availablity,
lack of sigmficant toae effects and intnmsic hologie actrvity (Alarcon de la
BRastra, 2008).

In this study, we followed a systematic approach to assess the im vitro effects of 2
wide range of pure flavonoid (guercefin, epicatechin, Isoquerciinn) and
polyphenche (resveratrol, curenmin) compounds on rabbif sperm motility, one of
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the physiclogical manifestations of their fertihzmg ability. Furthermore, we have
vahdated the fluorescent-based rabbaf sperm motilfy assessment using the
IDENT staining method and the computer-aided sperm (CASA) analy=is.

MATERTAL AND METHODS

Ten male rabbits (Mew Zealand white broaler line) were used in the expeniment
The animals were 4 months old, with a weight of 4.0:02 kg and kept at an
expenimental farm of the Animal Production Research Centre Mifra, Slovak
Eepublic. The rabbits were housed m a partally air-condifioned rabbit house
under a photopenod of 16L:8D (3 munimmm light intensity of 80 hix), kept m
indrvidual cages and fed with a commercial diet. Water was provided ad libinum.
The air temperature of 20-24 °C and relative bunmdity of 65% were maintamed in
the rabbit house. Insttutional and national gpwdelines on the care and use of
ammals were followed, and all the expenmental procedures were approved by the
State Veteninary and Food Institute of Slovak Republic (no. 3398/11-221/3) and
Ethies Committes

Omne ejaculate was collected from each r=bbit on a regular collection schedule
(twice a week for two consecutive weeks) using an artificial vagina. Immediately
upon collection, the sperm concentrafion and motility were assessed in each
gjaculate. Only samples with a minmmum motility of 60% were used m the
expeniments. Indrvidual ejaculates were mixed topether m order to acqmre a
peoled sample of rabbit semen.

The resulting semen sample was centmfuged (300 x g) at 25°C for 5 min, semmal
plasma was removed and the sperm pellet was washed fwice wath PBS
(Dulbecco’s phosphate-buffered saline without caleium chloride and magnesim
chloride; Sigma-Aldnch, 5t Lowms, MO, TUSA), resuspended in a culfure medium
consisting of PBS, 5% glocose (Centralchem, Bratislava, Slovak Fepublic) and
4% BSA (bovine serom albumin, Sigma-Aldnch). Each expenmental group was
exposed to a different concentration (1, 5, 10, 50 and 100 pmolL) of a chosen
biomolecule (resveratrol, quercetin, curcumin, epicatechin, isoquercinn; Sigma-
Aldnch) using a dilohon ratio of 1:20. The Confrol group camied no
supplementation. The samples were culfured at 37 *C.
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At culture tmes of Oh, 2h, 4h, 6h and 8h, the spermatoroa motility (percentage of
motile spermatozoa; motility = 5 pm's; %) was assessed using the computer-
aided sperm analysis (CASA; Version 14.0 TOX IVOS IL; Hamilton-Thome
Biosciences, Beverly, MA, USA) In order to standardize a fluorescent
assessment of sperm activity, the samples were stained using the IDENT stam, a
DMA-specific dye based on Hoechst bishenzimde (Hamilton-Thormne
Biosciences). The IDENT dye provided m Eppendorf tube was diluted with 1 ml.
of the culture medium and mixed with the sample nsing a rhio of 1:1. Following
a 10 mun meubation in the dark, the sample was analyzed under fluorescent
dlominafion. The system was set up as follows: frame rate - 30 at 60 Hz, dark
field; mininmm contrast - 50; static head size - 0.28-4.30; static head infensity -
0.12-2.92; static elongation - 3-97; mommum cell size - 7 pixels; default cell
mtensity - 70, magnification - 1.75, lumination mtensity - 2198. Ten pL of each
sample were placed info the Makler counting chamber (depth 10 pm, 37 °C; Sefi
Medical Instruments, Haifa, Isrzel) and immediately assessed. 10 mucroscopic
fields were subjected to each analy=is in order to inclode at least 300 cells.

All the data were subjected to statisbical analysis using the GraphPad Prnism
program (2 3.02 version for Windows, GraphPad Sofiware meorporated, San
Dhego, Califormia, USA, http:/'www_ graphpad.com). The results are quoted as
the anthmetic mean + standard error of mean (SEM). The comparative analysis

was camied out by a one-way ANOVA with the Dunnett's post test. The level of
significance for the analysis was set at " P=0.05; * P=0.01; ™ P=0.001.

RESULTS AND DISCUSSION
Resveratrel (RES)

The CASA assessment revealed a contionous decrease of spermatoroa motility
and in all groups over the course of a 8h in virre culture (Table 1). The mitial
(Tmme 0b) MOT was higher in the expenmental groups supplemented with 5 and
50 pmoll. REES when compared to the Control group, although without any
stafistical sigmficance (P=0.053). Despite being statishieally insizgmificant, a
motion-promoting effect of RES remained notable after 2h, spemifically followmg
the addition of 1, 5 and 50 pmolT. RES. A significantly lugher (P=20.05) MOT
was detected m case of | and 5 pmolT. RES following a 4h culture. After 6h, the
supplementation of a concentration range of 1-10 pmolL. RES (P=0.001). At the
end of the experiment (8h), elevated mohlity was observed in the expenmental
group supplemented with 5 pmell. EES, bemg significantly higher m
compansen with the Control (P<0.05) (Table 1}.

Table 1 Time- and dose-dependent effects of resveratrol (EES) on rabbit spermatozoa motility [%a]

Crl 100 pmol . RES 50 pmolL RES 10 pmolL RES 5 pmolL RES 1 pmel'L RES
ih 80553233 689716 59 81.904+8 21 T3 981555 §2 9818 32 73.9516.87
h £9.0334.02 61.09+7.00 T2.96+6 98 690914 76 789917 89 T73.5638.00
4h 59121333 53984 44 58.90+6.09 688913 44 73 .9816.02% 9 9815 90*
6h 37551299 43 9813 99 469713 98 560015 55%% 637915 gpF*s 60 9815 go¥*=
3h 20.0441 88 11981209 15.04400.67 14901123 299912 o+ 23.1922.00
MeamrSENL - P=0.05; - P=0.0L; " P=0.001

RES has recently emerged as a complex biomolecule due to its wide range of
cardiovascular, anticancer, anfumflamatory and protective effects (Calabresze er
al, 2010). Although no distinct toxicity was reported in vive (Cottart er al,
2010}, in vitro expeniments show that low EES doses improve cell survival, while
high doses merease cell death (Brown eral , 2009).

Crar CASA results are contradictory to Cellodel er al. (2010) who evaluated the
effects of REES on human spermatozoa. Unhke our results, 100 pmeolT RES
exerted cytotoxic actvities against spermatozoa o a dose dependent manner. The
LD50 was defined as 50 pmoll. EES, spermatocytes were more sensitrve to the
harmful effect of RES wath a ID50 between 30 and 50 pmolT. While at 100
pmolT. BES the rabbit sperm motility was decreased in a non-significant manner,
human sperm meotbty in the above mentioned sudy was absent. Moreover,
Tvrda er .n[ (2015b) reported a sigmificant decrease of bull sperm mohhiy
following exposure to 100 or 200 pmeolL. EES during a 24 in vitre culiure. The
differences m our results may be explamed by the sample type which was
collected from rabbits as opposed to humans or bulls respectively, as well as a
shorter exposure to the biocompound On the other hand, the stmulating effects
of lower (1-5 pmoll) RES concentrations detected by our IDENT CASA
technique are mn agreement with Tvrda er al. (2015a;b) who emphasize on the
beneficial and protective effects of a concentration range of 5-30 pmolL. EES on
the motion behavior, mitochondnal actraty and intracellular supercwds
production by bovine sperm cells. Furthermore, m an i vwitre human study,
progressive motility reached high values between 6 and 15 pmelT EES
{(Collodel er al , 2010).

Crar CASA records are in agreement with Mojica-Villegas e al. (2014) who
reported that a pretreatment with 15 pmelL. RES 15 mun pror to incubation with
ferrous ascorbate (FeAA) showed an 8.0-fold merease m murine spermatozoa
motility. On the other hand, spermatozoa motility dimmished in spermatozoa
cryopreserved with EES comparably to the control m the studies by Pazqualotto
er al (2006) and Garcez er al (2010) Furthermore Silva e al (2012) reported
that the additon of RES before eryopreservation did not sigmificantly affect

progressive motility, vigor, acrosome Integrify, or plasma membrane integrity. In
the meantime, Sarlos er al (2001) recorded a higher motility and acrosome
integrity of ram spermatorea supplemented wath RES after their storage at 5 C
for 6 days. Simalar results were reported in studies focused on swim-up selected
human spermatozoa where low RES doses led to a higher progressive motility
(Collodel er al., 2010).

Quercetin (QUE)

The CASA examination revealed an immediate (Time Oh) but msignificant
(P=0.05) motion-promoting effect of QUE, specifically in experimental groups
exposed to 1 and 10 pmell of this flavonoid (Table 2). Beneficial effects of
QUE remained wisible although non-sigmificant (P=0.05) at Time 2h, and
covering all the concentrations apphed to the expermmental groups. After 4h
spermatozoa motion was sigmificantly higher m the experimental groups
supplemented with 1, 5 (P<0.05) and 100 (P=-0.01} pmeoll. QUE. Nevertheless,
motility evalution at 6h revealed a rapad decline of rabbat sperm motion exposed
to the highest QUE concenfration, resulting in a sigmificantly lower MOT
compansen with the Control (P=0.01). At the same time, sperm motlity
promotng properfies of low QUE concentrafions were confirmed, leading to
a agher MOT (P=0.00] in relation to 1 pmel . QUE; P=20.05 with respect to 5
pmel . QUE; Table 2} when compared to the Control At the end of the
expeniment (8h), a sigmificantly higher spermatozoa MOT was observed m
expenmental groups supplemented with a range of 1-10 pmel. QUE (P=0.01
with respect to 1 pmolL. QUE; P=0.00] in case of 5 and 10 pmolT. QUE).
Meanwhile, the MOT assessment revealed a decreased bias in the expenmental
group supplemented with the lighest concentration of QUE (100 pumol/L), after a
compansen with the Cirl group (P=0.001).

