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The collections of plant cell cultures maintained in vitro are valuable sources of strains with unique ecological and

biotechnological traits. Such collections play a vital role in bioresource conservation, science, and industry development.

Here is an overview of All-Russian Collection of Plant Cell Cultures at the Institute of Plant Physiology of the Russian

Academy of Sciences (IPPRAS). The total collection holdings comprise about 120 cell cultures of medicinal and model

plant species. Several plant cell culture strains have been adapted for cultivation in bioreactors from laboratory (5–20-L) to

pilot (75-L) to semi-industrial (630-L) scale for the production of biomass with high nutritive or pharmacological value.

Some of the strains with proven biological activities are currently used to produce cosmetics and food supplements. Here

is also provided a brief information on the current collection composition and major activities, their use in research,

biotechnology, and commercial application. The most interesting studies performed with collection strains were

highlighted.
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1. Plant Cell Culture Collections around the World

Plant cell culture is a unique, artificially created in vitro biological system—a population of constantly proliferating

undifferentiated plant cells. Cell cultures maintained on the surface of the solid nutrient medium (callus) or in a liquid

medium (cell suspension) often retain the ability of the donor plant to produce specific secondary metabolites of high

pharmacological value . Rapid growth under sterile controlled conditions and stable biosynthesis of the desired

compounds make the cell cultures an attractive alternative to wild and plantation-grown medicinal plants for biomass and

phytochemical production . Cell cultures lacking organismic controls can also be used as model systems in

physiological, biochemical, and molecular studies, i.e., investigating the regulation of cell growth and secondary

metabolite biosynthesis, stress signaling, and stress tolerance .

Pilot production projects using plant cell cultures were developed in the 1980s–1990s (e.g., ). Regrettably,

most of them were later closed, facing constraints of high production costs and low content of the desired phytochemicals

making such hi-tech production unprofitable or uncompetitive . However, due to recent trends toward sustainable

and eco-friendly production processes, plant cell cultures are retrieving increasing attention and a new spin . Recent

reviews  highlighted over 20 companies using plant cell culture-derived substances in their cosmetic products.

The concept of cell culture-produced biomass as a component of food supplements was also revived . Recent

studies demonstrated that teupolioside, a biologically active phenylpropanoid glycoside produced from the cell culture of

Ajuga reptans L., was effective for wound healing and exhibited anti-inflammatory activity in the model of induced colitis

. Cell culture extracts containing different concentrations of teupolioside have been certified as food supplement

ingredients in Europe . Additionally, the commercial production of the anti-cancer drug Taxol© (a trading name of

paclitaxel) from the cell cultures of Taxus spp. has been known for a long time .

The induction and maintenance of the cell strains with intensive growth accompanied by high and stable metabolite

production is a prerequisite for successful cell-based biotechnology. However, the collections of cell cultures are few and

mainly limited to developed countries. The largest and most online visible collections are the Plant Cell Culture Library of

the University of Massachusetts Amherst (>1000 plant species, USA, https://www.umass.edu/ials/pccl-database,

accessed on 23 March 2023); the cell culture collection of the Leibniz Institute DSMZ-German Collection of

Microorganisms and Cell Cultures (>80 families, last mentioned in ); the VTT Culture Collection; collections from

Finland (23 species, ); RIKEN BRC Plant Cultured Cell Resources, Japan (32 species, ); the cell culture collection of

the University of Debrecen, Hungary ; and the collection of in vitro plant cell cultures at the Institute of Experimental

Botany (Czech Republic, >20 species, ). These collections hold cell strains with anti-cancer, antimicrobial, antioxidant,

insecticidal, and other properties as well as model cell strains of tobacco, Arabidopsis thaliana (L.) Heynh. (wild-type and

mutants), and plant species with sequenced genomes.
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The All-Russian Collection of Plant Cell Cultures hosted by the Institute of Plant Physiology, Russian Academy of

Sciences (IPPRAS) is the oldest and most diverse Russian collection of plant cell cultures , with a mandate to receive

and deposit cell strains from other institutions for patent purposes.

