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Abstract. The study of biosynthetic processes in plant cells and methods for their regulation is an important
aspect in the development of biotechnological methods for the production of valuable medicinal compounds. The
identification and establishment of enzyme structures involved in the formation of secondary metabolites in plants by
using molecular genetic methods is one of the relevant ways in the study of their biosynthesis. For a successful
search, it is necessary to use plant organs with their quantitative accumulation.

In this work for the first time, a quantitative assessment of the content of sesquiterpene lactones arglabin and
argolide in COz-extracts of Artemisia glabella Kar. et Kir. individual organs were performed at different stages of the
growing period (start of regrowth, end of regrowth, budding, flowering, fruiting); using electron scanning
microscopy, the leaves surface morphology was determined. It was found that the quantitative accumulation of
arglabin is observed during budding stage and its amounts are 1.90% in leaves and 1.56% in buds. On the surface of
leaves Artemisia glabella Kar. et Kir., there are capitate glandular trichomes of an oval shape, the sizes of which vary
between 70-80 microns in length and 33-38 microns in width.

Based on the obtained experimental data, we assume that the leaves and buds of intact plant Artemisia glabella
Kar. et Kir. during the budding stage will be the optimal samples to search for genes involved in the biosynthesis of
sesquiterpene lactones.

Key words: sesquiterpene lactones, arglabin, biosynthesis, trichomes, supercritical fluid extraction, Asteraceae,
Artemisia glabella Kar. et Kir.

Introduction. The study of biosynthetic processes of plant cells and methods of their regulation is
one of the current trends in biological chemistry. The biosynthesis of isoprenoids, a very large group of
natural compounds that are diverse in structure and function, has been studied by many foreign researchers
[1-15]. It was established that the biosynthetic pathway of all isoprenoids begins with two branched
phosphorylated precursors - isopentenyl pyrophosphate and dimethylallyl pyrophosphate (figure 1), which
are formed in living organisms along one oftwo pathways [1]:

1) mevalonate pathway (classic, Bloch-Lynen pathway, MVA-pathway) - from mevalonic acid,
occurring under the action of enzymes located in cytosol;

2) non-mevalonate pathway (alternative, Rohmer pathway, MEP- pathway) - from methylerythritol
phosphate occurring under the action ofenzymes localized in plastids.

Under the action of isopentenyl pyrophosphate isomerase enzyme, a double bond shift occurs in
isopentenyl pyrophosphate (IPP) and an isomeric compound, dimethylallyl pyrophosphate (DMAPP), is
formed. Further formation of terpenes occurs by attaching IPP residues to a DMAPP molecule to produce
geranyl pyrophosphate or to a growing chain of isoprenoid with the formation of farnesyl pyrophosphate,
etc. (figure 1).
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IPP - isopentenyl pyrophosphate; DMAPP - dimethylallyl pyrophosphate;
GPP - geranyl pyrophosphate; FPP - farnesyl pyrophosphate; GGPP - geranylgeranyl pyrophosphate

Figure 1- The main pathways of terpenoids formation

It should be noted that the cytoplasmic (MVA) and chloroplast (MEP) pathways differ only in the
early stages: since the formation of the Cs-unit of IPPP, there are no differences in the stages of
biosynthesis [2, 3]. In addition, higher plants and some microorganisms are characterized by the use of
both pathways of isoprenoid biosynthesis, and although both pathways in the plant cell function
simultaneously, they are physically isolated from each other [1].

To date, the biosynthetic pathways of the formation of individual sesquiterpene lactones in a number
of plants of the Asteraceae family have been studied (costunolide in Cichorium intybus L. [4], Helianthus
annuus L. n Lactuca sativa L. [5]; parthenolide in Tanacetumparthenium (L.) Sch. Bip. [6]; artemisinin in
Artemisia annua L. [7, 8, 9] and in some others). The key to determining biosynthetic genes in many
studies has been the identification of plant organs in which quantitative accumulation of sesquiterpene
lactones occurs [9, 10]. On the surface of most of them, there are exogenous specialized terpenoid-
containing secretory structures - glandular trichomes [11], which show the highest concentration of
sesquiterpene lactones and quantitative content of TpGAS synthase (a gene encoding the first stage of
germacranolide biosynthesis) [8, 9, 12]. Their presence and morphological diversity for a number of plants
Asteraceae family are confirmed by electronic scanning microscopy [13, 14, 15]. It was glandular
trichomes that were used in many studies to isolate RNA and its sequencing in order to determine the
nucleotide sequences ofgenes encoding the structures ofterpenoid biosynthesis enzymes in plants.