Table ! Time- and dose-dependent effects of quercetin (QUE) on rabbit spermatozoa motility [%a]

Cirl 100 pmolT. QUE E0 pmol L. QUE 10 pmelL. QUE 5 pmol’L QUE 1 pmolL QUE
Ik 80.551233 T6.16326.09 79981555 80.8019.01 77.5514323 81453290
Ih 69.0314.02 74553455 77343399 TI.77TH6.09 74233290 T7.6413 39
4h 59124333 73243 99 68.091522 67.6715.02 73.89+322° 72 76t4.44°
6h 37.551299 16.90+1.20™ 20901333 29124231 47 66+1.99° 60,774 44™
5h 20,0411 88 9 0940.35™ 18.07+1.77 412142 33 42 2442 12° 39.03+2. 22"
MeamtSEM. P05 P=D0l;  P=0.001

Cercetin 15 a common dietary flavonoid, reported to exhibat a broad vanety of
favorable biclogical effects (Aberne and (°Briem, 2000), hence it 15 not a
surprise to find reports focused on assessing its mmpact on male reproductive
performance.

Improved motility recorded after JUE administration to the rabbit sperm medium
m our study disagress with earhier reports, according to which QUE compromised
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buman sperm motihty (at 3200 pmoll QUE) and wiability (30-100 pmolT
QUE), coinciding with Ca’™-ATPase ion, and leadmg to the loss of
sperm motion (Khanduja et al, 2001). In addrfion, thiz bicmolecule exhibited a
significant mhibatory impact on the hyaluronidase activity and sperm penetration
ahility of non-capacifated, capacitated and acrosome-reacted Cymomolgus
monkey sperm in a dose-dependent manner (Li et al, 1997). Talking in favor of
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our results, Tvrda er al. (2014; 2016b) did suggest protective effects of QUE on
bovine sperm motion activity when incubated over a period of 24 h (Tvrda er al,
2014) or without the presence of seminal plasma (Tvrda er al, 2016), although
we must acknowledge that mn case of a broader concentration range, QUE may
act dose dependently as either a stimmlant af low concentrations or as an inhibitor
at high doses (Taepongzorat erf al., 2008). This controversy was validated in vive
when Aravindalshan er al. (1985) revealed that treatment with higher (UE
doses (300 mg'kg body weight) reduced the ferhlity rate of male rats, while
Taepongsorat er al. (2008) showed that inframusenlar admimstration of 90 and
270 mg QUE%kz body weight'day led to sigmficant mmprovements in the
spermatozoa concentration, motility and viability.

Mazzi er al. (2011) and Moretti er al (2011} compared the potential of quercetin
and resverzfrol on buman sperm meubated with tert-butvlbydroperoxide (TBHF).
On the one hand QUE showed a higher tocacity wath respect to the sperm
motility and wiabihty than EES, and on the other hand, its antioxadant activity
was stronger, as evidenced by fluorescent and electron microscopy. QUE was
particularly active m preserving sperm membranes, chromatn texture and
acrosomes, which were compromused by TBHP. Similarly, Tvrda er al. (2016h)
found that QUE was capable of preventing the decline of spermatozoa witality
and finctional activity as a consequence of FeAA-associated oxidafive damage.
Cuercetin concentrafions ranging between 50 and 100 pmoll were parficularly
effective In protecting the spermatorcon against the damage caused by free
radical overgeneration through prevention of lipid perocadation, protection and
maintenance of spermatozoa metabolism as reflected by the motlity and
mutochondnal actnaty.

Curcumin (CUR)

In case of CUE, the MOT evaluation revealed that the mifial (Time 0k) MOT
was higher in expenmental groups supplemented with 5 and 100 pmelT CUR
when compared to the Control group () pmeoll. CUR), although without any
statistical sigmificance (P=0.05). Although statistically insignificant, a motion-
promoting effect of CUR was visible after 2h specifically in expenmental groups
exposed to 5 and 10 pmelT. CUE. At the same time 50 and 100 pmeolT. CUR
caused a sigmificant decrease of the spermatozoa motility (P=20.001). After 4h the
dechne of spermatozoa motion was sigmficantly decreased following the
admimistraton of 50 and 100 pmolT. CUR in companson with the Control
Furthermore, a significantly increased sperm MOT was observed m expenmental
Eroups nlpplenml:edwll:h 1, 5 (P=001) and 10 pmell. CUE (P=20.05).
Examination at 6h of in wero culfure showed that the spermatozoa motility was
significantly increased following exposure to 1 and 5 pmelL. CUE (P=0.001})
when compared fo the Control. At the same time, an mmignificantly hagher
(P=0.05) motion was recorded m the group supplemented with 10 pmolL. CUR,
while a significant (P=0.001} decline was observed in the case of 50 and 100
pmel . CUE. At the end of the expenments (8h), the highest motility was
observed in the experimental group supplemented with 1 umeoll. CUE, being
sigmificantly higher in companson with the Contrel (P=0.01), whale MOT was
significantly decreased (P=20.001} m the groups supplemented by the highest
concentrations of CUR, after a companson with the Cird group (P=20.001; Table
3.

Table 3 Time- and dose-dependent effects of curcumin (CUR) on rzbbit spermatozoa motility [Fo]

Cirl 100 pmolL. CUR 50 pmolL. CUR 10 pmelL CUR 5 pmol’L CUR 1 pmolL CUR.
0h 80551233 82311756 T77.8816.78 79981677 £5.9815.98 75331532
h 62.0334.02 000000 44 4543 33" T6.TIE7.07 T8 8634 44 75.6513133
4h 52121333 0.0020.00 262412 11" 70085 55" T4 98+6 08" 75 T4 6T
6h 37551299 000000 1.09+0.09™ 42 431399 74571545 5787578
5h 200431 88 000000 0.00+0.00" 17561 .90 17.9022 02 37.08+1.11"

MeamrSENL - P=0.05; - P=0.0L; " P=0.001

Previous reports on the impact of CUR on male ferfility are debatable. Naz
2011) revealed that exposure of human and munne sperm to CUE caused a
concentration-dependent decrease of sperm meotility, capacitation and acrosome
reaction. At high CUR concentrations, a complete immhibiton of spermatozoa
motility and funchon was observed. Studies on the impact of CUR on the
reproductive cells. Reddy and Aggarwal (1994) suggest that CUR. has the abality
to mhabit protemn kmase C (PEC), which 1s believed to have a role in modulating
spermatozoa flagellar movement (Rotem ef al, 1990a,b). As such, the CUR-
mduced PEC mhibifion may be responsible for its posmible spermatoroa-
mmohilizing activities (Rithaporn er al, 2003). On the other hand, our results
agree with Salashoor er al (2012) and Twrda er al (2016b) suggesting
stimmlating and protective effects of CUR on spermatozoa mothty and
antioxadant status. Moreover Salashoor er al (2012) reported that increasing
doses of CUR significantly increased the sperm concentration, motlity and
testosterone content in rats.
The first report on the useful effects of CUR (Bucak et al , 2008) on the motility,
o Ifs use as an antoxidant additive to the freering extender. Motilty parameters
recorded by ouwr IDENT CASA techmique complement previous finding=s by
Bucak er al. (2008; 2010) demonstrating a significant improvement i the motion
of cryopreservad ram spermatozoa supplemented with CUR. Interestingly, their
later study focused on CUR administration to a cryopreservation extender for

bovine semen led fo pon-significant differences m the sperm meotion
characteristics (Bucak er al, 2012). Nevertheless, our results comrelate with the
report by Soleimanzadeh and Saberivand (2013) as well as Tvrda er al
(2016¢) on frorzen-thawed semen, where CUR addifion had a positive impact on
both metility and viabibity.

Epicatechin (EPT)

In the case of EPL the imafial MOT assessment (Tmme Oh) revealed a nom-
significantly increased sperm motion in all expenmental groups supplemented
with EPI (P=0.05) m companscn to the Control group (Table 4). After 2h a
significant motion-promotng effect was poted m case of 1 pmoll. and 50
(P=0.01) pmolT EPT (P={.001). This beneficial effect remained visible after 4h
and furthermore included a broader concentration range when compared to the
Control (P<0.05 with respect to 50 pmolT. EPL, P<0.0] m terms of 100 and 5
pmelL. EPT; P=0.001 in case of 1 pmolL EPT). After 6h, the decline of MOT
associated with the in vire culture was slowed down sipmificantly in all
expenimental groups exposed to EFI (P<0.05 with respect to 5 pmoll. EPI;
P=0.00] m case of 100, 50, 10 and 1 pmol/L EPT}, and this MOT-stimmlating and
protective effect extended throughout the end of the in virre expenment (Time
8h; P=0).0]1 m relation to 50, 10 and 5 pmol/L. EPTL; P<0.001 with respect to 100
and | pmolT. EPT).