2. All-Russian Collection of Plant Cell Cultures—Historical Perspective
and Current Composition

The first cell cultures in Russia were developed by Prof. Raisa G. Butenko and her research team at IPPRAS in the late

1950s–mid 1960s . These included cell cultures of Panax ginseng C. A. Mey., Rauvolfia serpentina Benth. ex Kurz,

Dichroa febrifuga (Lour.) Y. De Smet and C. Granados, Catharanthus roseus (L.) G. Don, Dioscorea deltoidea Wall., and

other medicinal plant species . Some of those cultures are still maintained in the active collection by periodic

subcultures. The collection composition and use have been recently reviewed . Historically, the collection has been

focused on developing and maintaining cell strains accumulating isoprenoid compounds (furostanol glycosides,

ginsenosides, taxoids, etc.) , although model strains of Nicotiana tabaccum L. and Arabidopsis thaliana are also

present  . As of March 2023, the collection holds 43 cell culture strains of 24 plant species as the core collection.

Furthermore, 74 strains of 32 plant species are cultured for experimental purposes. The most represented families are

Araliaceae, Fabaceae, Lamiaceae, and Taxaceae. The core collection is mostly formed by cell strains producing high

quantities of secondary metabolites valuable for human health. These strains have optimized culture conditions and the

passport data (growth, cytological, biochemical characteristics, etc.) recorded. The core collection includes, for example,

cell culture strains of Dioscorea deltoidea, with total content of protodioscin, deltoside and their 25(S)-isomers up to 4.6–

5.7% of the dry cell weight (DW); Panax ginseng and Panax japonicus (T. Nees) C.A. Mey. cell strains (ginsenoside and

their derivatives up to 3.5% DW); Tribulus terrestris L. (total content of furostanol glycosides 0.1% DW); Polyscias filicifolia
L. H. Bailey and P. fruticosa Harms (total content of polysciosides and their derivatives 0.5–3.0% DW). The cell cultures of

some species, e.g., Dioscorea deltoidea, Mandragora turcomanica Mizgir., and Medicago sativa L., have been maintained

by periodic subcultures since the 1970s or 1980s. The experimental collection contains recently acquired cell strains at

different stages of growth optimization, biochemical evaluation, and screening for biological activities. These include, for

example, cell cultures of medicinal plants Sutherlandia frutescens (L.) W. T. Aiton, Ajuga turkestanica (Regel) Briq., Alhagi
maurorum Medik., Maackia amurensis Rupr., Cladochaeta candidissima DC., Alcea kusariensis (Iljin ex Grossh.) Iljin, and

Panax vietnamensis Ha and Grushv.

3. Using Plant Cell Culture Strains in the Research

Cell culture strains from the collection have been extensively used as models to study plant cell growth and biosynthesis

regulation in isolated cells compared to organized tissues or whole plants. For example, wild-type and mutant cell strains

of Arabidopsis thaliana were used to study the interaction of ethylene and abscisic acid signaling pathways , sodium

ion intake and transport , nitric oxide effects , as well as the regulation of zinc homeostasis genes in plant cells

.

The variety of cell lines developed from different species belonging to the same family (Araliaceae, Fabaceae, Taxaceae)

allows the investigation of taxon-related variations in primary and secondary metabolism in the cell cultures. In addition,

cell strains developed from different plant parts (explants) or donor plants from different geographical locations and

maintained on nutrient media with varied mineral and phytohormonal composition are excellent models to study the intra-

specific variations in cell culture properties and the role of explant source and cultivation conditions on cell growth and

biosynthesis. Recent studies performed on callus and suspension cell cultures of three yew species (Taxus baccata
Thunb., T. canadensis Marshall, and T. wallichiana Zucc.) and two Taxus × media Rehder hybrids originating from

different explants and grown in over 20 nutrient media revealed that genotype (the individual plant used for culture

induction) was the most significant factor influencing the content and composition of taxoid compounds in cell biomass

followed by species and medium formulation . Two callus and two suspension cell lines of Sutherlandia frutescens
induced from hypocotyl and cotyledon explants had distinct cell morphology but very similar profiles of secondary

metabolites that differed from secondary metabolite composition in plant leaves . By contrast, the content of fatty acids

(FAs), primarily linoleic and linolenic, in cell cultures was influenced by both the explant origin and growth conditions (light

or dark) . In Alhagi maurorum, the explant type significantly affected the callus induction rate; in vitro seedlings were a

superior explant source compared to ex vitro plants .