The aim of this work was the quantitive evaluation of the content of sesquiterpene lactones in
individual organs of Artemisia glabella Kar. et Kir. at different stages of the growing period and
determining the size of glandular trichomes on their surface in order to select optimal samples for the
search for genes involved in biosynthesis of arglabin.

M aterials and methods of the research. The object of research in this work was the plant of the
flora of Kazakhstan Artemisia glabella Kar. et Kir. of Asteraceae family. Aerial parts of Artemisia
glabella Kar. et Kir. were collected in the Karkaraly district of the Karaganda region in accordance with
the phenospectrum for the main stages of growing season ofthe plant: start of regrowth - 01.06.2018; end
of regrowth - 22.06.2018; budding - 18.07.2018; flowering - 15.08.2018; fruiting - 18.09.2018). Plant
samples were placed in the herbarium fund of the laboratory of botany and biotechnology of JSC “IRPH
“Phytochemistry”.

The collected raw materials were divided into individual organs (stems, leaves were separated and,
depending on the developmental stage, buds/flowers/fruits), also whole shoots were left for study. All
plant sampes were dried by the air-shadow method.

The extraction of secondary metabolites from the aerial part and individual organs of the plant was
carried out on a supercritical fluid extraction unit USFE-5/2 [16] with the following parameters (for all
types of raw materials): pressure 16 MPa; temperature 600C; duration 180 minutes. For each extraction,
100 g of raw material collected in 2018 during the corresponding growing period was used.

The quantitative content of components in the CO2 extracts was determined by high-pressure
reversed-phase HPLC with a UV-detector on a Hewlett Packard Agilent 1100 Series chromatograph in
isocratic mode. Analysis conditions: analytical column 4.6x150 mm, Zorbax SB-C18 sorbent with a
particle size of 5 *m, column temperature - room temperature, mobile phase acetonitrile:water mixture
(1:1), mobile phase velocity 0.5 ml/min, injection load 20 ul, detection at a wavelength of 204 nm. Data
was calculated using ChemStation software.
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The study of surface morphology of individual plant organs was carried out using optical microscopy
methods. MBR-1A biological microscope was used to inspect the surface. Scanning electronic microscope
of high-spatial resolution Mira 3 LMU Tescan was used to detect the size of terpenoid-containing
structures. Air-dried samples of Artemisia glabella Kar. et Kir. leaves with a sputtering of 25 nm thick
gold were prepared for analysis.

Results and discussion. Among secondary metabolites of Artemisia glabella Kar. et Kir., there are
sesquiterpene lactones arglabin (1) and argolide (2) - biologically active compounds with a proven
pharmacological effect and promising for chemical modifications, as well as dihydroargolide (3).

1) ) @)

The major component of the Artemisia glabella extract is sesquiterpene lactone arglabin - 1(10)-
epoxy-5,7a,6P(H)-guaia-3(4),11(13)-dien-12,6-0lide, the average content of which is 1.49% for air-dry
raw materials, the rate of recovery by supercritical fluid extraction reaches 92.4% [17]. It has an inhibitory
effect on a number of transplantable tumors (Pliss’s lymphosarcoma, Walker’s carcinosarcoma, RMC-1
breast cancer, alveolar liver cancer, P-388 and D-1120 leukemia), as well as on tumor strains resistant to
standard chemotherapeutic drugs (fluorouracil, sarcolysin, prospidin, rubomycin), is used as an
immunomodulating agent [18]. There was also revealed its hypolipidemic effect in hepatoma cells [19].
The water-soluble derivative of dimethylaminoarglabin hydrochloride [18] is the active substance in the
unique antitumor drug "Arglabin", which, according to a number of characteristics, has no analogues in
the world, has passed clinical studies and is used in antitumour therapy. Arglabin is promising for
chemical modification; more than 70 derivatives are obtained on its basis [20].

