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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Yucca gloriosa leaves contain a considerable number of 

steroid glycosides. In the plant's intact leaves, the biosynthesis 
of furostanol glycosides occurs, which are then converted 
into spirostanol glycosides by the action of β-glucosidase. 
Two forms of β-glucosidase are found in Yucca gloriosa 
leaves. Form I (molecular weight 32,000) hydrolyzes both 
oligofurostanosides, converting them into the corresponding 
oligospirostanosides, as well as the synthetic substrate 
4-nitrophenyl-β-D-glucopyranoside. Form II (molecular weight 
68,000) hydrolyzes only 4-nitrophenyl-β-D-glucopyranoside 
and does not cleave oligofurostanosides. Both enzymes have 
an optimum temperature of 37°C and an optimum pH of 6.3-
6.5. Glucono-1,5-lactone inhibited the activity of both enzymes. 
The β-glucosidase of Form I shows higher affinity for its 
natural substrates than for the synthetic ones. The Km value 
for the β-glucosidase of Form I is 7.7 mM in relation to the 
total oligofurostanosides of the leaves of Yucca gloriosa, and 
18.3 mM in relation to the synthetic substrate. The affinity for 
the natural substrates is higher than for the synthetic ones. The 
data received allow us to conclude that the affinity of Form I 
β-glucosidase from Yucca gloriosa leaves does not depend on 
either the structure of the oligosaccharide fragment linked to the 
nucleus or the structure of the aglycone (of steroid origin).

Key words. β-glucosidase, Yucca gloriosa, oligofurostanosides, 
oligospirostanosides, substrate specificity.
Introduction.

The specificity of plant β-glucosidases is of great interest for 
both fundamental science and practical applications, as the 
problem of hydrolysis by endogenous glucosidases is closely 
related to the technological processes involved in the processing 
of important types of plant-based raw materials. Additionally, 
studying the metabolism of physiologically active glycosides 
can help us understand their role in plants [1-7].

Oligofurostanosides, which are water-soluble glycosides, are 
mostly concentrated in Yucca gloriosa leaves. When glucose 
is removed from the C26 atom of the steroid nucleus, a furan 
ring is simultaneously formed, converting oligofurostanosides 
into oligospirostanosides. β-Glucosidases from various sources, 
including endogenous β-glucosidases, can catalyze this process 
[8-11].

Oligofurostanosides are localized in the mesophyll cells 
of Yucca gloriosa leaves, whereas the hydrolyzing enzyme, 
β-glucosidase, is found in the epidermis. The drying process 
disrupts cell integrity, allowing the enzyme to react with 
furostanol, removing its side-chain carbohydrate. As a result, 
the open core closes, transforming the glycoside into its spiro 
form [12,13].

The steroidal sapogenin tigogenin was isolated from Yucca 
gloriosa leaves. Tigogenin was recognized by the Ministry 

of Medical Industry of the former Soviet Union as a cost-
effective industrial raw material for the synthesis of 5α-steroidal 
hormonal drugs [14-17]. 

In this context, the present paper focuses on the study of the 
substrate specificity of β-glucosidase from Yucca gloriosa 
leaves, using both a synthetic substrate (4-nitrophenyl-β-D-
glucopyranoside) and natural substrates (oligofurostanosides) 
isolated from various plants. These natural substrates differ 
from each other in the structure of the aglycone and the 
oligosaccharide part linked to the aglycone at the C3 atom.
Materials and Methods.

The middle-tier leaves of Yucca gloriosa plants growing 
in open ground in Tbilisi, Georgia, were used for this study. 
Oligofurostanosides from steam-fixed leaves of this plant were 
isolated from aqueous extracts using a previously proposed 
method, based on the coprecipitation of furostanol glycosides 
with proteins during salting-out with ammonium sulfate [18]. 
Oligospirostanosides from wild onion inflorescences were 
obtained using the same method. Deltoside, protodioscin, and 
protodeltofolin were isolated from the rhizomes and leaves of 
D. deltoidea [19]. Tomatoside, capsicoside, and melangoside 
preparations were also used as substrates.