The stability of growth and biosynthetic characteristics of the cell cultures over time is one of the main questions of

interest in biotechnological collections and production companies. The cell culture collection at IPPRAS, with its long-term

cultured strains, is well-positioned to be utilized in experiments exploring stability monitoring in cell cultures of different

taxa. For example, the cell suspension of Panax japonicus maintained by periodic subcultures for over 20 years fully
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retained its growth characteristics  and produced a broad spectrum of ginsenosides, including protopanaxatriols (Re,

Rg , Rf), protopanaxadiols (Rb , Rb , Rc, Rd), ginsenoside R , and malonyl-ginsenosides . The main growth

parameters recorded during cultivation in the 20-L, 75-L, and 630-L bioreactors remained unchanged for the suspension

cell culture of Polyscias filicifolia after five years of maintenance by periodic subcultures .

4. Biotechnological Application of Plant Cell Strains from the Collection

Before being used in biotechnology, cell strains are assessed following a standard evaluation scheme which includes

cytological analysis (cell size, form, level of aggregation), reference photographs, evaluation of growth characteristics, and

biochemical (secondary metabolites) analysis . Optional parameters such as chromosome number may be recorded for

new strains before deposition in the collection. This information is included in cell strain passports and maintained for

future reference. Since 2021, the cultures in the collection have also been screened for antioxidant and antimicrobial

activities. Strains with a specific growth rate >0.12 day  and composed of small-sized (about 50 µm) individual cells or

small cell aggregates are preferable for bioreactor cultivation .

Newly developed cell strains often require optimization of medium composition, including phytohormones, inoculum

density, and subculture duration to improve biomass and phytochemical yield. In addition, new strains usually undergo

“auto-selection”—a process when highly-proliferating cells tend to survive and predominate in the population. It usually

takes one to two years for cell suspensions to stabilize under the optimized conditions, but this period is highly species-

dependent. Stably growing strains with high content of the desired metabolites or high biological activities are further

tested for bioreactor cultivation using a cascade of bioreactors (20 L–75 L–630 L) in the biotechnological facility of

IPPRAS, where culture regimes (periodic or semi-continuous) and conditions (air supply, stirring rate) are further

optimized. Large-scale (630-L) bioreactor production has been developed and routinely applied for suspension cell

cultures of Dioscorea deltoidea, Polyscias filicifolia, Panax japonicus, and Taxus wallichiana . Smaller 20-L or

75-L bioreactors were successfully tested for the cell cultures of Tribulus terrestris, Taxus baccata, Polyscias fruticosa,

Panax vietnamensis, Stephania glabra (Roxb.) Miers, and some other species . Some cell culture strains of

biotechnological interest are presented in Table 1.

Several commercial products containing bioreactor-produced cell biomass are currently available in the market. For

example, the food additive Vitagmal © is based on dried biomass of a Polyscias filicifolia cell culture which had passed the

clinical trial and was approved for commercial use in the late 1990s. This phytopreparation was proven to exhibit

adaptogenic and anti-teratogenic effects . The cell culture of Panax ginseng, strain G1, was distributed to government

companies for biotechnological production in the 1980s, but those pilot productions collapsed during the country’s

economic crisis. In the 2020s, however, the strain was successfully adopted by a new commercial company currently

producing a series of cosmetics and food additives on its base (https://cosmevita.ru/collections/, accessed on 24 January

2023).

Table 1. Some representative strains with valuable biotechnological traits from the core of the All-Russian Collection of

Plant Cell Cultures.

Cell Strain
Year Strain
Induced/Received
by Collection

Characteristics

Dioscorea
deltoidea,

strains DM-05
and DM-05-03

1972/1985

Small-aggregated, rapidly growing cell strains developed through mutagenesis
(single and double treatment with N-nitroso-N-methylurea) ; super-producer of
steroidal glycosides protodioscin and deltoside and their 25(S)-isomers ,
adapted for large-scale bioreactor cultivation . The total content of steroidal

glycosides 4.6–5.7% DW  can be increased up to 13.9% DW in bioreactor
production with a high aeration level . Extensively used to study the regulation

of steroidal glycoside biosynthesis in cell cultures . Bioreactor-produced cell
biomass was assessed for elemental composition , toxicology , and

demonstrated positive effects in rats with induced type 2 diabetes mellitus and
obesity .

