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BIOLOGICAL ACTIVITY OF LECTINS EXCTRACTED
FROM LEGUMES' CALLUSES

Abstract. Nowadays cell and tissue cultures in vitro are widely used in many biological experiments, parti-
cularly in production of natural biologically active food supplements and protein substances for different purposes.
Legumesare characterized by high level of proteins and protein compounds such as lectins. Studying different
patterns of hormonal regulation of lectinsin vitromakes possible understand the physiological mechanisms of growth
and development of legumes. In this regardselecting the source of explants and optimizing concentration of minerals
and hormones in culture media allowed us to obtain morphogenic and non-morphogenic calluses. Usage of 2,4-D
helped to increase frequency of morphogenic calluses more than 5 times in contrast with NAA. Biological activity of
lectins, extracted from differenttypes of calluses, was determined visually by intensity of hemagglutination and their
titer. Itisproved, thatlectinactivity of legume specimens depends on genotype and type of calluses, which is deter-
mined by ingredients of culture media. The level of lectinsis controlled and regulated by concentration of auxins and
cytokinins in culture media. Allmorphogenic samples of calluses demonstrated higher activity thannon-morphogenic
ones. Andmaximum doze of lectins was observed at concentration of 1 mg/l 2.4-D and0.5 mg/l of kinetin. The
highest lectin activity was marked for two representatives of morphogenic type of calluses — "Aktatti” and "Jura-
vushka”. Realex periments demonstrated that determination of agglutinative activity in plants and the level of lectins
in calluses allows to see fluctuations in lectin activity in cells and tissues. Also this data might be used to study the
hormonal processes of differentiation, proliferation and early development of legumes and to improve current
methods of lectin extraction.

Key words: Phaseolusvulgaris, lectins, callus culture, activity, hormonal dependence.

Introduction. One of the main functions of lectins is participation in processes of cell division,
stretching and differentiation and, consequently, regulation of morphological and physiological processes
in plants.

Some hormones such as ABA, IAA, BAP, GAregulate synthesis of lectins. Biological role of these
substances is associated with the seeds formation, the stage of rest and the stage of awakening [1, 2].
Mechanism of action of plant growth regulators is controlled by changing in activity and synthesis of
different proteins. There is information that lectins have an ability to attach molecules of phytohormones.
So, lectinin wheat wheat germ agglutininhas a high affinity to many phytohormones such as auxins,
cytokinins and gibberellic acid [3]. It is supposed, that complex of lectins and phytohormoes takes
participation in storing of hormones and regulation of plants growth [4, 5].Recently it is not doubt that
there is a specific lectin-dependent system to regulate some functions inside animal cells. Probably the
similar system might be founded in plants too[6]. In scientific articles there are proves that lectins with
phytohormones may be involved in regulation of growth processes in vegetating plants. This suggestion is
based on the facts that various lectins can interact with hormones. Independenceofkinetin in different
culturemedi at he level of lectin in calluses usually varies [7].

Also it was revealed, that cooperation between K on A with IAA and its derivatives and lectins in
lima bean with cytokinins is possible because of hydrophobic binding sites in lectins [8].
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It is shown that PBAcan result in a rapid changing in hormonal system of beans, demonstrating an
ability of PBA complex and phytohormones to regulate proliferation in roots. Obtained results prove that
variousphy to lectinsare in volved in regulation such an important process as a plant growth [9].

Thus, oneofthe most prospective ways to study physiological mechanisms of growth regulation of
legumes is a chance to observe different patterns of hormonal regulation of quantitative content in
legumes invitro.

The aim of the research is to determine biological activity and lectin concentration in beans calluses,
having differences ii morphogenetic ciocooHocTH, to find sources of lectins and study the process of
lectin regulation.

Materials and methods. To get calluses specimens «Aktatti», «Juravushka», «Kamelia», «Red
Goya» were used. Primary callus cultures were cultivated on a special media Murasige-Skuga, containing
2.4-D (2-8 mg/l) and kinetin (0.25 mg/l).The role of explants was played by epikotyls of 7-14-days aseptic
seedlings. Calluses were grown at 23-25 C in the light, during 16-hours photoperiod with light intensity
equal to 10 000 lux. Passageoccurredonceper 28 days. Lectins were extracted from calluses in according
to the method invented by us in the previous researches [10]. The content of lectins was determined right
after extraction and dialysis. Extracted mass was weighted and calculated in mg per 100g of wet weight.
The lectin activity was defined by reaction of hemagglutination with rabbit blood.