Table 4 Time- and dose-dependent effects of epicatechin (EPT) on rabbit spermatozoa motlity [%]

Cirl 100 pmolLEPT 50 pmolL EPI 10 pmol’L EPT 5 pmol/L EPI 1 pmol’L EPT
Ik 80.551233 83.8918.01 80.7717.65 81 981743 809817 89 8324167
Ih 69.0314.02 73672707 20.08+6.78™ T6.TTE5.67 T7.0915.09 82 76777
4h 59124333 T4.67+4.78™ 73.5618.00° 68.6513.21 T6.6THES6™ £0.98+8.00™
6h 37.551299 T2 22h6 65 60.97+556™ 58 4614 44 49 793 67" T3.98+7 44™
5h 20,0411 88 42 7743 33" 36.0916.07 330813 87" 383312 99" 40.48+7.09"
MeamrtSEM. T B005; T P01 B=)001

Epicatechin iz a flavoncid and antioxidant commonly found in green fea and,
most of all, in cocoa (Katz er al, 2011). Since it 15 known that spermatozoa are
sensitive to 05, several studies have examimed potential roles of in witro EPI
supplementation in protecting sperm from ROS overproducton. Jamalan er al
(2016) evalnated the effects of different flavonceds meluding EFI on the recovery
of sperm motility and prevention of membrane damage from alumimim chlonide,
cadmmm chlonde, and lead chlonde. The study revealed that catechin behaved in
an unexpected manner as 1t did not protect spermatozoa from heavy metal-
mediated damage, nor 1t did not exhubat any protective effects, rather, 1t showed
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inhabitory effects on the sperm MOT associated with a co-incubaton with
selected heavy metals. Following the application of increased catechin
concentrations from 0 fo 1000 pmolL., a gradual and dose-dependent decrease in
sperm motlity compared to the unireated control group was observed. Somlarly,
Moretti er al (2012) showed that none of the selected EPI concentrations
selected (20, 30, 50, 100, 200, 400 pmolL) was not effective 25 an antioxdant to
protect swim-up selected human sperm agamst tert-butvlhydroperoxide induced
lipid percxdation. Furthermore, the study showed that sperm progressive
motihity and viability were significantly reduced after incubation with EPT at 400




J Microbiol Biotech Food Sci / Duradka et al 2017 - 6 (6) 1290-1294

pmolT. Recently, differential protective effects of epicatechin gallate against
mduced mitochondnal dysfunction were explored in mtestinal epithelial Caco-2
cells and even i this case no protection was observed (Carrasce-Pozo er al,
2011).

On the contrary to the above mentioned studies cur results revealed stimmlating
effects of all EPFl concenfrations on the motlity behavior following its
supplementation to rabbit spermatozoa. Such data are in agreement with Purdy er
al (2004) who aimed to determine whether supplementing dilnents with catechin
would aid iIn maintainmg the wiabhty of caprine sperm during coolmg and
storage at 5 “C. The study revealed sipmificant differences (P=20.05) m mohlity
between the contrel (34%) and the 25, 50, 75 and 100 pmol'l concentrations of
catechin (37, 53, 535 and 64% motile cells, respectively) at 96h These results
demonstrated that catechin may aid in maintaming the motility of cocled goat
sperm In 3 dose dependent manner.

Isoquercitrin (I50)

According to the CASA analysis the imtial MOT (Time 0k) was insignificanthy
mereased In expenimental groups subjected to treatment with 1, 5 and 30 pmol/T
IS0 when compared to the Control (Table 5). This non-significant but motility-

promoting effect of 1, 5, 50 and 100 pmelL. ISO remained notable after 2h of in
vitro culture. After 4h a significantly igher MOT was recorded m the group
exposed to 5 pmoll. ISO when compared to the Control (P=20.01). At 6k the
specttum of IS0 concentrafions exhibifing beneficial effects on the sperm
motility expanded, as a sigmficantly higher MOT was recorded i groups
administered with 1, 5, 10 (P<0.05) and 50 pmelL ISO (P=0.001). Neverthaless,
atﬂ:.ea:l.dnfﬂleurwtmcuhm a sigmificantly higher MOT was detected mn the
expernimental group supplemented with 10 pmol/L ISO (P=0.05) when compared
to the Control. Interestingly, a notble however non-sigmificant (P=0.03) decrase
of sperm MOT was recorded following exposure to the highest IS0 concentration
(100 pmolT. ISOY). Admamstration of the rest of the selected concentrations led to

an inmgnificantly higher rabbit sperm MOT (P=0.03) in companson with the
thulﬂ'ablei}

Table & Time- and dose-dependent effects of 1soquercitrin (IS0} on rabbit spermatozoa motility [%a]

Cirl 100 pmolLISO 50 pmolLISO 10 pmolL ISO 5 pmel/L ISO 1 pmelL ISO
ih 80551233 T 8936 67 §1.98+7 99 795614 .90 84 884002 81993702
h 62.0334.02 T6.7TH4.42 T6.5636.01 67.9755.09 TT8TE7.02 T6.5434.01
4h 52121333 63541500 67 87555 66.6716.09 76874698 67221598
6h 37551299 44 §7+3 99 48 1544 78" 73.78+8 00" 73774 78™ 65 561333
5h 20.0411 88 11.0811.89 20,0911 .98 30.99+4.09° 21.342 06 179712 11

MeamrSENL - P=0.05; - P=0.0L; " P=0.001

Isoquercitnn 1s found in foods such as apple and onion, as well as in a vanety of
medicinal plants, hkely contmbuting to the pharmaceological qualites of a large
number of botanical medicines. Some of the most commonly used plants
contaiming these flavonoids melude Horse chestnut, (inkgzo, Horsetall, Fennel,
Rooibes, Hops, Sundew, Bilberry and Mulberry (Dok-Go et al , 2003; Appleton,
20107. ISO 15 one of the naturally ocommng glucesides of quercetin. Isoquercitnn
15 also sometimes called isoquercetm, a mnearly 1dentical gquercetn-3-
monoglicoside. Techmcally the two are different (isoquercetin has a pyranose
ring whereas soquercitin has a furanose ning), but funchonally the two
molecules are indistinginshable. The literature often considers them as one and
uses the names mterchangeably (Appleton, 2010). To our knowledge, no study 1=
cumrently available on the impact of isoquerctin on male reproduction
According to our data, although being stmcturally simalar to QUE, the molecule
did not exhibit sigmficant negative effects on the sperm MOT when compared to
QUE. On the other hand, potential beneficial effects of lower concentrations of
IS0 were less potable and significant in companson with QUE. Although
experiments based on the admimstration of pure IS0 have not been done yet,
numerons animal studies emphasize on potential amehorative and antoxidant
effect of plant extracts confaiming ISO on the testicular strocture and function, as
well as sperm concentration, motility and morphology In sickness and health
(Avwoniyi et al, 2011; Ayeleso et al, 2014; Duraika et al., 2016). As such, we
may suggest that more specific expeniments on the roles of ISO are to be done m
the futore in order to elucidate its beneficial andfor harmful reles in male
reproduction.

CONCLUSION

A relatrvely broad spectrum of positrve as well as negafive effects has been
bnked to the freatment of individual biclogically active compounds m
experimental in vifro and in vive models. Therr mechanisms of action have only
recently started to be uncovered, parficularly in relation to male reproduction
Char study has unraveled a specific behavior of each biomoleculs, providing
evidence on their toxic and beneficial concentrations as well as exposure periods
adequate for the exhibibion of their protective or harmful impact on rabbat sperm
survival.

Identification of a normal physiclogical range of hiclogically active compounds
and their metabolifes in maromalian fissues is of utmost importance 1f researchers
aim to determune if the effects observed with respect to a certain dose are
physiclogically relevant. Furthermore, determunmg the chmical relevance of
results obtained from animal or in vifro studies may be difficult as these studies
often use doses which may exceed physiclogical concentrations. As such, these
aspects must be taken info account in the design of foture expenmental studies,
nrespective of whether they are aimed at evalnating beneficial or adverse effects
of natural biomolecules.
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In the present study, organophosphorus hydrolase enzyme on Functionabized fomce magnetc nanoparticles was mmmobibzed by the
covalent binding method. The Optimized amount for parameters of mE mEAcME swpaids, enzyme units (UVME weoansae, reachon time,
and pH were determined to be 6125, 0.1341, 3 h and 6.15 respectively. The amount of immobilization yield according to the enzyme
activity was obtained to be T0% and also the amount of immobilized enzyme on nanoparticles was 0.25 Uimg e mniae. Stability studies

showed sigmficant ncrease m immobilized enzyme stability at 4, 25 and 45°C. The stability of Immobilized enzyme showed a 6.3-fold

OPEM aﬂ!s;

increase in comparison to free enzyme at 4°C. The results demonstrated that the pH stabality of the mmmebihized enzyme sigmficantly
increased in compansen with free enryme. The immobilized enzyme was usable and recoverable for seven cycles. The results depicted
that 80% of enryme activity was retamned after fifth cycle. FTIR test showed the covalent bnding of enzyme to magnetic nanoparticles’

surface and the modified enzyme magnetic nanoparticles property was superparamagnetic by vibrating sample magnetometer test.

Keywords: Magnetic nanoparticles, immobilization, organophosphorus hydrolase, stability

INTRODUCTION

(Organophosphoms compounds with respect to their widespread wuse m
agnculfure, expose food resources, water and even air to the pollution
(Organophosphate compounds such as insecticide parathion (o.o-diethyl-o-4-
nitrophenyl phosphorothicate), methy]l parathion and diazinon, in spite of ther
extreme toxicity have been used m production of plant pesticides. Compared with
the potential disadvantage of convenfional methods, boremediation would
appear fo be more attractive because it 15 far less disruptive and more cost-
effective (Lei er al, 2M5). Some reports have showm that