Polyscias
filicifolia,

strains BFT-
01-95 and Pf-

SH

1991/1995;
2018/2023

Cell strains adapted for large-scale bioreactor cultivation  with a total content of
polysciosides and their derivatives up to 3% DW. Bioreactor-produced cell biomass of

BFT-01-95 has adaptogenic and anti-teratogenic activities, and is currently used in
commercial food supplements .

Panax
ginseng,
strain G1

1959/1985
One of the oldest cell strains with stable growth and chromosome number, a producer
of ginsenosides. The strain is currently used in the commercial production of several

cosmetic products.
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Cell Strain
Year Strain
Induced/Received
by Collection

Characteristics

Panax
japonicus,
strain 62

1995–97/1998

Cell strain adapted for large-scale bioreactor cultivation  with a total content of
ginsenosides (Rg , malonyl-Rg , Rb , malonyl-Rb , Rb /Rb , malonyl-Rb /Rb , Rd,

malonyl-Rd, Rf, R , chikusetsusaponin IVa) of 3.46% DW . Bioreactor-produced cell
biomass exhibited hypoglycemic and hypocholesterolemic activity in rats with diet-

induced obesity .

Tribulus
terrestris,
strain 8

2014/2014
Cell strain adapted for laboratory bioreactor cultivation with a total content of

furostanol glycosides 0.1% DW . Bioreactor-produced cell biomass positively
affected rats with induced type 2 diabetes mellitus and obesity .

Phytopreparations based on cell cultures of Dioscorea deltoidea (strain DM-05-03), Panax japonicus (strain 62), and

Tribulus terrestris (strain 8) exhibited a range of positive effects in rats with induced type 2 diabetes mellitus and obesity

. The toxicological evaluation of D. deltoidea cell biomass  and its elemental composition  were the first steps

toward certification for commercial application.

The collection is constantly acquiring new cell cultures. The priority is given to endemic and endangered medicinal

species with proven use in traditional medicine. Most recent examples include the cell cultures of Sutherlandia frutescens
and Alhagi maurorum, which are both medicinal plants of the Fabaceae family and contain both secondary metabolites

and a unique composition of FAs , as well as cell cultures of Ajuga turkestanica and Panax vietnamensis with high

antioxidant potential.

In conclusion, the All-Russian Collection of Plant Cell Cultures holds a valuable gene pool of cell culture strains of high

biotechnological value and model strains for research and commercial application. This gene pool is a base for research

and cell-culture biotechnology in-house and outside IPPRAS. The collection also provides services to research institutes

and commercial companies by depositing cell strains for patent purposes, induction of new cell cultures based on the

user’s interest, cell culture evaluation, passport development, etc.

References

1. Xu, J.; Zhang, N. On the way to commercializing plant cell culture platform for biopharmaceuticals: Present Status and
Prospect. Pharm. Bioprocess. 2014, 2, 499–518.

2. Davoodi, A.; Khoshvishkaie, E.; Azadbakht, M. Plant cells technology as an effective biotechnological approach for high
scale production of pharmaceutical natural compounds: A meta-analysis study. Pharm. Biomed. Res. 2019, 5, 1–9.

3. Nosov, A.M. Application of cell technologies for production of plant-derived bioactive substances of plant origin. Appl.
Biochem. Microbiol. 2012, 48, 609–624.

4. Yue, W.; Ming, Q.; Lin, B.; Rahman, K.; Zheng, C.-J.; Han, T.; Qin, L. Medicinal plant cell suspension cultures:
Pharmaceutical applications and high-yielding strategies for the desired secondary metabolites. Crit. Rev. Biotechnol.
2016, 36, 215–232.

5. Smart, N.J.; Fowler, M.W. An airlift column bioreactor suitable for large-scale cultivation of plant cell suspensions. J.
Exp. Bot. 1984, 35, 531–537.

6. Sato, F.; Yamada, Y. High berberine-producing cultures of Coptis japonica cells. Phytochemistry 1984, 23, 281–285.

7. Tabata, M.; Fujita, Y. Production of shikonin by plant cell cultures. In Biotechnology in Plant Science; Zaitlin, M., Day, P.,
Hollaender, A., Eds.; Elsevier: Orlando, FL, USA, 1985; pp. 207–218.