The lectin activity was determined by its titer and measured in units of inverse [mMr/ma] ™. It means the
minimal concentration of protein leads to hemaggutinaton. For this purpo selectins were diluted five times
[11]. To determine the impact of phytohormones on lectins accumulation, calluses were grown on a
culture media, containing 1 mg/l of2.4-Dand 0-10 mg/lof kinetin. The content of lectins was fixated after
21 days. To exclude mistakes and errors this experiment was repeated three times. Microphotographies
were given by MoticDM 143 SERIES, a microscope.

Results and discussion. Inmanyscientific articles it was proved that formation of one or another
morphological type of callus tissue might be regulated by different phytohormons, by changing com-
pounds in a media, conditions of cultivation, and also by using species and specimens with a high
potential in vitro.The last factor is very important for the process of cell and tissue cultivation in some
legumes whichhave different traits appearing at the level of morphogenetic processes[12-14]. In the
previous researches it was shown, thatforselectedspecimens of legumes the most intensive process of
callus formation occurred on a modified Murasige-Skuga media [15].Formation of morphogenic and non-
morphogenic type of calluses depended on the type and concentration of phytohormones. The presence of
2 mg/l of 2.4-DulAAin a media resulted in formation of 87% and 15 % of morphogenic calluses respec-
tively. Increasing concentration of 2.4-D provoked a degradation of morphogenetic calluses and in presen-
ce of 8 mg/l of 2.4-D necrosis was observed. It was supposed that high concentrations of2.4-Dincreased
the speed of ethylene formation, contrariwise it decreased the speed of cell stretching. Probably high
concentrations of auxins influence on suppression of growth of dicotyledonous plants and associate with
the synthesis of ethylene [16]. Analysis of extracts showed their differences in doses of lectin. The con-
centration of lectin in morphogenetic calluses was significantly higher than in non-morphogenic ones and
varied from 37.3 mg/100g of raw mass in "Juravushka” to 26,0 mg/100g in "Kamelia” (figure 1).

Non-morphogenic calluses are characterized by low concentration of lectins (about 18.4-25.2 mg/100 g
of wet weight)in all studied samples. It was assumed that these differences in lectin concentration between
morphogenic and non-morphogenic calluses might be related to hormones in the media, because of
morphogenic type was formed on culture media withIAAand low concentrations 0f2.4-D. According to
literature sources it is known that synthesis of lectins is regulated by abscisic acid and high concentrations
of 2.4-D decrease the content of ABA [17-19].

The next stage of this research was to determine lectin activity in morphogenic and non-morphogenic
calluses of different legumes. In the first serial of experiments the intensity of hemagglutination was
assessed visually using bands from 1 to 10. It was found that agglutinating activity in all specimens de-
pended both on genotype and type of callus tissue. In contrast with non-morphogenic type morphogenic
calluses demonstrated higher activity which varied from 10 to 13 bands. Two specimens”Aktatti” and
"Juravushka” had 13 bands, "Kamelia” had 11 bands, "Red Goya” had 8 bands, but non-morphogenic
calluses got not more that 5 bands. Also in "Aktatti” hemagglutination was observed during the first minu-
te after start, in "Juravushka” the same indicator was observed in two minutes. It is necessary to mention
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Figure 1 — The presence of lectins in callus tissues of various legume samples

that in this case the effect of hemagglutination was very strong and could be observed even after 5 dilu-
tions. Shaking samples did not provoke destruction of red blood cells, liquid also remained clear and
transparent. All samples were differed from the timing of hemagglutination. In "Kamellia” (morphogenic
type of calluses) this reaction started later than in other specimens, but it was very strong and could be
observed after several dilutions. "Red Goya” (a non-morphogenic one) demonstrated very low lectin acti-
vity, as the reaction of agglutination started 55 minutes later and was observed after the first dilution only.

15 minutes later after the reaction of hemagglutination in "Aktatti”, "Juravushka” and "Kamelia” was
more perceptible. Red blood cells formed stable structures and liquid was perfectly transparent. In 20
minutes in all dilutions reaction was still perceptible, but not sustained. Agglutinates did not break down
into pieces and liquid was still clear. In 30 minutes after shaking it was observed that agglutinates disinte-
grated, liquid was muddy. That was the first sign that hemagglutination was very weak (figures 2 and 3).

In other cases reaction was moderate and agglutinates accumulated at the edges of holes. In one hour
there was not any visible changing.