The following reagents were used in the experiments: 
4-nitrophenyl-β-D-glucopyranoside, 4-nitrophenyl-
β-D-galactopyranoside, glucono-1,5-lactone, para-
chloromercuribenzoate, p-dimethylaminobenzaldehyde, and 
DEAE-cellulose.

Determining β-glucosidase Activity: The cleavage rates of 
4-nitrophenyl-β-D-glucopyranoside and 4-nitrophenyl-β-D-
galactopyranoside were analyzed by measuring the amount of 
4-nitrophenol released. The cleavage rate of oligofurostanosides 
was assessed by their reduction in the reaction mixture, 
using a colorimetric method based on a colour reaction with 
p-dimethylaminobenzaldehyde [20].

Composition of the incubation mixture: 0.2 ml of 0.05 M 
phosphate-citrate buffer, pH 6.3, containing 1 mM substrate, was 
added to 0.2 ml of cell-free extract. The mixture was incubated 
at 37°C for 10-15 minutes. The reaction was stopped by adding 
2-3 ml of 96% ethanol. In the control samples, enzymes were 
inactivated by boiling for 5 minutes. One unit of β-glucosidase 
activity was defined as the amount of enzyme catalyzing the 
cleavage of 1 nmol of substrate per minute. Specific enzyme 
activity was expressed in nmol/mg of protein. Enzyme activity 
was measured in triplicate. Protein concentration was determined 
using a colorimetric method based on protein precipitation with 
amido black dye [21].

Extraction and Partial Purification of β-Glucosidase 
from Yucca gloriosa Leaves: Yucca leaves were ground in a 
mortar with 0.05 M phosphate-citrate buffer at a leaf-to-buffer 
ratio of 1:15. The homogenate was filtered through cloth and 
centrifuged at 1,000 g for 15 minutes. The supernatant was 
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treated with ammonium sulfate to achieve 30% salting-out. 
The solution was then centrifuged, and the resulting sediment 
was dissolved in the same buffer and dialyzed in distilled water 
overnight. Ammonium sulfate [(NH₄)₂SO₄] was added to the 
supernatant to achieve 80% salting-out, and the solution was 
processed as described above.

Chromatography on a DEAE-cellulose column was performed 
using NaCl in phosphate-citrate buffer (pH 6.3) with increasing 
ionic strength for elution. Fractions of 3-5 ml were collected. All 
enzyme isolation and purification steps were conducted at 4°C.

Determination of Km and Vmax Values: The dependence 
of the enzymatic reaction rate on substrate concentration was 
studied at optimal pH (6.3) and temperature (37°C) in 0.05 M 
phosphate-citrate buffer. p-Nitrophenyl-β-D-glucopyranoside 
was used at concentrations ranging from 0.15 to 6.5 mM, while 
oligofurostanoside concentrations ranged from 0.32 to 2 or 10 
mM. The Vmax and Km values were calculated graphically 
using the double reciprocal (Lineweaver-Burk) method.
Results and Discussion.

Cell-free extracts from Yucca gloriosa leaves were capable 
of cleaving both p-nitrophenyl-β-D-glucopyranoside and 
oligofurostanosides. Experiments with these extracts 
revealed that the conversion of oligofurostanosides into 
oligospirostanosides occurred at a significantly higher rate than 
the cleavage of p-nitrophenylglucopyranoside. Notably, when 
the leaves are ground, oligofurostanosides are instantly cleaved 
by endogenous β-glucosidase to form oligospirostanosides.

Further analysis of β-glucosidase activity on both synthetic 
and natural substrates showed that two distinct forms of 
β-glucosidase are present in the leaves of this plant. Interestingly, 
these forms could be separated at the initial stage of fractionation 
using ammonium sulfate salting-out. Form I (30% fractionation 

with ammonium sulfate), with a molecular weight of 32,000, 
cleaves both natural substrates—oligofurostanosides—and 
the synthetic substrate p-nitrophenylglucopyranoside. Form II 
(30%-80% salting out with ammonium sulfate) cleaves only 
the synthetic substrate and does not act on oligofurostanosides. 
This suggests that Form II β-glucosidase may be involved in the 
metabolism of glycosides of non-steroid origin.