8. Sasson, A. Production of useful biochemicals by higher-plant cell cultures: Biotechnological and economic aspects. In
Biotechnology: Economic and Social Aspects; Da Silva, E., Ratledge, C., Sasson, A., Eds.; Cambridge University
Press: Cambridge, UK, 1992; pp. 81–109.

9. Rittershaus, E.; Ulrich, J.; Weiss, A.; Westphal, K. Large scale industrial fermentation of plant cells: Experiences in
cultivation of plant cells in a fermentation cascade up to a volume of 75,000 L. BioEngineering 1989, 5, 28–34.

10. Kobayashi, Y.; Akita, M.; Sakamoto, K.; Liu, H.; Shigeoka, T.; Koyano, T.; Kawamura, M.; Furuya, T. Large-scale
production of anthocyanin by Aralia cordata cell suspension cultures. Appl. Microbiol. Biotechnol. 1993, 40, 215–218.

11. Ulbrich, B.; Wiesner, W.; Arens, H. Large-scale production of rosmarinic acid from plant cell cultures of Coleus blumei
Benth. In Primary and Secondary Metabolism of Plant Cell Cultures; Proceedings in Life Sciences; Neumann, K.H.,
Barz, W., Reinhard, E., Eds.; Springer: Berlin, Germany, 1985; pp. 293–303.

[44]

1 1 1 1 2 3 2 3

0
[58]

[55]

[48]

[55][56]

[55][56] [55] [46]

[40][59]



12. Kreis, W. Exploiting plant cell culture for natural product formation. J. Appl. Bot. Food Qual. 2019, 92, 216–225.

13. Yazaki, K. Lithospermum erythrorhizon cell cultures: Present and future aspects. Plant Biotechnol. 2017, 34, 131–142.

14. Krasteva, G.; Georgiev, V.; Pavlov, A. Recent applications of plant cell culture technology in cosmetics and foods. Eng.
Life Sci. 2021, 21, 68–76.

15. Barbulova, A.; Apone, F.; Colucci, G. Plant cell cultures as source of cosmetic active ingredients. Cosmetics 2014, 1,
94–104.

16. Trehan, S.; Michniak-Kohn, B.; Beri, K. Plant stem cells in cosmetics: Current trends and future directions. Futur. Sci.
OA 2017, 3, FSO226.

17. Eibl, R.; Meier, P.; Stutz, I.; Schildberger, D.; Hühn, T.; Eibl, D. Plant cell culture technology in the cosmetics and food
industries: Current state and future trends. Appl. Microbiol. Biotechnol. 2018, 102, 8661–8675.

18. Nohynek, L.; Bailey, M.; Tähtiharju, J.; Seppänen-Laakso, T.; Rischer, H.; Oksman-Caldentey, K.; Puupponen-Pimiä,
R.; Seppänen-Laakso, T.; Rischer, H.; Oksman-Caldentey, K.; et al. Cloudberry (Rubus chamaemorus) cell culture with
bioactive substances: Establishment and mass propagation for industrial use. Eng. Life Sci. 2014, 14, 667–675.

19. Nordlund, E.; Lille, M.; Silventoinen, P.; Nygren, H.; Seppänen-Laakso, T.; Mikkelson, A.; Aura, A.-M.; Heiniö, R.-L.;
Nohynek, L.; Puupponen-Pimiä, R.; et al. Plant cells as food—a concept taking shape. Food Res. Int. 2018, 107, 297–
305.

20. Suvanto, J.; Nohynek, L.; Seppänen-Laakso, T.; Rischer, H.; Salminen, J.P.; Puupponen-Pimiä, R. Variability in the
production of tannins and other polyphenols in cell cultures of 12 nordic plant species. Planta 2017, 246, 227–241.

21. Korkina, L.G.; Mikhal’chik, E.; Suprun, M.V.; Pastore, S.; Dal Toso, R. Molecular mechanisms underlying wound healing
and anti-inflammatory properties of naturally occurring biotechnologically produced phenylpropanoid glycosides. Cell.
Mol. Biol. (Noisy-Le-Grand) 2007, 53, 84–91.

22. Di Paola, R.; Esposito, E.; Mazzon, E.; Riccardi, L.; Caminiti, R.; Dal Toso, R.; Pressi, G.; Cuzzocrea, S. Teupolioside,
a phenylpropanoid glycosides of Ajuga reptans, biotechnologically produced by IRBN22 plant cell line, exerts beneficial
effects on a rodent model of colitis. Biochem. Pharmacol. 2009, 77, 845–857.

