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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.
The search for rational synthetic pathways for steroid drugs 

from accessible plant sources represents an important and 
relevant objective. Yucca gloriosa presents significant interest 
as a source of tigogenin—a valuable sapogenin for steroid 
hormonal drug production. Along with traditionally utilized 
leaves, the flowers of this plant contain 1.25-1.48% tigogenin 
and possess several technological advantages: simpler extraction 
of the target product due to lower lipophilic substance content 
and softer raw material texture.

Endogenous β-glucosidase plays a key role in the 
tigogenin production process, catalyzing the conversion of 
oligofurostanoside to oligospirostanoside.

This work investigated the properties of β-glucosidase from 
flowers of Yucca gloriosa cultivated in Georgia. Two enzyme 
forms differing in substrate specificity were identified. The first 
form (30% ammonium sulfate saturation fraction) hydrolyzes 
both natural oligofurostanoside and synthetic substrate 
4-nitrophenyl-β-D-glucopyranoside, whereas the second form 
(80% saturation fraction) cleaves only the synthetic substrate.

For the first β-glucosidase form, which has practical 
significance for tigogenin production, optimal operating 
conditions were determined: pH6.3 and temperature 47°C. 
Notably, the temperature optimum for the flower enzyme 
(47°C) proved higher than for the leaf enzyme (37°C). Heating 
at 57°C for 10 minutes reduces enzyme activity by 29%, while 
at 67°C it reduces activity by 79%.

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

Steroid hormonal drugs occupy a significant position in modern 
medicinal pharmacology, being utilized for treating diverse 
pathological conditions including cardiovascular diseases, 
neuropsychiatric disorders, inflammatory processes, malignant 
neoplasms and as oral contraceptives. This necessitates 
increased production and securing of raw materials for synthesis. 
While certain categories (estrogens, anabolics) are produced 
through total synthesis from simple chemical substances, this 
approach has proven economically unfeasible due to process 
complexity and multiple synthetic stages. Steroid drug synthesis 
is predominantly achieved using natural compounds containing 
the perhydrocyclophenanthrene system, primarily of plant 
origin: sterols, steroidal alkaloids and spirostanol steroidal 
glycosides [1,2].

The search for rational synthetic pathways for steroid drugs 
from accessible plant sources represents an important and 
relevant objective. In this context, Yucca gloriosa L., cultivated 
in Georgia, holds considerable significance as a perennial, 
frost- and drought-resistant plant. Tigogenin isolated from this 
species has been recognized as a steroid raw material by the I.G. 
Kutateladze Institute of Pharmacochemistry [3-5].

The Institute of Pharmacochemistry has isolated the 
steroidal sapogenin tigogenin from Y. gloriosa leaves, which 
has proven to be cost-effective raw material for steroid 
hormonal drug synthesis [6]. Tigogenin serves as the genin 
of the spirostane series and optimal extraction from plant 
material requires efficient conversion of oligofurostanoside to 
oligospirostanoside, catalyzed by endogenous β-glucosidase. 
Two forms of β-glucosidase have been identified in Y. gloriosa 
leaves. Form I (molecular mass 32,000 Da) hydrolyzes 
both oligofurostanosides, converting them to corresponding 
oligospirostanoside and the synthetic substrate 4-nitrophenyl-
β-D-glucopyranoside. Form II (molecular mass 68,000 Da) 
hydrolyzes only 4-nitrophenyl-β-D-glucopyranoside and does 
not cleave oligofurostanoside [7-9].

Yucca gloriosa is an excellent ornamental plant, reaching 
1-2 meters in height with long, abundantly flowering white 
flowers and buds in inflorescences. The plant flowers profusely, 
forming large inflorescences with numerous flowers. First-time 
flowering plants develop one inflorescence, while in subsequent 
years 3-4 inflorescences form. Flowering occurs in spring and 
autumn. Mass flowering of plants cultivated in Georgia is 
observed in late May to early June [11]. Approximately 150 
g of air-dried flowers and buds can be collected from one 
inflorescence. However, after withering they fall and remain 
as unutilized waste. Their tigogenin content ranges from 
1.25-1.48%. All parts of the inflorescence possess identical 
sapogenin composition. Tigogenin extraction from flowers is 
considerably simpler than from leaves due to relatively lower 
lipophilic substance content and softer raw material texture. 
They are recommended as an additional source for tigogenin 
production [12].