In this context, the properties of Form I β-glucosidase, which 
actively converts oligofurostanosides into oligospirostanosides, 
will be discussed further. The use of ammonium sulfate 
fractionation and DEAE-cellulose chromatography allowed for 
the purification of Form I β-glucosidase from Yucca gloriosa by 
60-fold (see Table 1).

A partially purified preparation of β-glucosidase Form I was 
used for the experiments. The pH optimum for this enzyme is 
between 6.3 and 6.5, and the optimal temperature is 37°C.

A linear dependence of the accumulation of the reaction 
product on incubation time was observed: 15 minutes 
for oligofurostanosides as a substrate and 45 minutes for 
p-nitrophenyl-β-D-glucopyranoside. Consequently, the enzyme 
was incubated for 15 minutes during the analysis of the natural 
substrate and for 45 minutes during the analysis of the synthetic 
substrate. Notably, no inhibition of β-glucosidase Form I 
was observed due to excessive substrate or reaction product 
concentrations in the experiments.

Substrate specificity is one of the most important characteristics 
for understanding the physiological functions of enzymes. 
Despite numerous reports on plant glucosidases, the authentic 
specificity of these enzymes has been verified for only a few 
[22,23].

To study the specificity of β-glucosidase from Yucca gloriosa 
leaves, which is involved in the cleavage of oligofurostanosides, 
natural substrates (oligofurostanosides) biosynthesized in 

Purification stage Total protein
mg 

Total activity
U

Specific activity
U/mg protein 

Degree of 
Purification 

Enzyme yield
%

Original extract 1230 285216.5 231.8 1 100
30% fractionation by 
ammonium sulphate 
precipitation; dialysis 

55 200210 3620 15 70

DEAE-cellulose 
chromatography 13 180120 13855 60 63

Table 1. Purification of Form I β-glucosidase from Yucca gloriosa Leaves.

Substrat Km​
(mM)

Vmax 
(µmol/min/mg protein)

4-Nitrophenyl-β-D-glucopyranoside 18.3 3
Total oligofurostanosides
of the leaves of Yucca gloriosa 7.7 390

Total oligofurostanosides
of the inflorescence of Allium erubescence 7.9 384

Deltoside 7.6 396
Protodioscin 7.8 384
Protodeltofolin 7.8 384
Tomatoside 7.7 390
Capsicoside 8.0 378
Melangoside 8.2 372

Table 2. Substrate Specificity of Form I β-Glucosidase from Yucca gloriosa Leaves.
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various plants were used. These plants differ in both the structure 
of the aglycone, and the oligosaccharide part linked at the C3 
atom of the steroid nucleus.

As shown in Table 2, the Km values of β-glucosidase Form 
I for various oligofurostanosides from some saponin-bearing 
plants were found to be consistent. In contrast, the Km value for 
the synthetic substrate, which is not biosynthesized in plants, 
differed significantly from these values.

The affinity of Form I β-glucosidase from Yucca gloriosa 
leaves for natural substrates is higher than for synthetic ones.

In contrast to the oligofurostanoside-specific β-glucosidase 
from Dioscorea deltoidea, which shows absolute specificity for 
oligofurostanosides and does not convert synthetic substrates 
[19], the enzyme from Yucca gloriosa leaves exhibits broader 
specificity. It can convert both oligofurostanoside glycosides 
and synthetic substrates, although its affinity for natural 
substrates is much higher.

Literature evidence supports the existence of two types of 
β-glucosidases with different substrate specificities. One type 
shows absolute specificity for natural substrates [24], while 
the other, like the enzyme in our study, demonstrates more 
flexible specificity [25]. For example, β-glucosidases from 
Cicer arietinum exhibit high specificity for natural isoflavone-
7-glucosides [23]. These enzymes, found in roots, leaves, 
and epicotyls of the plant, exist in three different molecular 
forms. The Km values for natural isoflavone-7-glucosides and 
synthetic aryl-glucosides differ by a factor of a hundred for these 
enzymes. Despite these differences, the β-glucosidases from 
Cicer arietinum show minimal variation in substrate specificity.