23. Active botanicals research stem cells. Extract of Ajuga reptans Titrated in TEUPOLIOSIDE. Available online:
https://abres.it/en/teupolioside/ (accessed on 14 April 2023).

24. Choi, H.-K.; Son, J.-S.; Na, G.-H.; Hong, S.-S.; Park, Y.-S.; Song, J.-Y. Mass production of paclitaxel by plant cell
culture. J. Plant Biotechnol. 2002, 29, 59–62.

25. VTT Technical Research Centre of Finland Ltd. VTT Culture Collection. Available online: http://culturecollection.vtt.fi
(accessed on 14 April 2023).

26. Experimental Plant Division. RIKEN BioResource Research Center. Plant Cultured Cell Resources. Available online:
https://epd.brc.riken.jp/en/pcellc (accessed on 14 April 2023).

27. Máthé, C.; Demeter, Z.; Resetár, A.; Gonda, S.; Balázs, A.; Szôke, É.; Kiss, Z.; Simon, Á.; Székely, V.; Riba, M.; et al.
The Plant Tissue Culture Collection at the Department of Botany, University of Debrecen. Acta Biol. Szeged. 2012, 56,
179–182.

28. Laboratory of Plant Biotechnologies. Available online: http://lpb.ueb.cas.cz/About.html (accessed on 14 April 2023).

29. Pinaev, G.P.; Poljanskaya, G.G. Creation and development of the Russian collection of human, animal and plant cell
cultures. In Cell Cultures. Information Bulletin. V. 26; Bogdanova, M.S., Ed.; Polytechnical University: Saint-Petersburg,
Russia, 2010; Volume 61, pp. 3–61.

30. Popova, E.V.; Nosov, A.V.; Titova, M.V.; Kochkin, D.V.; Fomenkov, A.A.; Kulichenko, I.E.; Nosov, A.M. Advanced
biotechnologies: Collections of plant cell cultures as a basis for development and production of medicinal preparations.
Russ. J. Plant Physiol. 2021, 68, 385–400.

31. Butenko, R.G. The tissue culture of medical plants and its possible use in pharmacy. Vopr. Farmakogn. 1967, 21, 184.

32. Slepyan, L.I.; Grushevitskii, I.V.; Butenko, R.G. Ginseng as an object for introduction into tissue culture in vitro. Vopr.
Farmakogn. 1967, 21, 198.

33. Nosov, A.M.; Popova, E.V.; Kochkin, D.V. Isoprenoid production via plant cell cultures: Biosynthesis, accumulation and
scaling-up to bioreactors. In Production of Biomass and Bioactive Compounds Using Bioreactor Technology; Paek,
K.Y., Murthy, H.N., Zhong, J.J., Eds.; Springer: Dordrecht, The Netherlands, 2014; pp. 563–623.

34. Novikova, G.V.; Stepanchenko, N.S.; Zorina, A.A.; Nosov, A.V.; Rakitin, V.Y.; Moshkov, I.E.; Los, D.A. Coupling of cell
division and differentiation in Arabidopsis thaliana cultured cells with interaction of ethylene and ABA signaling
pathways. Life 2020, 10, 15.



35. Orlova, Y.V.; Majorova, O.V.; Khalilova, L.A.; Voronkov, A.S.; Fomenkov, A.A.; Nosov, A.V.; Popova, L.G.; Balnokin, Y.V.
Participation of endocytosis in sodium ion uptake by the cells of Arabidopsis thaliana (L.) Heynh in the suspension
culture. Biochem. (Moscow), Suppl. Ser. A Membr. Cell Biol. 2018, 12, 382–389.

36. Orlova, Y.V.; Sergienko, O.V.; Khalilova, L.A.; Voronkov, A.S.; Fomenkov, A.A.; Nosov, A.V.; Popova, L.G.; Shuvalov,
A.V.; Ryabova, A.V.; Balnokin, Y.V. Sodium transport by endocytic vesicles in cultured Arabidopsis thaliana (L.) Heynh.
cells. Vitr. Cell. Dev. Biol. Plant 2019, 55, 359–370.