Tigogenin, a steroidal sapogenin, represents a promising 
multitarget therapeutic compound with potential applications 
in metabolic and degenerative diseases, particularly for the 
treatment of osteoporosis and diabetes mellitus [13-15].

The present work is dedicated to investigating certain 
properties of β-glucosidase from Y. gloriosa flowers.
Materials and Methods.

Flowers of Yucca gloriosa plants growing in open ground 
in Tbilisi, Georgia, were used for this study. Analysis of 
β-glucosidase activity against two substrates—4-nitrophenyl-β-
D-glucopyranoside and the oligofurostanoside mixture from Y. 
gloriosa—revealed the presence of two distinct β-glucosidase 
forms in the flowers. Their separation was achieved through 
ammonium sulfate salting-out. The first form (30% ammonium 
sulfate fractionation) cleaved both oligofurostanoside and the 
synthetic substrate 4-nitrophenyl-β-D-glucopyranoside, whereas 
the second form (80% salting-out) cleaved only 4-nitrophenyl-
β-D-glucopyranoside and did not hydrolyze oligofurostanoside. 
Subsequently, we discuss only the first β-glucosidase form, as 
complete enzyme characterization requires natural rather than 
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Figure 1. (A) Structure of a spirostanic saponin. (B) C-22 to C-27 carbons of a furostanic saponin.

Figure 2. Isolation of β-glucosidase from fresh Y. gloriosa flowers.
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Figure 3. pH Dependency Study (Total Activity).

Figure 4. pH Dependency Study (Specific Activity).

Figure 5. Temperature Dependency Study (Total Activity).

Figure 6. Temperature Dependency Study (Specific Activity).
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Table 1. Enzyme Total Activity Analysis. pH Dependency Study.
pH Mean (U) SD SE CV (%)
5.8 3913.04 195.65 112.96 5.00% 
6.3 5739.13 344.35 198.81 6.00% 
7.0 5565.22 222.61 128.52 4.00% 

Table 2. Enzyme Specific Activity Analysis. pH Dependency Study.
pH Mean (U/mg) SD SE CV (%)
5.8 108.10 8.65 4.99 8.00% 
6.3 158.54 9.51 5.49 6.00% 
7.0 153.74 10.76 6.21 7.00% 

Table 3. Enzyme Total Activity Analysis. Temperature Dependency 
Study.
Temperature (°C) Mean (U) SD SE CV (%)
27 10573.91 528.70 305.24 5.00%
37 11686.96 467.48 269.90 4.00%
47 13078.26 784.70 453.04 6.00%
57 9321.74 466.09 269.10 5.00%
67 2782.61 111.30 64.26 4.00%

Table 4. Enzyme Specific Activity Analysis. Temperature Dependency 
Study.
Temperature (°C) Mean (U/mg) SD SE CV (%)
27 137.68 8.26 4.77 6.00%
37 152.17 10.65 6.15 7.00%
47 170.29 11.92 6.88 7.00%
57 121.38 9.71 5.61 8.00%
67 36.23 2.90 1.67 8.00%

synthetic substrates, which are not present in plants.
The oligofurostanoside mixture from steam-fixed Y. gloriosa 

flowers was isolated using established methodology from 
aqueous flower extracts [16].

β-Glucosidase activity was determined using established 
methodology [17]. Protein was determined by colorimetric 
method based on protein precipitation with Amido Black dye 
[18].
β-Glucosidase Isolation:

Fresh Y. gloriosa flowers were ground using liquid nitrogen 
and homogenized in 0.05M citrate-phosphate buffer at a 1:15 
ratio (pH 6.3). The homogenate was centrifuged at 3000g 
for 15 minutes. The supernatant was treated with ammonium 
sulfate to 30% saturation, then centrifuged for 30 minutes 
at 1000g. Precipitate (1) was redissolved in 0.05M citrate-
phosphate buffer (pH 6.3) and dialyzed overnight, followed 
by centrifugation for 30 minutes at 1000g. In supernatant (1) 
from 1000g centrifugation, proteins were precipitated with 
ammonium sulfate (to 80% saturation) and processed as 
described above.