Further experiments of studying hemmaglutinative activity were performed by measurement of lectin
titer, i.e. maximum dilution of minimum concentration in its solution it which red blood cells still can
make agglutinates. As a result of these experiments it was proved that morphogenic calluses have high
titer of lectin (27.7-30.8 [mg/ml]". The highest activity was detected for "Aktatti” and "Juravushka”.
"RedGoya” and "Kamelia” demonstrateda little bit smaller activity than the previous ones. Non-morpho-
genic calluses had the smallest titer (not more than 10-11 [mg/ml]". Probably these distinguishes can
depend on types and concentration of phytohormones, used for callus growth induction. Obtained data
does not contradict with the results of similar experiments with wheat [20, 21].

As mentioned earlier, lectins take participation in different processes such as cell growth and
differentiation. Therefore, regulation of lectin concentration in callus cultures might be under impact of
various phytohormones. Concerning, the influence of auxins and cytokinins on induction of lectin for-
mation in morphogenic legume "Juravushka” was studied. Asauxinsitwasused2.4-D(1 mg/l), the role of
cytokinins played kinetin (0-10 mg/l). As a result it was stated that the highest concentration of lectins is
observed on a culture media containing 1 mg/1 of 2.4-Dand 0,5mg/lof kinetin (figure 4).

During the cell growth cycle (7 weeks) the concentration of lectins was determined by passaging
1.5 g of callus on a culture media containing 1 mg/l of 2.4 D and 0.1 mg/1 of kinetin. This procedure was
repeated every 10 days. The highest concentration was marked in its initial stage of growth. This can be
explainedby more intensive cell division, which is common for the phase (figure 5).
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"Juravushka” "Red Goya”

"Kamelia" " Aktatti”

Figure 2 — Microphotograph of hemagglutination of morphogenic calluses (x20)

"Juravushka” "Red Goya”
"Kamelia” " Aktatti”

Figure 3 — Microphotograph of hemagglutination of non-morphogenic calluses (x20)
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Figure 5 — Dependence between lectin concentration and growthcycle of calluses

Thus, this research on studying biological activity of lectins showed that accumulation, concentration
and activity of lectins strictly depend on hormones in culture media. So, in the future calluses may be used
as a biotechnological source to extract lectins for different purposes.

This work has been carried out as part of the RK MES Project: 0825 / GF3: Study of the biological
activity of the protein components of promising bean specimens and producing cell cultures with a high
lectin content. (GR Ne: 0113RK00269).
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YPME BYPHIAK KAJUTYCTBIK KYJIbTYPACBIHAH BOJITHIIT AJIBIHFAH
JEKTUHAIK BEJIOKTAPABIH BUOJIOTUAJIBIK AKTUBTIJIIT'T