compounds are degraded by some bactena. Preudomenas diminuta MG (Serda
er al, 1985) and a Flavobactarium sp. (ATCC 27551) (Sethunathan er al, 1973)
have the abality to degrade a broad spectrum of organophosphorus tnesters by
virtue of a constitutively expressed crganophosphorus hydrolase (Harper er al,
1938). Organophosphorus hydrolase enryme called OFH (E.C 3.1.8.1) is able to
hydrolyze the ester bond of organophosphate compounds such as parathion and
paracxon but due to the nstability of this ensyme m free mode hioremediation
process of its application in hydrolysis or matenals detection has faced many
problems. The enzyme activity 1s dependent on the environmental vanables, so
the OPH enzyme after 5 houwrs meubation at room temperature in the aguatic
environment loses about 50% of ifs actrvity (Obare er al, 2010; Robatjazi er al,
2010). Biocatalysts immobilization processes are economically efficient and lead
to development of the biclogical confinmous processes. The umque physical
properties of nanoparticles allow thewr application m many fields such as
biomedicine (Atanaszijevic e al, 2006: Gupta er al, 2005; Ito er al, 2005),
sensor development (Katz et al.,, 2004), water punfication (Savage er al, 2005)
and environmental remediation (Lim, 2006; Tramyek er al, 2006; Zhang,
1003). Superparamagnefismn of magmetic nanoparticles (MNPs) 15 a size-
dependent property that is useful for applications requiring mampulation of
MMNPs by an external magnetic field. Such particles do not retam any residual
magnetsm once the magnetic field 1= removed (Gupta er al, 1005; Ito er al,
1005). Using magnefic nanoparficles in biclogical processes and protein
mmohilization 15 considered one of the novel methods of mmebilization. MNPs
have found many applications In vanous processes due fo their high specific
surface area ratio, magnetic properties and special features (Wang e al, 2012}
The large surface- area-to-volume ratio of a nanoparticle allows it to serve as an
efficient camer of biomolecules. This feature has resulted in the development of
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many bomolecule-nanoparticle (bio-NP) hyvbnds for biomedical apphecations m
the diagnosis and localized treatment of disease (Atamasijevic et al, 2006:
Gupta er al, 2005; Ito er al, 2005; Harriz et al, 2006). MNP-enzyme
conjugates (MMNP-Es) represent a specific class of bio-NP conmugates that are of
parficular inferest for biotechnological applications where high catalvhe
specificity, prolonged reaction time, and in some cases the ability to recycle an
expensive biocatalyst is requred (Alealde er al, I1006; Swanzon, 1999). The
covalent bonding and ionic bondng are two methods of MNP bindmg to
biomolecules. Covalent binding 15 a2 method that 1= widely used in the
biopohmers immobilization. Covalent bindmg is usually camed out by direct
biomolecule reactive groups bindmg or by binding to an mtermediate. The
purpose of this study is to mmmobilize OPH enryme on MNP covalently and
immohlization optimization and evalmation of storage stability of mmobihzed
OFH enzyme.

MATERIAL AND METHODS
Bacterial strain

Flavebacterium ATCC 2735] was obtained from Microlial Type Culfure
punfied from bactena (Brown, 1980).

Magnetic nanoparticles and chemicals

Uthzed magnefic nanoparticles with dextran surface cover and NH; agent with
average size of 130nm (amino-modified magnetic nanoparticles (AMMN])), N-(3-
dimethylaminopropyl)- N—ethyl carbodimmde (EDAC) and 2-N-morpholine-
ethanesulfonic acid (MES) buffer and parathion were purchased from
Micromode, Merck and Sigma Companies respectively. All of the expenmental
materials i this study were of high punty and were purchased from Fluka and
Merck Compames.

Immohilization of OPH enzyme on AMNz

In order to Immobilize OFPH enzyme on AMMNz suwrfaces, 20 pl of AMNs was
transferred to a 2ml microtube. Ferric nanoparticles were then washed three fimes
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with MES buffer solution and suspended m100 pl of MES buffer solution. After
shaking for one minute by puting permanent magnet under the micro tube for 1-
2 mumute(s) AMMNs were separated from the sohition. Then, a 100 pl MES
solution containing 0. 7mg EDAC was added to the nanoparticles that had been
suspended in the 100 pl MES sclution and mixed with shaker for 10 minutes. A
10 pl stock enzyme solntion with 2.2 Uml activity was added to microtube
contziming active nanoparticles, then the microtube was incubated for 3 b at 4°C
with 250 rpm. After the end of incubation, nanoparticles were washed three imes
with a 300 ul PBS buffer solation and suspended with a 300 ul PBS buffer
solution in pH=8.

Optimization process

The optimum conditions for the covalent binding of OPH enzyme to AMMN=
surface were obtained using Taguchi experiment design method and Cualitek -4
simmltanecusly. In the present study, a standard Taguchi L? orthogonal array due
to 1ts abality to operate 4 parameters m 3 levels was chosen. Parameters and therr
levels for the covalent binding of OPH enryme to AMMNs are shown in Tab 1.

Tahble 1 Factors and level of parameters used m Taguch experimental design

Factor Level 1 Level 2 Level 3
EDAC/AMMN
ratio{wiw) 245 6.126 15313
Enzyme/AMMN

. 0.0894 0.1341 0.1788
ratio{ll/mg)
Time (k) 15 3 45
pH [ 6.15 630

Evaluation of Inmobilized enryme stability

Free and immobilized enryme stability was determined by using relative activity
caleulation. The mmmobilized enzyme and the samples containing free enryme as
the observer were meubated at the same condition of 4, 25, 45°C and enzyme
activity in different periods was determined mtermittently. The acidity stability of
both immobilized enryme and free enzyme was determined at the zame condition
at pH range of 4-11. The samples were mcubated at 4°C for 3 h. In order to
determine activity of samples, first samples were incubated at 25°C and pH=3 for
30 murmtes then thewr activities were determined.

Analytical methods

The phosphotnesterase activity was measured on the basis of Spectrophotometne
Assay method. The rate of ethylparathion hydrolysis was defermined by
measunng para-nitrophenol production (Robatjazi er al, 2010). For this purpose,
150 pl of sclution containmg mmmebilized enryme and 150 pl of PBS buffer at
pH=8 were mixed Then 10 pl of 50 mM Coll, soluton was added and the
mixture was shaken for 30 minutes at room temperature. Mext, 5 pl of 40 mM
ethyl-parathion was added and p-mitrophenol production rate was determumed by
measurmg the increase of absorbance rate at 410 nm One umt of
phosphotriesterase activity (1) was defined as the amount of enzyme required to
hydrolyze 1 umol of ethyl-parathion per mimte at 30°C (as desenbed previously
m detail by Robatjaz er al (20107).

VEM and FTIR
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spectroscopy. OPH enzyme was immobilized on AMMN: by the determined
optimized condition. Then, modified magnetic nanoparbicles (enzyme-AMM=)
and AMMNs were freeze-dned for 24 howrs at -80°C (model Alpha 24 1S5C;
Martin Chrst, Osterode, Germany). The Samples spectrums were measured from
430 em™ to 4000 cm™. In order to perform the vibrating sample magnetometer
(VEM) test, modified AMMNs were washed tence with distlled water and then
dned using freeze-dner on aluminum plates for 48 howrs. VEM fest measuwrement
was camied ouf on magnetometer device (VSM, Eashan University, Iran) by
changing the magnetic field from +8000 to -B000.

RESULTS AND DISCUSSION

Optinnzation expenment results are shown in Tab 2 on the basis of enzyme
specific activity in mg of nanoparticles. Each parameter's effect and its level
effect 15 shown in figure 1, according to the obtained results it can be deduced
that pH parameters, enzyme{lTVmg,q; ratio, mgeno/me 0 and incubation fime
for enzyme covalent binding on the surface of AMM= were levels of 2, 2, 2, 2
respectively.

Fesults showed that 3 hours inenbation time had the most positive effect on
enryme-AMN meaction. The enzyme to magnetic ratic and
MErnac ME s 20d pH for enzyme covalent binding on AMNs surface had 15, 45
and 65 percent effectiveness on immobilization. Immobihzation process was
camed out n optimized condifion. Optimized condition for covalent binding by
amingo groups for meubation time, Uimg wwp ratio, mg enac’mg sy ratio, and pl,
was determined 3 b, 0.1341, 6.125 U'mg, and 6.5 respectively.

Table X The results of immobilized enryme activity in Ly orthogonal amray of

the Taguchi experimental design.
Trial Factors Result=
1 mg El}it"mgiM'N IB.I:I.D{ WFW)=2.4S,UmqﬂfmgmN n usa
ratio{Ulw)=0.05%4 .
3 mg eoac Mg RHWWIEL A5, Uk Mg 0.076
ratio{Ufw)=0.1341 -
3 mg eoac Mg RHWWIEL A5, Uk Mg 0.032
ratio{Urw)=0.1788 -
4 mE enac/ Mg Etio{win)=6.126, 0.061
Ui/ D g ratio(Uor)=0.0894 :
5 mE nac Mg Rho(wiwl=6.126, 0.043
Uenrrme/mEanm ratio{Uiw)=0.1341 -
P mE nac Mg Rho(wiwl=6.126, 0.089
Uy MEany ratio(Uiw)=0.1738 )
7 mE epac MEany atio(wiw=15.313, 0027
UenrrmemEanm ratio{Uw)=0_0894 -
R mE eoac Mgy rEholwiw)=13.313, 0.078
Ui Mz gy Tatio(Uw)=0.1341 -
g mE epac MEany atio(wiw=15.313, 0.048

Uty mgan ratio{Uw)=0.1788
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Figure 1 Average response levels for different parameters

Expenments were performed several times usng the optimized condihions, and
the results were m good agreement with those predicted from Taguch
experiment desipn. Results showed in optimuzed condifion that amount of
mmmobilized enzyme on nanoparticles was 025 U'mgmeanas with about 70%
efficiency. The obtamned results were iIn good agreement with studies performed
by Jiang ef al. (2008) . In a siular study by Kuo er al (2012) mmobilization
efficiency was reported 583% for Lipase enzyme immobilization, Highest
obtained activity was reported 20 unit per gram and in similar studies by Sahoo
et al. (I011) , urease enryme immobilizaton was reported 57% om feme
magnetc nanoparticles.