37. Novikova, G.V.; Mur, L.A.J.; Nosov, A.V.; Fomenkov, A.A.; Mironov, K.S.; Mamaeva, A.S.; Shilov, E.S.; Rakitin, V.Y.;
Hall, M.A. Nitric oxide has a concentration-dependent effect on the cell cycle acting via EIN2 in Arabidopsis thaliana
cultured cells. Front. Physiol. 2017, 8, 1–11.

38. Zlobin, I.E.; Pashkovskiy, P.P.; Kartashov, A.V.; Nosov, A.V.; Fomenkov, A.A.; Kuznetsov, V.V. The relationship between
cellular Zn status and regulation of Zn homeostasis genes in plant cells. Environ. Exp. Bot. 2020, 176, 104104.

39. Kochkin, D.V.; Demidova, E.V.; Globa, E.B.; Nosov, A.M. Profiling of taxoid compounds in plant cell cultures of different
species of yew (Taxus Spp.). Molecules 2023, 28, 2178.

40. Nosov, A.V.; Titova, M.V.; Fomenkov, A.A.; Kochkin, D.V.; Galishev, B.A.; Sidorov, R.A.; Medentsova, A.A.; Kotenkova,
E.A.; Popova, E.V.; Nosov, A.M. Callus and suspension cell cultures of Sutherlandia frutescens and preliminary
screening of their phytochemical composition and antimicrobial activity. Acta Physiol. Plant. 2023, 45, 42.

41. Titova, M.V.; Kochkin, D.V.; Sobolkova, G.I.; Fomenkov, A.A.; Sidorov, R.A.; Nosov, A.M. Obtainment and
characterization of Alhagi persarum Boiss. et Buhse callus cell cultures that produce isoflavonoids. Appl. Biochem.
Microbiol. 2021, 57, 20–30.

42. Glagoleva, E.S.; Konstantinova, S.V.; Kochkin, D.V.; Ossipov, V.; Titova, M.V.; Popova, E.V.; Nosov, A.M.; Paek, K.-Y.
Predominance of oleanane-type ginsenoside R0 and malonyl esters of protopanaxadiol-type ginsenosides in the 20-
year-old suspension cell culture of Panax japonicus C.A. Meyer. Ind. Crops Prod. 2022, 177, 114417.

43. Titova, M.V.; Popova, E.V.; Shumilo, N.A.; Kulichenko, I.E.; Chernyak, N.D.; Ivanov, I.M.; Klushin, A.G.; Nosov, A.M.
Stability of cryopreserved Polyscias filicifolia suspension cell culture during cultivation in laboratory and industrial
bioreactors. Plant Cell Tissue Organ Cult. 2021, 145, 591–600.

44. Demidova, E.V.; Reshetnyak, O.V.; Oreshnikov, A.V.; Nosov, A.M. Growth and biosynthetic characteristics of ginseng
(Panax japonicus Var. Repens) deep-tank cell culture in bioreactors. Russ. J. Plant Physiol. 2006, 53, 134–140.

45. Titova, M.V.; Shumilo, N.A.; Kulichenko, I.E.; Ivanov, I.M.; Sukhanova, E.S.; Nosov, A.M. Features of respiration and
formation of steroidal glycosides in Dioscorea deltoidea cell suspension culture grown in flasks and bioreactors. Russ.
J. Plant Physiol. 2015, 62, 557–563.

46. Titova, M.V.; Popova, E.V.; Konstantinova, S.V.; Kochkin, D.V.; Ivanov, I.M.; Klyushin, A.G.; Titova, E.G.; Nebera, E.A.;
Vasilevskaya, E.R.; Tolmacheva, G.S.; et al. Suspension cell culture of Dioscorea deltoidei—a renewable source of
biomass and furostanol glycosides for food and pharmaceutical industry. Agronomy 2021, 11, 394.

47. Titova, M.V.; Reshetnyak, O.V.; Osipova, E.A.; Osip’yants, A.I.; Shumilo, N.A.; Oreshnikov, A.V.; Nosov, A.M.
Submerged cultivation of Stephania glabra (Roxb.) Miers cells in different systems: Specific features of growth and
accumulation of alkaloid stepharine. Appl. Biochem. Microbiol. 2012, 48, 645–649.