Annoranus. Kazipri yaksiTTa invitro KieTka KyJIbTypajlapbl MEH Yimanapbl OHOJOTHSIBIK 3epTTEyIep YIIiH
KeH KonmaHeutyna. Kem 3eprreynep TaOuri OMOJIOTHSIBIK AKTHUBTI 3aTTap MEH TYPJIi CIIEKTP/IE OPEKET ETETiH OETOK-
TBHIK KOMIIOHEHTTEp aly MaKCaThIHIA JKYpri3ityne. buoxumusnsk KypaMel OoiibIHIIA OypIIaK TYKbIMaacTapsl 6ac-
Kajapra KaparaHua OeloK oHe OENOKTHIK KOMIIOHEHTTepAiH Ken OonybiMeH epekiieneneni. ConapipiH Oipi -
JEKTUHIIK OenokTap. [n vitroxnerka KyJlbTypalapblHOa JEKTUHIEPAIH CaHABIK KYPaMbIHBIH T'OPMOHAJIBJBIK PET-
TeNyl CHUSKTBI Op TYPJIi XKOJJApMEH 3epTTE€y apKbUIbI - ©CY MPOIECIH perTey, OypIIaK TYKbIMAACTAPABIH JaMybl
CUSIKTBI (DM3MOJIOTHSUIBIK MEXaHu3MIepAl nanenaeyre Oonansl. OCbIHIAKW XKOJIMEH 3KCIUIAHTTHI IpIKTEN aily YILiH,
KOPEKTIK OpTaHBbIH MHHEpPAIAbl JX9HE TOPMOHAJBJBIK KYPaMbIH OHTAWIAaHABIPY MaKcaThIHAA YpMeOypIIaKThIH
MopdoreHi xoHe MOp(HOreH Il eMec KaITyC yimanapsl ajdbHasl. 2,4-J1 KongaHy Ke3iHaeri Mop(horeHIiK KautycTap-
IbIH naiina 6oury sxkuiniri HCK KonjganranaarbIMeH CalIbICTBIpFaHzia Oec ece >KOrapbl Ooiasl. Op Typili Kajurycrap-
JTaH OeITiHIT aNbIHFaH JIEKTUHIEPAIHONOMOTHSIIBIK aKTHBTLIITT TeMarTIOTHHAIINS PeaKIHsICHIHBIH KAPKBIHIBUIBIFBIH
CBIPT K030€H OaKplUIay XoHE JEKTHHICPAl TUTPIEI OJIIIey >KOJNJaphIMeH aHBIKTaNAbl. bizre Oenrimi ypmeOyprmak-
TBIH opOip copT yaTLIepiHAeri JEeKTHHIIK aKTUBTLUTIK KacHWeTi KaJulyCc YIMACHIHBIH TYpi MEH TeHOTHIiHE Oaiinma-
HBICTBI. AJI OJI, ©3 Ke3eriH/e KOPEKTiK OpTaHbIH FOPMOHAIBIBI KYpaMbIMEH aHBIKTANAbl. JIEKTHHIIK OeIOKTapablH
KypaMbl KOPEKTIK OpTajiaFbl ayKCHMH MEH LUTOKMHWHHIH KOHLEHTPAIMSCHIMEH peTTeNin oTbIpaiasl. MopdoreHaik
TYpJIl KaJulyCTapAbIH OapJjbIK YJTUIEpiHiH aKTUBTUIIN MOpP(GOreHIIK eMec KaJulyCTapMEH CajbICThIpFaHJa airtap-
JIBIKTal JKOFapbl OOJIABI. AJI JIEKTHHICPAIH MakCUMaIbl (€H KeI MeJlliepi) >KuHakranysl - 2,4-J1 — 1 mr/mn, xune-
tuH — 0,5 Mr/n xoHueHTpamusiaa Oaiikanasl. EH jKoFapbl JIGKTHHIIK aKTUBTUIIK «AKTAaTTH» KoHE <«OKypaByikay
aTThl MOp(OreH i TUNTI KaJuTyC YArIEpiHAe aHbIKTAJIFaH.

JKyprizinren 3eprreyniep HOTWXKeNepi KepceTKeHaeH, Oenrimi (uToreMarIioTeHHASYIIl aKTUBTIIIKTI KOHE
OCIMIIK KaJUTyC KyJIbTypaJapbIHIarbl JIEKTUHAEP/IH KYPaMblH aHBIKTAY JKYMBICTaphl JEKTUHIIK aKTUBTLIIKTIH TYp-
JICHTIIITIK JICHIeHiH KIETKAIBIK JKoHE YJIAJbIK AeHIeiie aHbIKTan, Tadyra MyMKIHIIK Oepeni skoHe nmuddepenima-
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U TIPOTIECIHACTI TOPMOHAIBIBIK PETTEIYIl JKeTe 3epTTey YIIiH Kenemreri 6ap Tocin Oomsin Tabbutaasl. CoHman ax,
OyJ1 >KyMBIcTap OypIIaK TYKBIMIACTAPIBIH OCIIT ©Hyl MEH NaMYbIH PETTEYIre XKOHE Op TYPJi OMOTEXHOIOTHSIIBIK
JKOJIMEH JICKTHHAEP/I Ty TICLUIIEepiH KEeTIAipyre MyMKIHAIKTEp Oepei.

Tyiiin ce3nep: Phaseolusvulgaris, neKTUHACD, KAUTYCTBIK KyJIbTypa, OCICEH/IIIK, TOPMOHFA TOYEIILIIK.
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BUOJIOTUYECKAS AKTUBHOCTbD JIEKTHUHOB,
BBIAEJEHHBIX N3 KAJINTYCHBIX KYJIBTYP ®ACOJIN