Figure 2 shows the pH stability of immobilized enzyme The pH stabality
mereased for the immobilized enryme compared with the free enzyme. As the pH
shifted towards the alkalme or acidic conditions, the enzyme activity of the
mmohilized enzyme remained higher compared with the free enzyme. This may
be due to the protechion of the enzyme by MNPs against extreme pH values. The
remainng enzyme activity of the mmmobilized enzyme and the free enzyme after
8 k of ncubation at pH 4 were 78% and 20% respectively.
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Figure I pH stabality of mmmeobilized enzyme

Stability studies showed sigmificant increase m immobibized enzyme stability at
4. 25 and 45°C. The results are shown m the figure 3. The resulis show after 120 h
of incubation at 4 °C that the relative activity has been 91% and 43% for the
immobilized enryme and free enzyme, respectively (figure 3-3). Immobilized
enzyme stability was determmed 6.3-fold increase in comparison to free enryme
at4°C. A 30% reduction m the initial enzyme activity of the immobilized enzyme
determined after 135 and 62 h of incubation at 25 and 45 °C, respectively, (figure
3-b, ). The results demonstrated that coupling of OPH to AMNs enhanced the
enryme thermal stability at 4, 25 and 45 °C. The Inmobilized enzyme saved
B87.7% of its activaty for more than 10 days at 4 °C.
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Figure 3 Enzyme thermal stability of immobihred enzyme
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The mmohilized enryme was usable and recoverable for about seven cycles. The o . i M
mvestigation depicted that 96% enzyme activity was retained after third cyele [ | e . Al )
and 80% after fifth cycle. According these results, the relative enryme activity ol | { ol 4
was decreased 23% after seven cycles (figure 4). i [ Vol \ |
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Figure 4 Relative activity of immobilized enzyme after each cycle of use i | Voo
FTIE. test results confirmed the covalent bonding between enzyme and magnetic : I::I:
nanoparticles agent groups (fgure 5). On this basis, bonds are visible at 571 cm™ |
and 1635 cm” which proves the enzyme bonding fo nanoparticles such as Lol e ] ] )
reported by Teste et n[ (2010) previcusly. VSM test results showed that the Bl ARy e . i im_ e len mm o am am

enzyme coated magnetic nanoparticles retain their superparamagmetic nature  Figure 5 FTIR spectroscopy spectrum of Immobilized enzyme, a: blank { AME),
during the immobilization process and only about 10% of the magnetic property  b: Immobilized enzyme (AMN-Fnzyme)
15 decreased (figure 6).
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CONCLUSION

In the present study, OFH have been hnked to the magnehc nanoparticles’s
surface by the covalent coupling method. Best condibons were determined for
enryme bmding to the magnete nanoparticle’s surface. The thermal stabibty of
mmohilized enzyme on the magnetic nanoparticle’s swrface showed 6.3-fold,
14-fold and 1.1-fold merease m comparison to free enzyme after 120 h of
meubation at 4, 25 and 45°C respectively. Immobihized enzyme on magnetc
nampa:tuiessn:ﬁ:emmmplybesepﬂnhdmthamag:ﬂfﬂhmhleﬁﬂsm
rense and sequential use of enrymes. The enzyme-magnetic nanoparticles can be
utihzed in apphcations such as biodegradation, biosensing and they are also
appropriate for development of nanoscale smart technologies.

EEFRENCES

Alcalde, M., Ferrer, M., Plouw, FT, & Ballesteros, A (2006). Environmental
biocatalysis: &mmﬂlmmﬁmmmdgmmpmms. Trends
Biotechmology, 24, 281-287. http-//dx dod.cre/10. 1016/ fibtech 2006.04.002
Atanaspevie, T., Shusteff, M., Fam, P, & Jasanoff, A. (2006). Calcium-sensitive
MREI contrast agents based on superparamagnetic iron oxde nanoparticles and
calmodulin. Procesdings of the National Academy of Sciences of the United
States of America, 103, 14707-14712. http-/‘dx doi ore10. 1073 /pnas 0606745103
Brown, KA (1980). lesplmh:mstenss of Flavobacterium sp. Soil Biology
and Biochenisiry:12:105-12. hitp:/ide doi org’10. 10160033 071 TEE00044 9

Gupta, AK., & Gupta, M. (2005). Synthesis and swface enginesring of won
oxide nanoparticles for biomedical appheations. Biomaterialz, 26, 3995-4021.

http://dx doa.cre'10. 1016/ biomaterials. 2004.10.012

Harper, LL | McDaniel, C 5. Mille, CE, & Wild, JE (1988). Dissimlar
plasmuds isolated from Preudomonas dimimuta MG and a Flavobacterium sp.
(ATCC 27551) contain idenfical opd genes. Applied amd emvirommental
microbiology, 54,
http-/fwerer pebinlm mh gow

2586-2589.
farticles PMC204325

Hamis, TJ., von Maltzahn  G., Derfus, AM , Buoslahti, E| & Bhata, SN
(2006). Prmul_vh.c Actuation of MNanoparticle Self-Assembly. Jngsumd'm
Chemie International Edition, 45, 3161-3165.
http:/idx doi.org/10.1002/anse 200600255

Ito, A, Shinkai M., Honda, H., & Eobayashi, T. (2005). Medical application of
functionahzed magnefic nanoparticles. Jowmal of Bioscience and
Bioengineering. 100, 1-11. httpc//dx dod.org10.1263/7bb. 100.1

Jiang, Y., Gue, C., Xia, H, Mahmood, I, Lin, C., & Lin, H. (2009). Magnetc
nampartuiﬁsnmumdwm.chqmﬂsﬁw lipase immebilization: Enzyme activity
m catalyzing estenficaton. Jowrmal of Molecular Caralysis B: Enzymatic, 58,
-idec doLas

103-109. /10.1016/.molcath. 200812001
Eatz E, & Willner, I (2004). Integrated Nanoparticle-Biomoleculs Hybnd
Systems: Synthesis, Properfies, and Applications. Angewandte Chemie
International Edition, 43, 6042-6108. htip:/dx dojore/10. 1000 /3pie JO0S0065]
Euo, C.. Liw, Y., Chang, C., Chen, I., Chang, C., & Shieh C. (2012). Optimum
conditions for bipase mmmobilization on chitosan-coated Fe;0: nanoparticles.
C‘a.rba!u:dmfe Polymers, 87, 2538-2545,
iz doi ore10 1016/ carbpol 201111 026
Lei, Y., Mulchandam, A, & Chen, W. (2005). Improved Degradation of
Drgznup]mspbmus HNerve Agﬂﬂs and p-Nitrophenol by Pseudomonas putida
J5444 wnth Surﬁn&Expmsed Drgmmﬂmsﬂ:m‘us I'I'_'.rdmlase Biotechnology
Progress, 21, 678-681. Al |
Lin W-T. {Qmﬁ} Manoparticles and their biclogical and emvironmental
appheations. Jowrnal of Bioscience and Bioengineering, 102, 1-7.

Ohbare, 50, De, C, Guo, W, Haywood , TL., Samuels, TA Adams CP &
Fletcher E (2010). Floorescent dm.asmsms fm’ tu:m: m'gan:p]msphacrus
pesticides: A review. Semzors, 10, T018-7043. [ !
Robatjaz, S M., Shojaosadati, S A | Ehalilzadeh R, & Faraham E V. (2010).
Opmmﬁﬂmmmlaﬂmhmgndlmadm@mnfmm
nanoparticles on Flavebacterium ATCC 27551 usng the Taguchi method.
Biocatalysiz ﬂmﬂ' errmf.gﬁnmma 28, 304-312.
-ff 1 orel 3 74734737 3
Sahoo, B., Sabm, S.K, & Pramanik, P. {Eﬂllj. A novel method for the
immohlization of urease on phosphonate grafied iron ccode nanoparticle. Jowrmnal
af Melecular Caralysiz E: Enzymatic, 69, 95-102.
. 4

hitp:dx doior/ 1010160 molcafb 201101001
Savage, N, & Diallo, M.5. (2005). Napomatenals and Water Punficafion:

Opportunities and Challenges. Jowrmal of Nanoparticle Research, 7, 331-342.

hitp:dx doi.org/10.1007/11051-005-7523-5

Serdar, CM., & (Gibson, DT. (1935). Enzymatic Hydrolysis of
Organophosphates: Cloning and Expression of a Parathion Hydrolase Gene from
Psendomonas dimumuta. Nanme Biotechnology. 3, 567-571.
hitp:dx doiorg/10.1 038 mbt0685-567

Sethunathan, M., & Yeshada, T. (1973). A Flavobactermum sp. that degrades
diamnon and parathion. Canadion Jowrmal of Microbiology, 19, 873-873.
hitp-//dx doi org/10.1139/m73-138

1299

Swanson, P.E. (1999). Dehalogenases applied to industnal-scale
Current Opinion in Biotechnology, 10, 365-369. http//dx dea.crg/10.101 6/ SEIS"\S-

JLE60(0NE0066-4
Teste, B., Vial, I, Descroix, 5., Georgelm, T., Siaugue, JM., Pefr, J, ... &

Hennion, M.C. 2010). A chemometne approach for optimizing protein covalent
immoblization on magnetic core—shell nanoparticles mn view of an alternative
IMMIncAssaY. Talanta, 81, 1703-1710.

hittp:dx doiorz/10. 10167 talanta 2010.03. 027

Tratnyek, P.G., & Johnson, L. (2006). Manotechnologies for environmental
clearmp. Nanotoday 1, 44-48. http-//de doi ooz 10 101651 T48-0132(061 70045 -2
Wang, I, Zhao, ., Ll,‘:." Lin, X, & Hou, P. (2013). Reversible immobilization
of gl'u.cnm_'.'lase onto magnetic chitosan nanocamers. Applied Microbiology and
Biotachmolagy, 97, 681-692. http-/dx dos ore/10.1007/500253-012-3878.2

Zhang, W.X. (2003). Nanoscale ron particles for environmentzl remediation: an

OVETVIEW.