48. Khandy, M.T.; Kochkin, D.V.; Tomilova, S.V.; Galishev, B.A.; Sukhanova, E.S.; Klyushin, A.G.; Ivanov, I.M.; Nosov, A.M.
Obtaining and study of callus and suspension plant cell cultures of Tribulus terrestris L., a producer of steroidal
glycosides. Appl. Biochem. Microbiol. 2017, 53, 800–806.

49. Kotin, A.M.; Bichevaya, N.K. Anti-Teratogenic Agent. Patent No. WO1996002266A1, 1 February 1996.

50. Karanova, S.L.; Shamina, Z.B.; Rapoport, I.A. Effect of N-NMU on the variability of cell population of Dioscorea
deltoidea in vitro. Genetica 1975, 11, 35–40.

51. Khandy, M.T.; Titova, M.V.; Konstantinova, S.V.; Kochkin, D.V.; Ivanov, I.M.; Nosov, A.M. Formation of protodioscin and
deltoside isomers in suspension cultures of nepal yam (Dioscorea deltoidea Wall.) cells. Appl. Biochem. Microbiol.
2016, 52, 657–662.

52. Kochkin, D.V.; Khandy, M.T.; Zaitsev, G.P.; Tolkacheva, N.V.; Shashkov, A.S.; Titova, M.V.; Chirva, V.Y.; Nosov, A.M.
Protodioscin in Dioscorea deltoidea suspension cell culture. Chem. Nat. Compd. 2016, 52, 664–668.

53. Lipsky, A.K.; Nosov, A.M.; Paukov, V.N.; Karanova, S.L. Growth and metabolism of the Dioscorea deltoidea cell culture
on submerged cultivation. In Plant Cell Culture; Butenko, R.G., Ed.; MIR Publishers: Moscow, Russia, 1985; pp. 76–
107.

54. Titova, M.V.; Khandy, M.T.; Konstantinova, S.V.; Kulichenko, I.E.; Sukhanova, E.S.; Kochkin, D.V.; Nosov, A.M. Effect of
inhibitors of two isoprenoid biosynthetic pathways on physiological and biosynthetic characteristics of Dioscorea
deltoidea cell suspension culture. Russ. J. Plant Physiol. 2016, 63, 894–900.



55. Povydysh, M.N.; Titova, M.V.; Ivkin, D.Y.; Krasnova, M.V.; Vasilevskaya, E.R.; Fedulova, L.V.; Ivanov, I.M.; Klushin,
A.G.; Popova, E.V.; Nosov, A.M. The hypoglycemic and hypocholesterolemic activity of Dioscorea deltoidea, Tribulus
terrestris and Panax japonicus cell culture biomass in rats with high-fat diet-induced obesity. Nutrients 2023, 15, 656.

56. Povydysh, M.N.; Titova, M.V.; Ivanov, I.M.; Klushin, A.G.; Kochkin, D.V.; Galishev, B.A.; Popova, E.V.; Ivkin, D.Y.;
Luzhanin, V.G.; Krasnova, M.V.; et al. Effect of phytopreparations based on bioreactor-grown cell biomass of Dioscorea
deltoidea, Tribulus terrestris and Panax japonicus on carbohydrate and lipid metabolism in Type 2 diabetes mellitus.
Nutrients 2021, 13, 3811.

57. Kotin, O.A.; Kotin, A.M.; Emel’yanov, M.O. Use of a Preparation of the Plant Polyscias filicifolia for Treating Mineral
Deficiencies. Patent WO2022010387A1, 13 January 2022.

58. Kochkin, D.V.; Kachala, V.V.; Shashkov, A.S.; Chizhov, A.O.; Chirva, V.Y.; Nosov, A.M. Malonyl-ginsenoside content of a
cell-suspension culture of Panax japonicus Var. Repens. Phytochemistry 2013, 93, 18–26.

59. Titova, M.V.; Kochkin, D.V.; Fomenkov, A.A.; Ivanov, I.M.; Kotenkova, E.A.; Kocharyan, G.L.; Dzhivishev, E.G.;
Mekhtieva, N.P.; Popova, E.V.; Nosov, A.M. Obtaining and characterization of suspension cell culture of Alhagi
persarum Boiss. et Buhse: A producer of isoflavonoids. Russ. J. Plant Physiol. 2021, 68, 652–660.

Retrieved from https://encyclopedia.pub/entry/history/show/104856