The sequence of the β-glucosidase isolation process from fresh 
Y. gloriosa flowers is presented in the scheme (Figure 2).
β-Glucosidase Activity Determination:

The rate of oligofurostanoside cleavage was analyzed 
by monitoring their depletion in the reaction mixture 
using a colorimetric method based on color reaction with 
p-dimethylaminobenzaldehyde [19].

Incubation mixture composition: 0.2 ml cell-free extract was 
combined with 0.2 ml 0.05M phosphate-citrate buffer, pH 6.3, 
containing 1 mM substrate. The mixture was incubated at 37°C 
for 10-15 minutes. The reaction was terminated by adding 2-3 
ml of 96% ethanol. In controls, 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 substrate per 
minute. Specific enzyme activity was expressed in units per 1 
mg protein. Enzyme activities were measured in triplicate.

pH Optimum: To investigate the pH dependence of enzymatic 
reaction rates, 0.05M citrate-phosphate buffer mixtures 
with various pH values ranging from pH 4.8 to pH 7.0 were 
employed. The enzyme activity at pH values below 5.8 was 
negligible; therefore, only the range with measurable activity 
(pH 5.8–7.0) is reported.

Temperature Effect: The temperature dependence of reaction 
rate was investigated at values of 27°C, 37°C, 47°C, 57°C and 
67°C.
Results and Discussion.

Cell-free extracts from Y. gloriosa flowers catalysed 
cleavage of both oligofurostanoside and synthetic substrate 
(4-nitrophenyl-β-D-glucopyranoside). Separation of two 
β-glucosidase forms was achieved during the initial ammonium 
sulfate fractionation stage. The first form (up to 30% saturation) 
cleaved both oligofurostanoside and synthetic substrate, 
whereas the second form (up to 80% saturation) cleaved only 
synthetic substrate. Apparently, the second β-glucosidase form 
participates in hydrolysis of glycosides of non-steroidal origin.

pH optimum determination revealed that the enzyme exhibits 
maximal activity at pH 6.3. Notably, β-glucosidase in Y. 
gloriosa leaves also exhibits maximal activity at pH 6.3 [20,21].

All measurements of enzyme activity were performed using 
the natural substrate oligofurostanoside.

The diagrams show that both total and specific activity peak 
at pH 6.3. The enzyme appears to have optimal activity in the 
slightly acidic range around pH 6.3, with activity declining 
slightly at pH 7.0.

The temperature dependence of reaction rate was investigated at 
values from 27°C to 67°C. The flower-derived enzyme exhibits 
an optimal temperature of 47°C, higher than the leaf-derived 
enzyme (37°C) [22]. This difference may reflect biochemical 
adaptations of flowers to environmental stress, including higher 
temperature exposure during anthesis, or variations in protein 
structure between plant organs. Further investigation is required 
to elucidate the precise mechanisms. Heating the extract at 57°C 
for 10 minutes reduces enzyme activity by 29%, while at 67°C 
it reduces activity by 79%.

The visualization clearly shows the temperature-dependent 
behavior of the enzyme, with optimal activity around 47°C 
before thermal denaturation reduces activity at 57-67°C. 
Significant activity loss above 47°C, with only 21% of peak 
activity remaining at 67°C, indicating enzyme denaturation.
Conclusion.

Utilizing the optimal conditions identified in this study, highly 
efficient tigogenin extraction can be anticipated in the future. 
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The results demonstrate the potential of Y. gloriosa flowers as a 
promising source for further research on tigogenin production - 
valuable raw material for steroid hormonal drug synthesis.
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მოკლე მიმოხილვა
სტეროიდული მედიკამენტების სინთეზის 

რაციონალური  გზების ძიება ხელმისაწვდომი 
მცენარეული წყაროებიდან  ფარმაცევტული 
მრეწველობის მნიშვნელოვან და აქტუალურ მიზანს 
წარმოადგენს. იუკა დიდებული მნიშვნელოვან 
ინტერესს იწვევს, როგორც სტეროიდული 
ჰორმონალური პრეპარატების წარმოებისთვის 
ღირებული საპოგენინის ტიგოგენინის - წყარო. 
ტრადიციულად გამოყენებულ ფოთლებთან ერთად, ამ 
მცენარის ყვავილები შეიცავს 1.25-1.48% ტიგოგენინს 
და ფლობს გარკვეულ ტექნოლოგიურ უპირატესობას 
ლიპოფილური ნივთიერებების დაბალი შემცველობისა 
და ნედლეულის უფრო რბილი ტექსტურის გამო, რაც 
უზრუნველყოფს მიზნობრივი პროდუქტის გამოყოფის 
გამარტივებას.