Jourmal Rezearch, 3, 323-332.

gf  Nan a;nmde

v F557



http://dx.doi.org/10.1016/j.tibtech.2006.04.002
http://dx.doi.org/10.1073/pnas.0606749103
https://www.researchgate.net/journal/0038-0717_Soil_Biology_and_Biochemistry
https://www.researchgate.net/journal/0038-0717_Soil_Biology_and_Biochemistry
http://dx.doi.org/10.1016/0038-0717%2880%2990044-9
http://dx.doi.org/10.1016/j.biomaterials.2004.10.012
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC204325
https://www.researchgate.net/journal/1433-7851_Angewandte_Chemie_International_Edition
https://www.researchgate.net/journal/1433-7851_Angewandte_Chemie_International_Edition
http://dx.doi.org/10.1002/anie.200600259
https://www.researchgate.net/journal/1389-1723_Journal_of_Bioscience_and_Bioengineering
https://www.researchgate.net/journal/1389-1723_Journal_of_Bioscience_and_Bioengineering
http://dx.doi.org/10.1263/jbb.100.1
http://www.sciencedirect.com/science/journal/13811177
http://dx.doi.org/10.1016/j.molcatb.2008.12.001
https://www.researchgate.net/journal/1433-7851_Angewandte_Chemie_International_Edition
https://www.researchgate.net/journal/1433-7851_Angewandte_Chemie_International_Edition
http://dx.doi.org/10.1002/anie.200400651
http://www.sciencedirect.com/science/journal/01448617
http://dx.doi.org/10.1016/j.carbpol.2011.11.026
https://www.researchgate.net/journal/8756-7938_Biotechnology_Progress
https://www.researchgate.net/journal/8756-7938_Biotechnology_Progress
http://dx.doi.org/10.1021/bp049590l
http://www.sciencedirect.com/science/journal/13891723
http://dx.doi.org/10.1263/jbb.102.1
http://www.tandfonline.com/toc/ibab20/current
http://dx.doi.org/10.3109/10242422.2010.516390
http://www.sciencedirect.com/science/journal/13811177
http://www.sciencedirect.com/science/journal/13811177
http://dx.doi.org/10.1016/j.molcatb.2011.01.001
http://link.springer.com/journal/11051
http://dx.doi.org/10.1007/s11051-005-7523-5
http://dx.doi.org/10.1038/nbt0685-567
http://www.sciencedirect.com/science/journal/09581669
http://dx.doi.org/10.1016/S0958-1669%2899%2980066-4
http://dx.doi.org/10.1016/S0958-1669%2899%2980066-4
http://dx.doi.org/10.1016/j.talanta.2010.03.027
http://dx.doi.org/10.1016/S1748-0132%2806%2970048-2
http://link.springer.com/journal/253
http://link.springer.com/journal/253
http://dx.doi.org/10.1007/s00253-012-3979-2
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwia5KaLh9rOAhVE2ywKHUEcBUgQFggeMAA&url=http%3A%2F%2Fwww.springer.com%2Fmaterials%2Fnanotechnology%2Fjournal%2F11051&usg=AFQjCNFAujpxYe0cW97OciD1I7fhJHLlBw

Journal of Microbiology, Biotechnology and Food Sciences
[nternational pesr-review ed scientific online journa

Fublished by
Facalty of

Biotechnology amid
Food Sciences

THE IN FITRO EFFECT OF ELDERBERRY (SAMBUCTUS NIGRA) EXTRACT ON THE ACTIVITY AND OXIDATIVE

PROFTLE OF BOVINE SPERMATOZOA

Abzal Abdramanov', Peter Massanyi’, Nurzhan Sarsembayeva’, Altay Usenbayev', Jahongir Alimov’, Eva Tvrda™

Address(es): MSe. Eva Terda, PRD.,

"Eazakh Mational Azrarian University, Abai street 8, 050010 Almaty city, Kazakhstan.

Slovak University of Agriculture, Tr. A Hlinkn 2, 94976 Nitra, Slovakia.
Gulistan State University, 4® Microrayon, Guliston 120100, Syrdarya, Uzbekistan.

*Comesponding author: gyvina bydammail com

ARTICLE INFO

Recerved 15. 3. 2017
Revised 19. 4. 2017

Accepted 10. 5. 2017
Published 1. §. 2017

OPEM aﬂ!s;

ABSTRACT

The paper presents the cverzll results and expenimental details of the i vitre assessment of the elderberry (Sambucus nigra) extract on
the motility, viabality and reactive oxygen species (ROS) production of bovine spermatozoa in different time peniods (0, 2, 6 and 24
hours). Sambucus migra 15 often used for medicinal purposes throughout the world. Modem research reveals that Sambucus nigra
extracts may have anfi-inflammatory, antiviral, anficancer and anficxadant properties, because of a high content of biologically active
compenents. Spermatozoa meohlity was assessed using the Computer-assisted sperm amalysis (CASA) system. Cell wiability was
examined using the metabohic activity MTT assay and ROS generation was quantified using lnmimometry. The CASA analysis revealed
that the mofility in the expenmental groups supplemented with 100, 50 and 1 ppml. elderberry extract was lower in companson with
other samples. The expenment showed that the elderberry extract had a considerable in vitre effect on the sperm motlity, vitality and
cxidative profile. The ROS production as well as the CASA assessment proved that the optimal concentration of both extracts was 10
pz/ml in every time with stahistically significant results. The MTT test showed a statishically sigmficant increase of mitechondrial at all
time periods with 10 pg/ml. elderberry extract when compared to the control group. When lower concentrafions of the elderberry extract
were used (3 and 1 pg/ml), the mitochondnal activity was higher than in the control group but lower than m the group supplemented
with 10 pg/ml. of the exiract. In these groups this mdicator increased maxamally after 24 h. The findings of the present study indicate

that Sambucus nigra extract possesses activity promoting properfies on bovine spermatozoa at 10 and 5 pg/ml..

Keywords: Elderberry, Sambuciz migra, spermatozea, bull, motility, mitochondnal activity, reactive oxygen species

INTRODUCTION

Several commonly used plants have been reported to affect male reproductive
functions in wildlife and humans. The effects observed with most of the plant and
plant-based products have been atinbuted to a wide vanety of properties of one
of more active compounds present mm  ethnopharmacologically mmportant
medicinal herbs (D' Cruz e al, 2010). Evaluafion of herbs has been m progress
worldwide for several decades fo idenhfy effective and safe substances for
fertility regulation. This approach proved to be a good alfernative to synthetic
drugs as the chemicals of plant ongin have limited side effects. Vanous
medicinal plants extracts were investigated for their fertility-related activity both
m male and famale animal models (Sharma et al , 2013},

Sambucus migra Linn, frequently known as "Sweet elder’ belongs to famuly
Caprifoliaceae. Sambuciz species are being investigated for their potential health
benefits. It 15 one of the most attractive trees being put fo some useful purpose In
Aywveda, homeopathic medicine and has become a cyposure to modem
freatment options. The plant 15 highly used tradibonally m curing diverse
disorders. Commonly 1t 15 used as an astningent, antniral and diaretic. The
antioxadant activity of elderberry extracts has been evaluated before, and 1t 15
estimated fo be similar to that of black raspbermes, blackbernies, and other dark-
fleshed small frust Elderbermes contain flavonoids (flavone, flavonone,
soflavone demvatives and anthocyanms), which are reported fo possess
antioxadant activity and to protect agamst oxadative stressors, such as hydrogen
perocade, 2-amidmopropane, dihydrochloride (AAPH), ferrous sulfate, and
ascorbie acid (Kaur e al., 2014).
SﬂmbumsnigmLhashamﬁmmlmbeefﬁecﬁveagajnstsmimpmt
typhoid and candidiasis. Thus, the extract of Sambucus migra L. bemes can be
used mn order to treat these ailments. Elderbeny extracts proved fo be active
against Staphylococews aureus and Bacillus swbtilis at low concentration and
against C. albicans at very low concentrations. K is however, more effective
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agamst Pseudemonas asruginosa, Escherichia coli and Salmomella nphi.
Elderberry can be used m freating diseases caused by selected test organisms. It
also confams sterols, tammins, essenfial cils and can readily be considered as a
healthy food. E can also be used as a strong food preservative
(MMohammadsadeghd er al, 2013). Sambucus migra fmit extract powder has a
very high in witre anbowodant actvity and no outagemic effects at low
concentrations (Brata er al, 2012).

Thas study mveshigated the in vitro effects of the Sambucus migra extract on the
motility, viability and oxidative profile of bovine spermatozoa.

MATERIAL AND METHODS
Plant Material

Sambucus nigra bemes were obtamed from the Botameal Garden at the Slovak
University of Agriculture in MNifra. After drying, the plant tissues were crushed,
weighed and scaked in ethanol p.a (96%, Centralchem Bratislava, Slovak
Eepublic) during two weeks at room temperature m the dark. Exposure to
sunlight was avoided to prevent the degradation of active components. The
ethanolic plant extracts were subjected to evaporafion under reduced pressure at
40 °C in order to remove any residual ethanol (Stuart REIMDB rotary
evaporator, Bibby Sciephific Limited, UE, and vacmum pump EMNF
NE3B1IET 4518, ENF, Germany). Crude plant extracts were dissolved m
DMSO (Dimethyl sulforade; Sigma-Aldrich 5t Lowms, USA) to equal 1004
mz'ml as a stock sohibon

Sample Collection and Processing
Bovine semen samples were obtained from 10 adult Holstein breeding bulls

(Slovak Biological Services, Mifra, Slovak Eepubbic). The amimals were of
smmilar age and were kept under uniform feeding and housing conditions. Two
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samples were obtamed from each bull on a regular collection schedule with the
help of an artificial vagma. Subsequently, sperm concentrafion and motbity was
evaluated usng phase contrast microscopy (200 x). Gnl}rsummsamplamﬂla
muninmm T0% progressive motility were used for the

Each sample was diluted in physiological saline soluhion (PS5 sudmmd:lm:lde
0.9% w'v; Bieffe Medifal, Italia) confaming different concenfrations of the
elderberry extract (1, 5, 10, 50 and 100 pg/ml) using a dilution ratio of 1:40. The
samples were cultured at laboratory temperature (22-25°C). The control (Ctd)
group (medium without Sambucus migra exiract supplementation, confaming
0.5% DMS0) was compared with the expenmental groups.