Microscopic examination of the surface of Artemisia glabella Kar. et Kir. organs allowed us to
establish that the epidermal glandular structures (trichomes) of the aerial parts Artemisia glabella
(figure 2) are represented by two forms: glandular hairs and capitate glandular trihomes (both are
multicellular). On both sides of the leaves and on the lower part of flower Artemisia glabella, glandular
trichomes predominate (Figure 2c, 2d), which have an oval in shape. The size of glandular trichomes on
the leaves surface varies between 70-80 microns in length and 33-38 microns in width (figure 3).

a b c d e

a - anthodium ofArtemisia glabella; b - flowers from anthodium;
¢ - lower part ofthe flower; d - leaves on the stem; e - leaf (view from above)

Figure 2 - The presence of terpenoid-containing structures
on the surface of aerial parts Artemisia glabella Kar. et Kir.
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Figure 3 - Size of glandular trichomes on the surface of Artemisia glabella Kar. et Kir. leaves

To study the dynamics of accumulation of sesquiterpene lactones in individual organs of Artemisia
glabella Kar. et Kir. a series of CO2-extraction of raw materials collected at different stages ofthe growing
period was carried out. The results of chromatographic analysis ofthe obtained CO2-extracts are presented
in table 1.

Table 1- Results of HPLC analysis of the quantitative content
of arglabin and argolide in COz-extracts ofArtemisia glabella

_ Extract Content, _Content, )
Ne Type of plant raw material % per extract % on air-dry materials
mass - . . .
arglabin argolide arglabin argolide
1 2 3 4 5 6 7
| SR - start ofregrowth (raw material collection 01.06.2018)
1 whole shoots 7,05 15,98 195 112 0,14
1 ER - end ofregrowth (raw material collection 22.06.2018)
2 whole shoots 571 1375 3,86 0,78 0,22
3 shredded stems 1,85 11,74 291 0,21 0,05
4 leaves 9,58 13,13 371 1,26 0,35
Il B - budding (raw material collection 18.07.2018)
5 whole shoots 7,15 20,76 5,56 150 0,40
6 shredded stems 2,90 1391 291 0,40 0,08
7 leaves 7,44 25,56 6,83 1,90 0,51
8  buds 8,28 18,84 4,65 1,56 0,39
IV FL- flowering (raw material collection 15.08.2018)
9  whole shoots 6,25 873 2,09 0,55 0,13
10  shredded stems 2,50 7,83 1,69 0,20 0,04
leaves 5,70 8,12 172 0,46 0,10
12 inflorescences 6,60 10,25 2,32 0,68 0,15
young whole shoots (regrowth) 8,18 9,37 1,93 0,77 0,16
FR- fruiting (raw material collection 18.09.2018)
14 whole shoots 3,57 11,12 2,31 0,39 0,08
15 shredded stems 1,66 8,04 1,26 0,13 0,02
16 leaves 7,35 1543 3,29 1,13 0,24
17 multiple fruit + leaves 7,00 12,86 3,15 0,90 0,22
18  young whole shoots (regrowth) 7,40 15,96 341 1,18 0,25

At the start o fregrowth stage, the yield of CO2-extract from whole shoots (leaves and stems) is 7.05%
on air-dry materials with an average concentration of arglabin of 1.12% on air-dry materials.

At the end of regrowth stage, there is a slight decrease in the yield of extract to 5.70% on air-dry
material, which is most likely due to the relative increase in the proportion of stems in the total weight of
the raw material, the extract yield of which (as can be seen from the data in Table 1) is insignificant and is
1.85% on air-dry material. Also, in this phase, an increase in argolide concentration is observed by almost
2 times (up to 3.86 in the extract and 0.22 on air-dry materials) with a slight decrease in the concentration
ofarglabin (from 1.12% to 0.78%).
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A quantitative yield of COz-extract is observed during budding stage (on average, within 7.15% on
air-dry material). During this stage, the highest concentration of arglabin and argolide in the obtained
extracts was noted. Thus, the highest content of arglabin was recorded in the leaves (25.56% in the extract
and 1.90% on air-dry material), it is slightly lower in buds (18.84% in the extract and 1.56% on air-dry
material). This fact is completely correlated with the presence on the surface of precisely these Artemisia
glabella organs of capitate glandular trichomes - structures where the formation and accumulation of
terpenoid nature substances occur.