ენდოგენური β-გლუკოზიდაზა მთავარ როლს 
ასრულებს ტიგოგენინის წარმოების პროცესში 
აკატალიზირებს რა ოლიგოფუროსტანოზიდების 
გარდაქმნას ოლიგოსპიროსტანოზიდებად.

ჩვენს მიერ შესწავლილი იქნა საქართველოში 
კულტივირებული იუკა დიდებულის ყვავილებიდან 
მიღებული β-გლუკოზიდაზას თვისებები. გამოვლინდა 
ფერმენტის ორი ფორმა, რომლებიც განსხვავდებიან 
სუბსტრატული სპეციფიკურობით. პირველი 
ფორმა (30% ამონიუმის სულფატით გაჯერების 
ფრაქცია) აჰიდროლიზებს როგორც ნატურალურ 
ოლიგოფუროსტანოზიდს, ისე სინთეზურ სუბსტრატს 
4-ნიტროფენილ-β-D-გლუკოპირანოზიდს, მაშინ 
როდესაც მეორე ფორმა (80% გაჯერების ფრაქცია) შლის 
მხოლოდ სინთეზურ სუბსტრატს.
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β-გლუკოზიდაზას პირველი ფორმისთვის, რომელსაც 
აქვს პრაქტიკული მნიშვნელობა ტიგოგენინის 
წარმოებისთვის, განისაზღვრა ოპტიმალური აქტივობის 
პირობები: pH 6.3 და ტემპერატურა 47°C. აღსანიშნავია, 
რომ ყვავილის ფერმენტის ტემპერატურული ოპტიმუმი 
(47°C) აღმოჩნდა უფრო მაღალი, ვიდრე ფოთლის 
ფერმენტისა (37°C). 10 წუთის განმავლობაში 57°C-ზე 
გაცხელება ამცირებს ფერმენტის აქტიურობას 29%-ით, 
ხოლო 67°C-ზე - 79%-ით.

საკვანძო სიტყვები: β-გლუკოზიდაზა, ტიგოგენინი, 
იუკა დიდებული, ოლიგოფუროს ტანო ზიდები, 
ოლიგოსპიროსტანოზიდები.

Краткое изложение
Поиск рациональных синтетических путей получения 

стероидных лекарственных препаратов из доступных 
растительных источников представляет важную 
и актуальную задачу. Юкка славная представляет 
значительный интерес как источник тигогенина — ценного 
сапогенина для производства стероидных гормональных 
препаратов. Наряду с традиционно используемыми 
листьями, цветки данного растения содержат 1,25-
1,48% тигогенина и обладают рядом технологических 
преимуществ: более простое извлечение целевого продукта 
благодаря меньшему содержанию липофильных веществ и 
более мягкой текстуре сырья.

Эндогенная β-глюкозидаза играет ключевую роль в 
процессе получения тигогенина, катализируя превращение 
олигофуростанозидов в олигоспиростанозиды.

В данной работе исследованы свойства β-глюкозидазы 
из цветков Юкки славной, культивируемой в Грузии. 
Выявлены две формы фермента, различающиеся 
субстратной специфичностью. Первая форма (фракция 
30% насыщения сульфатом аммония) гидролизует как 
природный олигофуростанозид, так и синтетический 
субстрат 4-нитрофенил-β-D-глюкопиранозид, тогда как 
вторая форма (фракция 80% насыщения) расщепляет 
только синтетический субстрат.

Для первой формы β-глюкозидазы, имеющей 
практическое значение для получения тигогенина, 
определены оптимальные условия функционирования: pH 
6,3 и температура 47°C. Примечательно, что температурный 
оптимум фермента из цветков (47°C) оказался выше, чем у 
фермента из листьев (37°C). Нагревание при 57°C в течение 
10 минут снижает активность фермента на 29%, а при 67°C 
— на 79%.

Ключевые слова: β-глюкозидаза, тигогенин, Юкка 
славная, олигофуростанозиды, олигоспиростанозиды.
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