Spermatozoa Motility Analy=iz

Spermatozoa motihity (%s; MOT) was assessed by using the computer-aided
sperm  amalysis (CASA, Verion 140 TOX IVOS II; Hamilton-Thome
Biosciences, Beverly, MA, USA). Ten pl. of each sample were placed into the
Makler counting chamber (depth 10 pm_ 37 °C; Sefi Meadical Instruments. Haifa,
Israel) and immediately assessed. Ten microscopic fields were subjected to each
analysis in order to inclode at least 300 calls.

MGtochondrial Activity (MTT Test)

Viability of the cells exposed to Sambucus nigra was evaluated by the metabolic
activity  (3-(4,5-dimethylthiazal-2-y1)-2 5-diphenyltetrazolium  bromide) MTT
test. This colonmetne assay measures the conversion of a yellow tetrazolium salt
(MTT) to blue formazan particles by mitochondnal succinate dehydrogenasze of
mtact mitochondna within bving cells. Formazan can be measured
spectrophotometrically.

The MTT tetrazolium salt (Sigma-Aldnch St Lomis, USA) was dissohed m
phesphate-buffered saline (Dulbeceo's PBS; Sigma-Aldnch) at 5 mg/ml. 4 10
pL of the solution was added to the cells {in 100 pI medium per well). After 2h
of incubation (shaker, 37 °C, 95 % air atmosphere, 5% C02), the cells and the
formazan crystals were dissolved m 150 pl of acidified (0.08 M HCI;
Cenfralchem, Bratislava, Slovak Eepubhc) isopropancl (Centralchem). The
optical density was determuned at a wavelength of 570 nm agamst 620 mm as
reference by a mucroplate ELISA reader (Anthos MultRead 400, Aunstma) The
data were expressed as percentage of the control, set to 100% (Enazicka er al,
011

RO5 Generation

RO5 levels m samples were assessed by the chemilumimescence assay using
hominol (5-amino-?, 3-dibydro-1, 4-phthalazmedione; Sigma-Aldrich) as the
probe. The test samples comsisted of luminol (10 ul, 5 mM) and 400 ol of
control or expenmental sample. Megative controls were prepared by usmg 400 ul
Dalbecco’s PBS (Sigma-Aldnch). Positive control inchided 400 ul. Dulbecco's
PBS and 50 ul. of hydrogen peroxade (30%; 8.8 M; Sigma-Aldnich) in tnphicates.

Chemilmmuinescence was measured on a 453-well plate for 15 mun by using the
Glomax MultiPlus Combined Spectro-Fluore-Luminometer (Promega, Madison,
WI, USA). The results were expressed as relative light umits (RLUYsec/10% sperm
(Kazhou eral., 2013).

Statistical Analyzis

Stafistical analysis was camed out by using the GraphPad Pnsm program
(version 3.02 for Windows; GraphPad Software, La Jella Cahiformia TUSA,
www.graphpad. com). Descriptive statistical characterisfics (mean, standard error)
were evaluated at first. As we focused to study the impact of different elderberry
concentrations on the spermatozoa activity (expenmental groups) in comparison
to the control at a specific ime frame, thus taking one factor into consideration,
one-way ANOVA was used for specific statistical evaluations. Dunnett test was
used as a follow-up test to ANOVA based on a comparison of every mean fo a
control mean, and computing a confidence interval for the difference between the
two means. The level of sigmificance was set at #¥*% (P<0 001} ** (P<0.01); *
(P=0.05).

RESULTS AND DISCUSSION

Crer the past years, nafural compounds isolated from plants have emerged
exhibiting a complex biclogical activaty. Due to therr broad range of effects,
particularly with respect to antbactenal anfi-inflammatory protection and
anficadant mechanisms, plant extracts have attracted a widespread scientific and
consumer inferest (Putheti and Okigbo, 1008; Omogbadegun er al, 2011;
Tohamy eral, 2012; Hamidpour e al, 2014).

The CASA assessment showed a confinuous decrease of spermatozoa motility In
all zroups over the course of a 24h in vitro culture (Table 1). The mitial (Time
Ok) MOT was kngher mn the expenimental groups supplemented with 100 and 1
ugml elderberry extract and lower in other groups with extract when compared
to the control group, although without any stafisteal sigmificance (P=0.05). Mo
significant differences among the control and expenmental groups were recorded
at Time 2h: the groups supplemented with the extract at 100 and 50 pg'ml the
MOT was lower, as at the 10, 5 and 1 pg/ml. — higher. A statistically sigmificant
motion-activating effect became visible after 6h m the group supplemented with
10 pg/ml. of the Sambucus migra extract whereas mn other groups no sigmficant
effects of the extract were observed. At the end of the experiment (Time 24h), the
motility observed in the experimental groups supplemented wath 1-100 pg/ml
elderberry extract was higher in comparison with the control, but a significantly
highest MOT was estabhished at the 10 pgml. concentrafion. Sambucus migra
concentrations ranging between 1-100 pg/ml. had an impact of activation on the
sperm MOT when compared to the control. Nevertheless a sigmficant mfluence
was shown with respect to the extract at a concentration of 10 pg/ml at all

assessment penods (Table 1.

Table 1 Bovine spermatozoa motibity (MOT, %) in the absence (Chl) or presence of elderberry extract dunng different time penods

{(Mean+SEM: n=10)

\ Concentration of Sambucus migra, ml.

Time Ctrl 100 50 N - 5 1

1] 74751721 78251580 69.00+1.91 74.0013.12 71003818 7750217
Ih 63.7511.88 5825+1.73 58.0015.97 68.7514.87 67.7511 49 64.7513.80
6h 51253225 487511 49 50.7513.80 60.25+2.31" 50.00%534 49.5011.30
M4b 20252680 20504 87 24.7511.23 31.00+1.62° 27.0012.31 25251390
TP} 0F; T P01 T P=0001

Progressive motility of control and expenmental groups at 0 hows of
experimental peniod, with different concentrations of the elderbermry extract, did
not exhibit sigmificant differences. At 2h of experimental period the higher
concentration of Sambucus migra extract wath 100 and 50 pg/ml decreased
spermatozoa progressive mohhty (PRG, %) After 6 and 24 howrs of

expenimental peniods showed, that the progressive motility of the control and
expernimental samples with the 100, 50 and 1 pg/ml. of the elderberry extract was
lower, compared to 10 and 5 pg/ml (Table 2).

Table 2 Bovine spermatozoa progressive motility (PRG, %) in the absence {Ctrl) or presence of Sambucus migra extract dunng different

time periods (Mean=SEM: n=10)
. Concentration of Sambucus migra, ml
Time Ctrl 100 50 T —- 1
b 46.7514.79 440011 87 48 5013 86 480015 80 48.0013.10 442534 90
Ih 45751176 29001576+ 34,2513 87 4800156 80 46,0013 43 44 5011 B2
6h 230011 .46 17.25%1 359+ 23.00%1.37 315041 74# 28301235 21.7533.60
24h 3500046 1.7540.11# 1.2540.34 6.00£0.33% 62010 87% 225410 46
05; 01; " P=0.001

1

According to the MTT assay, an mstant Sambucus nigra supplementation (Time
0 b} had different effects on the sperm mitochondnal activity m any of the
experimental groups (Fiz. 1). It was established that 100 pg/ml. extract had no
specific impact on the mutochondrial activity: at 0 and 2 b it was lower and
through 6 and 24 h it was almost equal to the control group. Impact of the 50
pgml concentration to the sperm was analogical with a higher activation at 2
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and 6 h (Fig. 1). A statistically significant merease of mitochondrial activity was
observed at all ime periods wath 10 pg'ml. elderberry extract when compared to
the control group. When lower concentrations of the elderbenry exfract were used
(5 and 1 pg'ml) the mutochondnal activity was higher than in the control group
but lower than m the group supplemented with 10 pz'ml. of the plant extract
(Fiz. 1). In these groups this mdicator mereased maximally after 24 h (Fiz. 1.
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From these results we may hypothesize that the 10 pg/ml. of the elderberry
extract have a direct actvating effect on the mitochondrial energy metabolism, a

Mitochondrial Activity Oh

mitochondnal funchion can merease sperm motlity, and subsequently male
fartilizine o ity

Mitechondrial Activity 2h
200

25 150 2T 450 T
15 T 5 _
o5 o & .
= & 100- = = 100 = ]
- £
E < o E‘i 50
il 100 ) 10 L Cirl i) 50 W 3
[pagirL] [nglml]
Mitochondrial Activity 6h Mitochondrial Activity 24h
200 K-
. * -
'E:g 120- . . %‘g 120 — — T
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Figure 1 Mitochondnal activity of bovine spermatozoa (%) in the absence (Cirl) or presence of the Sambucus
nigra extract in different time periods. MEANSSEM; ** (P<0.01); *(P=0.05)

(Oradative stress (05) has become one of the leading canses related fo the loss of
viable spermatozoa during cryopreservation. R0S over generation 1s nowadays
accepted as a notable side effect of in vitro processing and handling protocols of
semen, leading to major disruphions in the cellular condative metabolism. The
resulting 05 may subsequently lead to imeversible alterations of membrane
stroctures wia LPO, as well as omdative degradation of protens or DNA,
followed by apoptotic activation (Ball, 2008).

Chur mvestigation revealed that the lowest ROS production was observed m the
group with 10 pg'ml extract, where afier 2 hours cultivation with extract the
ROS production was almost half of the control group (P=0.01). After § and 24
hours we could defmitely confirm a sigmificant positive anfioxadant effect i thas
group compared with control and other expenmental groups (P<0.05 m case of
50, 10 and 5 pgml).

Table 3 Reactive oxygen species preduction (R0S) production by bovine spermatozoa (RLU sec/10% sperm) in the absence (Cil) or

presence of the Sambucus nigra extract in different fime periods.