The chromatogram of the CO:z-extract of raw material Artemisia glabella collected during budding
stage shows the presence of three additional peaks of components with retention times of 6.7139, 13.836
and 17.683 min, which form and accumulate in buds (figure 4b).

During the flowering stage, the yield ofthe extract decreases to 6.25% on air-dry material, there is an
almost three-fold decrease in the concentration ofarglabin and argolide (up to 0.55% and 0.13% on air-dry
material respectively).

For the fruiting stage, the extract yield is minimal (3.57% on air-dry material) and the content of
sesquiterpene lactones arglabin and argolide in whole shoots is 0.39 and 0.08% on air-dry material.

a- leaves extract; b - buds extract

Figure 4 - Chromatograms of the component composition of the COz-extract of individual organs
of Artemisia glabella during budding stage

From the data in table 1 it is also seen that the biosynthesis of arglabin continues in young whole
shoots even with the repeat regrowth, which is observed in the 2-3rd decade of August. Moreover, the
content of arglabin in them remains quite high (1.18% on air-dry material during the fruiting stage).

Comparative data on the content of target component (arglabin) for different stages of the growing
period and in individual organs at the budding stage are presented on diagrams (figure 5).

a b

a- inwhole shoots along the stages of growing period; b - in individual organs in the budding stage;
blue chessboard pattern - yield of extract, % on air-dry material; red stripe pattern - arglabin content, % on air-dry material

Figure 5- Arglabin content and COz-extract yield on dried raw materials of Artemisia glabella Kar. et Kir.
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The results of an experiment on CO:z-extraction of secondary metabolites from raw materials of
Artemisia glabella correlate with previously obtained by chloroform extraction data on the quantitative
accumulation of sesquiterpene lactones precisely at the budding stage in leaves and buds [21, p. 79, 89]. It
should be noted that the percentage content of arglabin in the Artemisia glabella population growing in the
natural habitat (Karkaraly district) is almost 3 times higher. However, this difference can also be
associated with the use of various methods for its extraction from plant materials (chloroform and
supercritical fluid extraction).

Conclusion. As a result of the studies, it was found that the presence of sesquiterpene lactone
arglabin is observed in all individual organs of Artemisia glabella Kar. et Kir. and during all stages of the
growing period. Terpenoid-containing organs are leaves and buds, in which its quantitative accumulation
during budding stage is noted (within 1.56-1.90% according to HPLC analysis of CO2 extracts). On the
surface of these organs there are specialized terpenoid-containing structures - glandular trichomes, in
which the biosynthesis and accumulation of sesquiterpene lactones and other terpenoids under the action
of sesquiterpene synthases occur. According to electronic scanning microscopy data, the glandular
trichomes on the surface of Artemisia glabella Kar. et Kir. leaves have an oval shape, their sizes vary
between 70-80 microns in length and 33-38 microns in width. Thus, we assume that the leaves and buds of
an intact plant are optimal samples to search for genes involved in the biosynthesis of sesquiterpene
lactones.
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ARTEMISIA GLABELLA KAR. ET KIR. 0OCIMA1MNHAEN
CECKBWTEPMNEHA1 NAKTOHOAPAbLIL XVUHAUTANY ONHAMUNKACDI
X3HE BUOCNHTES31

AHHOTauMa. XX MbICTbIL, MakcaTbl - aprnabuH 6uocuHTe3We KaTbiCaTblH FeHAepAi i3gey YWiH ouTaiinbl
Ynrinepgi Taugay makcaTblHAA Beretaumanbik KeselHLW, TYpni catbicbiHgaArtemisia glabella Kar. et Kir. eamgLwHLy
XekenereH mYLenepiHaeri ceCKBUTepneHi NakToHAapAbIL MefwepLw caHAblK 6aranay »asHe onapfbil 6enHgen
6e3ai TpyxomanapAbiL, KefneMLl aHbIKTay.