Our research is clear evidence that the study of plant 
glucosidases should not be limited to synthetic substrates. 
Additionally, the β-glucosidase affinity for its substrate does 
not depend on the structure of the oligosaccharide fragment 
linked to the nucleus or on the structure of the aglycone (steroid 
origin), which is crucial for finding new raw materials for the 
synthesis of hormonal preparations
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მოკლე მიმოხილვა
იუკა დიდებული ფოთლები შეიცავს სტეროიდული 

გლიკოზიდების მნიშვნელოვან რაოდენობას. 
მცენარის ნედლ ფოთლებში მიმდინარეობს 
ფუროსტანოლური გლიკოზიდების ბიოსინთეზი, 
რომლებიც β-გლუკოზიდაზას მოქმედებით გადადის 
სპიროსტანოლურ ფორმაში. იუკა დიდებულის 
ფოთლებში აღმოჩენილ იქნა β-გლუკოზიდაზას ორი 
ფორმა. ფორმა I (მოლეკულური წონა 32000) აკატალიზებს 
როგორც ოლიგოფუროსტანოზიდების (გარდაქმნის 
მათ შესაბამის ოლიგოსპიროსტანოზიდებად), 
ასევე სინთეზური სუბსტრატის 4-ნიტროფენილ-
β-D-გლუკოპირანოზიდის ჰიდროლიზს. ფორმა 
II (მოლეკულური წონა 68000) კი შლის მხოლოდ 
4-ნიტროფენილ-β-D-გლუკოპირანოზიდს და არ 
მოქმედებს ოლიგოფუროსტანოზიდებზე. ფერმენტები 
მაქსიმალურ აქტივობას ამჟღავნებენ 370C, ოპტიმალური 
pH 6.3-6.5, გლუკონო-1.5-ლაქტონი იწვევს ორივე 
ფერმენტის ინჰიბირებას. β-გლუკოზიდაზას I ფორმა 
მეტ სწრაფვას ავლენს ბუნებრივი სუბსტრატების 
მიმართ, ვიდრე სინთეზურ სუბსტრატთან შედარებით. 
Km სიდიდე ბუნებრივ სუბსტრატებთან მიმართებაში 
I ფორმის β-გლუკოზიდაზასთვის არის 7,7mM, ხოლო 

სინთეზურ სუბსტრატთან მიმართებაში - 18,3mM.
საკვანძო სიტყვები: β-გლუკოზიდაზა, იუკა 

დიდებული, ოლიგოფუროსტანოზიდები, 
ოლიგოსპიროსტანოზიდები, სუბსტრატული 
სპეციფიკურობა.

Краткое изложение
Листья юкки славной содержат значительное 

количество стероидных гликозидов. В интактных 
листьях растения происходит биосинтез фуростаноловых 
гликозидов, которые под действием β-глюкозидазы 
превращаются в спиростаноловые гликозиды. В листьях 
юкки славной обнаружены две формы β-глюкозидазы. 
Форма I (молекулярная масса 32,000) гидролизует как 
олигофуростанозиды, превращая их в соответствующие 
олигоспиростанозиды, так и синтетический субстрат 
4-нитрофенил-β-D-глюкопиранозид. Форма II 
(молекулярная масса 68,000) гидролизует только 
4-нитрофенил-β-D-глюкопиранозид и не расщепляет 
олигофуростанозиды. Ферменты имеют оптимальную 
температуру 37°C и оптимум pH 6.3-6.5. Глюконо-
1,5-лактон ингибирует активность обоих ферментов. 
Форма I β-глюкозидазы проявляет большее сродство к 
природным субстратам, чем к синтетическим. Значение 
Km по отношению к природным субстратам для формы 
I β-глюкозидазы составляет 7.7 мМ, а по отношению к 
синтетическому субстрату — 18.3 мМ.

Ключевые слова: β-глюкозидаза, юкка славная, 
олигофуростанозиды, олигоспиростанозиды, субстратная 
специфичность.


	Title