AnHoTauusa. Kynbrypa KIE€TOK M TKaHEH invitro B HacTosllee BpeMs HAXOAUT NPUMEHEHUE B LIMPOKOM
JiMara3oHe OMOJIOTMYECKUX HCCIEIO0BAHMUI, B YACTHOCTU TOJy4YeHUs] NpUPOJHbIX BAB U OelKOBBIX KOMIIOHEHTOB
Pa3IMYHOTO CHEeKTpa ACUCTBUS U MpuMeHeHus. [lo bmoxumudeckoMy coctaBy 0000BBIE KyJIbTYPHI OTIIMYAIOTCS BBI-
COKHM COJepKaHNEM OeNTKOB 1 OeNKOBBIX KOMIIOHEHTOB, K KOTOPBIM OTHOCSTCS, HalpuMep, JeKTHHEL. [lyTem u3y-
YEHMsI PA3JIMYHBIX IIyTed FOPMOHAIBHOM PEryJIsiUU KOJIMUYECTBEHHOIO COJEPIKAHUS JIEKTUHOB B KYJIbTYPE inVitro
BO3MOYKHO YCTaHOBJICHHE (DU3MOJIOTHUECKUX MEXaHU3MOB PETYIIAIUKM POCTA M Pa3BUTH O000BBIX KYJIBTYp. B cBsA3M
C 9TUM ITyTEM M0J00pa UCTOYHUKA FKCIUIAHTA, ONITUMHU3AIMA MHHEPATHHOTO W TOPMOHAIBHOTO COCTaBa MUTATENb-
HBIX CpeJl, TOITy4eHbI MOP(GOTCHHHBIC U HeMOP(OTeHHHBICKAJUTYCHEBIC TKaHU (aconu. Yacrora o6pazoBanust Mopho-
TeHHBIX KaJULTyCOB IPU HCIONB30BHUH 2,4-]] Oblna B IATh pa3 BeIIe, o cpaBHeHH0 ¢ HYK. bruomornyeckas ax-
TUBHOCTb JIEKTMHOB, BBIJICICHHBIX W3 PA3JIMYHBIX TUIIOB KaJJIyCOB ONpEAEIsjach BHU3yaJlbHO 10 MHTEHCHUBHOCTH
peakuuy TeMarrjJlOTUHALUMU U IYTEM H3MEPEHHsI TUTpPa JIEKTUHOB. YCTAHOBJIEHO, YTO JIEKTMHOBAs aKTUBHOCThb
copTo00pa3mnoB (pacomu 3aBUCUT OT TCHOTHIIA W TUIA KAIUTYCHOW TKaHHU, KOTOPBIH OMpPEIeNseTcs TOPMOHAIBHBIM
COCTaBOM NHUTATENBHOH cpenpl. ComepkaHue JIEKTHHOB PETyINPYETCsl KOHIICHTPALeH ayKCHHOB M IIUTOKUHUHOB B
MUTATEeNbHON cpeie. Y Bcex 00pa3loB aKTMBHOCTh MOP(OTEHHOrO THIA KAJLTYyCOB OblIa 3HAYMTENHHO BBIIIE I10-
CPaBHEHUIO C HEMOP(OTEeHHBIM, & MAKCUMAaJIbHOE HAKOILUICHHE JIEKTUHOB HAOI0AaI0Ch pH KOHIeHTpauuu 2,4-J —
1 mr/n, kunertuna — 0,5 mr/in. Hanbospias JeKTHHOBAsI aKTUBHOCTh OTMEUEHA 1T MOP(OTreHHOro THIA KaJULTyca
copToo0pa3uoB «AKTaTTH» U <« KypaByikay.

IIpoBeneHHbIC UCCIIEAOBAHMS MOKA3BIBAIOT, YTO OMpeaeieHUue (HUTOreMarIOTHHAPYIOIICH aKTHBHOCTH U CO-
JIEpXKAHUS JICKTUHOB B KAJUTYCHBIX KYJIbTYPaX PaCTCHHI IO3BOJISET YCTAHOBUTH BapHaOEIbHOCTD YPOBHS JICKTHHO-
BOM aKTUBHOCTH Ha KJIETOYHOM M TKAHEBOM YPOBHSIX M MOXKET CIY>KUTh MEPCHEKTUBHBIM MOAXO0JI0M Ul U3YUYECHUS
TOPMOHATEHOW PETYJIISIMA MPOIIECCOB MU hEpEHIMAIIIN, POCTA U Pa3BUTH OO0OBBIX, a TAKXKE YCOBEPIICHCTBOBATH
OMOTEXHOJOTHYECKIE MOIXOIBI TOTyUeHSI JICKTHHOB.

KuaroueBsle cinoBa: Phaseolusvulgaris, T€KTHHBI, KaJXTyCHBIC KYJNbTYpHI, aKTUBHOCTh, TOPMOHAJBHAS 3aBH-
CHUMOCTb.
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