Concentration of Sambucus migra, pz/ml

Time Ctrl 100 %0 10 5 1
Th 0925003 1.8610.05 14970.06 0.7020.03 0.6110.02 0.8170.04
h 14940.13 295+0.44° 261038 0.89+0.08" 1.1140.09 1.26+0.07
6h 1.7740.03 3214011 3.01+0.70° 1224017 1.3640.14 1.58+0.09
4h 3.5940.09 5.1340.13" 433038" 22640.52° 2.3310.08" 24240.17

B T 11 e = ]

(05} oxidative stress is comsidered as a crucial factor among causes of male
mfertility’s pathogenesis (Lanzafame er al, 2008; Tvrda e al, 2011)
Spermatozoa was the first type of cells to be reported as susceptible to 05, The
mability to restore the damage induced by 05 coupled with cell membranes nch
m polyunsaturated fatty acids (PUFAs), render spermatozoa to be hoghly
susceptble to R0S-nduced damage Subsequently, a rapid loss of intracellular
ATP caunses nufochondnal and axonemal damage, decreased sperm wiabahity, and
mereased mud-piece sperm morphological defects, all of which contnbufe to a
decreased sperm motlity (Bamsal and Bilaspuri, 2011; Gharagozloo and
Aitken,lﬂll}.ﬂﬂhasheﬁmeagrﬂtmmﬁurdjniﬁmndsci&nﬁsbasﬂ:js
programmed deterioration may lead to poor ferhhzation and embryomc
development, pregnancy loss and barth defects (Butler er al, 2002; De Tuliis er
al, 2006; Tremellen, 2008; Aitken et al , 20107,

The ROS production as well as the CASA assessment proved that the optimal
concentration of both extracts was 10 pg/ml in every time with statishically
significant results (Table 3). The studies of Miraj (2016) defined the beneficial
actrvity as an anbiosadant stress protector with the hgh anhocadant capacity,
observed at very low concentrations of the elderberry extract, would be easily
fulfilled withouwt any dangers or side effects when used m small amounts.
Sambucus migra 15 known for rs medicinal use and contains anthocyamms,
flavonoids and other polyphenclics. Chur studies point out that maybe because of
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the antoxidant activity the CASA analyzes was better, while FOS decreased
Also, we can notice that anficetidants mostly reduce oxdative stress and improve
sperm mohlity, protect spermatozoa in the seminal plasma or in spermatozoa
itself to prevent oxadative damage According to the experiment data we may
suggest that low concentrations of the Sambucus nigra extract decreased activity
of the mufochondnal respiratory chain of complex II, thus significanthy
decreasmng the nsk of ROS overproduction.

CONCLUSION

The results of the present study indicate that the elderbenry extracts hawve a
considerable effect on the funchonal activity of bovine spermatozoa. The
findings of the present study clearly indicate that Sambucus nigra extract
possesses motility promotng properties on bovine spermatozoa at 10 and 5
ugml concentration However, this study is the first laboratory based
expenment. In pear futuwre more studies need to be undertaken m a simular
direction to prove all the data obtained from this report.

Acknowledgments: This study was supported by the Scienfific Grant Agency of
the Mimstry of Education of the Slovak Republic and of the Slovak Academy of
Sciences VEGA  Project mno. 1003916, by the Slovak Research and




J Microbiol Biotech Food Sci / Abrdamanov exal 2017 : 6 (6) 1319-1322

Development Agency Grant mo. APVV-15-0544 and by the European
Community  Project mno. 26220220180: Buwlding Research Centre
“ArroBioTech”.

EEFERENCES

Aitken R T, Baker M A  De lnhis, GH. & Nixon, B. (2010). New insighis mto
spump]l}'swhg}randpaﬂw.lug}r Handbook of Experimental Pharmacology,
1989 99-115_ http-/dx doi org/10.1007/978-3-642-02062-9 7
Ball, B.A. (2008). Oradative stress, osmotic stress and apoptosis: impacts on
sperm funchion and preservation in the horse. Amimal Reproduchion Science, 107,
257-267. -dx doiorg/10.1016/.ani 1 2008.04.014
Bansal AE & Bilaspun, G5. (2011). Impacts of oxidative stress and
antioxidants on semen funchons. Veterinary Medicme International
http:/idx dot.org 1040617201 1/686137
Braiu, MM, Dorofte;, E., Negreanu-Pirjol, T, Hostina, C. & Porta, 5. (2012).
Dietermination of Anticxidant Activity and Tomicity of Sambucus nigra Frut
Extract Usmg Alternative Methods. Food Techmology and Bistechnology, S0(2),
177-182.
Butler, & | He, X, Gordon, E.E., Wu HS. Gatt, 5. &thml:mmEH_{EﬂIEJ
Repcm&lutne paﬂmlagy and sperm physiclogy In acd
deficient mice, American Jowmal of Pathelogy, 161, 1061-1075.
D'Cruz, 5.C., Vathmathan 5., Jubendradass, B & Mathur, PP (2010). Effects
ufplam;andplani pmdmlsomﬂlel:eshs.ﬁ.ﬂan]mnnalufﬂmﬂmlﬂg}r 12¢4),
468-479. hiip:idx dot orz/10.1038/513 201043
De Iubis, GM., Wingate, JE_| Eoppers, AT, McLaughlin EA. & Aitken BT
(2006). Defimitive evidence for the nonmitochondrial producton of superoxide
amion by buman spermatozoa. Jownal of Clinical Endocrinology & Metabolism,
21, 1968-1975.
Gharagozloo, P. & Axtken T (2011). The role of sperm oxidative stress in male
mfertility and the ngm.ﬁ:m:u:e of oral antioxidant therapy. Human Eeproduction,
26, 1628-1640. 10.1093 derl32
Hamidpour, M., Hamﬂpm:R.HmdpmnS&ShahlmMﬂﬂHj
Chenustry, pharmacology, and medicmal property of sage (Sahia) to prevent and
cure ilnesses such as obesity, diabetes, depression, dementia, lupus, autism, heart
disease, and cancer. Jowrnal of Traditional and Complementary Medicine, 4, 82-
38 hitp-dx doi orz/10.41032225-4110.130373
Eashou, AH., Sharma B & Agarwal, A (2013). Assessment of cxadative stress
m sperm and semen Metheds in Molscular Biology, 927, 351-361.
http-/fdx dot.crg10.1007/97T8-1-627T03-038-0 30
Eaur, K, Eaur, B, Eawr, H & Eaur, 5 (2014). A comprehencive review:
Sambucus nigra, Linn. Bioljfe Jowrmal, 2(3), 941-948.
Enarmcka, Z | Twvrda, E, Bardes, L. & Lukac M. (2012). Dose- and time-
dependent effect of copper 1ons on the wiability of bull spermatozoa in different
media Jouwrnal of Environmental Science and Health, Part &4 47(9), 1294-1300.
http-/fdx dot.org10.1080/10934529. 2012 672135
Lanzafame FM., La Vignera, 5., Vican, E. &Cahguu A_E ﬂﬂm) Gniahw
stress and medical anbowmdant treatment m male mferfility.
Biomedicine Online, 19, 633-659. iy dot lﬂ.lﬂl '.rhma.?ﬂﬂﬂ.ﬂﬂ.ﬂlt‘l
Miraj, 5. (2016). Chemical compeosiion and phammacological effects of
Sambucus mgra. Der Pharma Chemica, 8(13), 231-234.
Mohammadsadeghi, Sh., Malekpour, & | Zahedi 5. & Eskandan, F. (2013). The
Antimierobial Activity of Elderberry (Sambucus nigra L) Extract Against Gram
Positive Bactena, Gram MNegative Bacteria and Yeast. Research Jowmal of
Applied Sciencas, 8(4), 240-243.
Omogbadegun, Z_, Uwadia, C., Ayo, C Mbanka, V., Omoreghbe, N., (Otofia, E.
and Chieze, F. (2011). Multimedia-based medicinal plants sustamability
management system . International Jowrnal of Computer Science, B, 492-503.
Putheti, B & Okigho, B M. (2008). Effects of plants and medicinal plant
combinations as anfumfective. African Jouwrnal of Pharmacy and Pharmacelogy,
2, 130-135.
Sharma, RE  Goyal AE & Bhat B A (2013). Antifertility activity of plants
extracts on female reproducton: a review. Intemational Jowrmal of Pharmacy
and Biological Sciences, 3,493-514.
Tohamy, A A Ibrahim SE & Abdel Moneim, AE (2012) Studies on the
effect of Sahia aegyptioca and Trigonella foenum grascum extracts on adult
male mice. Jowrnal of Applied Pharmacsutical Science, 2, 36-43.
Tremellen, K. (2008). Omdatrve stress and male inferhbfy - a chmocal
perspective, Human Eeproduchion Update, 14, 243258,

hitp:/Vde dolore] 01003 hupmpd'deon004

Twrda, E., Efiaficka 7. Bardos, L, Massanyi, P. & Lukaé, M. (2011). Impact of
oxidative stress on male ferhility - a review. Acta Feterinaria Humgarica, 59, 465-
484. httpide dotore10. 1556/ AVt 2011034

1322



http://dx.doi.org/10.1007/978-3-642-02062-9_7
http://dx.doi.org/10.1016/j.anireprosci.2008.04.014
http://dx.doi.org/10.4061/2011/686137
http://dx.doi.org/10.1038/aja.2010.43
http://dx.doi.org/10.1093/humrep/der132
http://dx.doi.org/10.4103/2225-4110.130373
http://dx.doi.org/10.1007/978-1-62703-038-0_30
http://dx.doi.org/10.1080/10934529.2012.672135
http://dx.doi.org/10.1016/j.rbmo.2009.09.014
http://dx.doi.org/10.1093/humupd/dmn004
http://dx.doi.org/10.1556/AVet.2011.034

	jmbfs-fbp-02-peskova
	jmbfs-fbp-05-zimova
	jmbfs-fbp-07-tomka
	jmbfs-fbp-08-asrorov
	jmbfs-fbp-09-duracka
	jmbfs-fbp-10-robatjazi
	jmbfs-fbp-15-abdramanov