BAn X/ MbICTa anrawl peT Beretauuanblk KeseuHw, TYpni catbicbiHAa (ecy Y[epiciHiy 6ackl, asarbl, 6Ypney,
ryngey, xxemic 6epy) Artemisia glabella Kar. et Kir. eamawHw, xxekenereH mYwe CO2-CbIrbIHAbICbIHAArbI aprnabuH
MeH apronug ceCKBUTepreHAi NakTOHAapbIHbIL, MenlepiHe caHAblK 6aranay XYprisingi; anekKTpoHAbl CKaHepney
MUKPOCKOMKWA 34rameH xanblpak 6eTiHiL MOphonornacel aHblKTanapi.

3epTTey HaTMXKeaHAe aprnabuH ceckButepneHgi nakToHbl Artemisia glabella Kar. et Kir. eamgwHw, 6apnbik
MyLUeaH/e X3He BeretauuanbiK Ke3elHL, 6apnblk caTbiCbiHAa 6aiikanagbl. OHbIL CaHAbIK XWHaKTanybl 6ypney
KeseliHAe alKblHAangbl >XsHe Xanblpakta 1,90%, rynwaHakta 1,56% kepcetn. AprnabuH 6MOCUHTE3I Tambl3
alblHbIL, 2-3-0HKYHALWHAe GalikanaTblH Xac ecKiHHiL, KaiiTa ecy YgepiciHae ae >xkanracagbl. B*n peTTe onapabiy
K¥paMmblHAarbl aprnabuHHiL, menwepi canbicTbipManbl TYPAe xorapsl 6onaabl (kemic 6epy catbicbiHaa 1,18%).

Artemisia glabella Kar. et Kir. eamgwHw, >»epYCTi 6enwHie TeprneHOUATbl K¥pbinbiMAapabll eki TYpi
aHblKTangbl: 6e34i TYKLe X3He 6ac Tapi3gi 6e34i Tpxoma. ThiKbIp XYCaH XKanblpaKTapblHbIL, eKi XarblHAa XaHe
ryngiy, TemeHn 6GeniriHge 6ac Tapisgi  6e3di  Tpuxomanap 6acbiM  Kenefdi.  ONEKTPOHAbI  CKaHepney
MUKPOCKOMMUSACHIHbIL, AepeKTepi 60libiHWA ThIKbIP XKYyCaH XanblpakTapblHbilL 6enHAaen 6e34i Tpuxomanap conak
niwiHgi 60nbin Keneai, enwem *3biHAbINbI 70-80 MKM X3He eHi 33-38 MKM LWenHAae e3repegi.

AnblTaH 3KCMEPUMEHTTIK AepeKTepAl, HerisiHAe CeckBUTepneHAi NakToHAapAblil, 6UMOCUHTE3iHe KaTbiCaTblH
reHgepai isgey YwWiH ourtainel Ynrinep peTiHge 6YpneH tasacbiHaarbl Artemisia glabella Kar. et Kir. nHTakTW
eaM AL HLL Xanblparbl MeH rynwaHaFbl TaH4aN4bl.

TywH ce3gep: Asteraceae, Artemisia glabella Kar. et Kir., ceckBuTepneHgi naktoHgap, aprnabuH, 6MocuHTes,
TpUxomanap, >oFapbl KPUTUKANbIK (GAOUAN 3KCTPaKLMA.
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BUWOCUMHTE3 N ANHAMUMNKA HAKOMNMNEHWNA CECKBUTEPMEHOBbBLIX TAKTOHOB
BARTEMISIA GLABELLA KAR. ET KIR.

AHHOTauua. Llenb paboTbl - KONMYECTBEHHAA OLLeHKa COepXKaHus CeCKBUTEPNEHOBbLIX TAKTOHOB B OTAE/bHbIX
opraHax Artemisia glabella Kar. et Kir. Ha pa3HbIX CTagusx BeretayMoHHOro nepuoga u onpegeneHne pasmepos
XKenesnucTblX TPUXOM Ha WMX MOBEPXHOCTW MNpW BbIOOPE ONTUMANbHbIX OPraHoOB pAacTeHUs ANf MOUCKa reHOB,
y4acTBYIOLWMX B BUOCUHTE3e aprnabuHa.

Bnepsble npoBefeHa KOMWYeCTBEHHas OLEHKA COAepXXaHUs CeCKBUTEPNEHOBbLIX JIAKTOHOB aprnabuHa wu
apronnga B CO23KCcTpakTax oOTAenbHbiX opraHoB Artemisia glabella Kar. et Kir. Ha pasHbIX cTagusx
BereTaLMoHHOro nepuoja (Hayano OTpacTaHMs, KOHel, OTpacTaHus, 6YyTOHM3auus, LBETeHWe, MI0LOHOLLEHNE).
MeTo0M 3NeKTPOHHON CKaHWpYIOLLEel MUKPOCKONUK onpegeneHa Mophoiorus NoBepXHOCTU NNCTLEB - OAHOrO U3
OCHOBHbIX 0praHOB GMOCUHTE3a CECKBUTEPMEHOBbLIX /IAKTOHOB.

YCTaHOBNEHO, 4TO MPUCYTCTBME CECKBUTEPMEHOBOr0 NakTOHa aprnabuHa HabniopaeTca BO BCeX OpraHax
Artemisia glabella Kar. et Kir. 1 Ha Bcex cTaguax BeretayMoHHOro nepuoga. KonuuectBeHHOe ero HakomnjeHue
oTMeuvaeTcs B nepuog 6yToHusauum n coctanset 1,90% B nuctbax u 1,56% B 6yTOHax. BMocuHTe3 aprnabuHa
NpoAO/MKaeTCA ¥ NpU NOBTOPHOM OTpacTaHWM MOMOAbIX NO6eros, KOTOpoe HabnoaaeTcs BO 2-0 - 3-eil fekajax
asrycta. [lpu 3ToM cojgepxxaHue aprnabuvHa B HUX OCTaeTcsa CpaBHUTENbHO BbICOKMM (1,18% B nepuof
NI0LOHOLLEHUSR).

Ha nosepxHocTn nucTbeB u 6yToHOB Artemisia glabella Kar. et Kir. yctaHoBNeHO Hanuume AByxX Gopm
TepneHOMACOAEPXKALLUX CTPYKTYP: XeNe3ncTblX BOSOCKOB U FON0OBYATbIX XeNe3ncTblX TPMXOM. Ha 06enx cTopoHax
NNCTBEB W HKHEN YacTuW LBETKA Y NOMbIHW FNaAKoi NpeobnajatoT ronoByaThle XenesucTole TPUXoMbl. M0 faHHbIM
3MEKTPOHHON CKaHMPYIOLLed MUKPOCKOMWU, KeNne3ncTble TPUXOMbl Ha MOBEPXHOCTU NUCTbEB MOMbIHU TNaAKoiA
NUMetoT 0Ba/IbHYO POpMY, pasmepbl BapbupytoTcs B npegenax 70-80 MKM B ANNHY 1 33-38 MKM B LUMPUHY.

Ha OCHOBaHMM MONYYEHHbIX 3KCMEPUMEHTA/IbHbIX [aHHbIX B KayeCTBE ONTMMA/bHbIX OpPraHoB 1S Noucka
reHoB, Yy4acTBYKOLWMUX B OWOCKHHTE3e CeCKBUTEPMNEHOBbLIX /1AKTOHOB, BblOpaHbl NUCTbA U OYTOHbI WHTAKTHOrO
pacteHus Artemisia glabella Kar. et Kir. B thase 6yToHM3aLuun.

KntoueBble cnoa: Asteraceae, Artemisia glabella Kar. et Kir.,, ceckBuTeprneHOBble NaKTOHbl, aprnabuH,
OMOCUHTE3, TPUXOMbI, CBEPXKPUTUYECKAS (hIOMAHAA IKCTPaKLua.
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