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ABSTRACT

Taxanes are dipropenoid compounds with known anti-cancer effects. One of the most important Taxanes is
Taxol. Since the traditional method of Taxol extraction from the yew bark was inefficient and non-
economic, attempts expanded to find an effective method. The tissue culture and cell culture was known as
the most desirable method in this field. Using elicitors is one of the best ways to improve the production of
secondary metabolites. Therefore, in this study, the effect of 0.125 and 0.625 mg/L of copper sulfate during
two and seven days on the amount of Taxol and 10- Deacetylbaccatin 111 (10- DAB) in the cell suspension
culture of T. baccata was studied. The results showed that the concentration of 125.0 mg / L over seven days
resulted in a significant increase (43%) of 10- DAB, while the concentration of 0.625 mg / L over the same
period resulted in a significant reduction of Taxol (23%) and 10-DAB (16%0). Also, the effect of selective
concentration of copper sulfate (0.125 mg/L) on the expression of txs, dbat, bapt and dbtnbt over 12, 24 and
48 hours were studied. The results declared that the expression level of dbat increased five times after 12
hours but the expression of other genes is very low and as the same as control, even expression of txs after
24 hours suppressed. Although this significant increase in 10-DAB is negligible, but for the importance of
this material as a taxol precursor, these results could be notable.
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Figure 1. Taxus baccata cell cultures A) Callus induction in solid medium B) Calluse after five
subcultures in a solid culture medium C) Cell suspension after five subcultures in a liquid medium
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Table 1. Sequences of the primers used to amplify the genes under study

Designation Primer sequence Product size (bp)
ACTIN F:5-GCGTGAAATTGTCCGCGATG-3' 148
R:5-CCGTTCTGCACCAATCGTGA-3'
TXS F:5-CCGTGTACCCTACAACCAATAC-3' 118
R:5-TTGTTAGTCGCCAGCTCAAG-3'
DBAT F:5-CTCTCCACCCTTGACAATCTAC-3' 119
R:5-GAGAGAGCCTGCCGAATTAC-3'
BAPT F:5-TGTGGGAGCGAATGTGTATG-3' 137
R:5-CTAGCTTCACCAGTTCTCTATTCC-3'
DBTNBT F:5-GAGGTTAAGCCCTCACTAGAAC-3' 104
R:5-GGAGGTGGGCATATCGAATC-3'
bSOl ouili)ly 42325 ¥ Jgor
Table 2. Variance analysis of Taxan
MS
10-DAB taxol Df S.0.V.
68820.50™ 56000 1 Time
69168.72"" 54780™ 2 Concentration
111078.16™ 131052 2 Concentration *Time
251.25 689 10 error
1.01 1.23 % )(CV

20,8 S Jliol mhaw )0 lo gixe g o gixe ju ol s g NS

** ns: significantly different at 1% and nonsignificant, respectively
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65 <V s g O 3B s s Laul

SJseage 1 M 5L & N sl
-CoA  Lslbgy Ju8-\W-C ousas) Bapt
o oV L i ails Jlasl oS (il
sasaS) dbtnbt 5 was e plxl 1, 11 5150

W) XS o5 Lk ole Ceioren axdllas Q—.’.‘ X
adsl ol jo a5 (Gl o) o LST oS

taxa- 4 GGPP il bows g o)l il 3iwgn
-V eausas) dbat ol lseags 1,4,11-diene

1945 Gyl 3 L O-Y o=l 3L sl



5 TXS, DBAT, BAPT, DBTNB (slosj e 5 pmeclilyms oSy 5l 10 et 5 ey ol 5.

sblS g ml3dl g wleais aslil 5iSU o oyl
Oliee 8 S 4 pmie @l s ) S Gl
Golt S egn 5 L yrs 5 39,5 ood Codsilie
Ramirez-) cusls auslgs 2B aiwe) opl o

.(Estrada., 2014

ol el as s s obs plis Lol adlas
Olme 5o GlBl cxge 5 Y5k loy j0 Syme
e eed > YL bl Ll 5s,5 oo 10-DAB
JsuSG g 10-DAB i iolS el o)l
39 Capomw Sloul ¢ puiiog Dladod 4 azgi b 0o )S
oeols o Wil o SYsb ey 5 YU lacdale
05 9985 Ll 5l s ole oz 5o il Sdgilie
o bl JouST odgi caiSogame Jalge « SLL
L Opizmed s HUEDH I 590 (ol 05 (yliae 25l
G Cas XS by Liall ldlas ple @ 4y
o OleS 5 30 g aeas b b e Wil o0 J S
sledsee 95k p e slagyg lawg cadade
oz Sl JeuSU jlwge a5,z adl i)
e b ysbts 05 S ol RIS 5 il 5 0099
Olidod g 005 o8 Cdplie Gl e a

el LS 0550 Ainy ol 4O (6 i

REFERENCES

28 Gl Jsie N JseSE Jsiiss
WS gy ) B JouSE 0y Al ye ()5
Olyear ST mupl g0 a8 el 53 LB (OS5
wlllae o Wl lold SLL slajlyandl s
29° Sk 0 93 JiSa )0 9 lo o5 Oliee Sl
Cbgisy Sl Oldlhae o g esss Uasl )
31 oSl (bapt 4 dbtnbt) JLL slel,ansl s
Nimesetal., ) cul ool (3,155 ays plo Culgg,
ool a5 Wioges sleriny puiise opl 0gdMeas (2006
N O N N AT JOw
oelS adlllas Gl yo Geizmes aiBlige JguSU
Y ousefi et 00,5 sualicve J 8 4 Cowd tXS Lo
e S e cale 1381 L aS ol Las al. (2015)
Gl cdplie w0 S50 DXR 05 oo
O S esliiul (6,508 addlhae yo (rpizmen Wbos
My e FNS1 0 Ol e carge e
Shahbazi & Riahimadvar, ) ws 5 clele
by |y s ole (Rl (i oles )0 2014
bugi ool oy ew LSS WU 5 pew L
35k p» (g ROS H202 wile) o slogyes
(Adriano et al., 2001) sl gy o JsUse
St J5eSB Fisg a5 & el 55 G
FESNSERT NG IPRERS BT IPRIT IR

1.

2.

3.

Adriano, D. C. (2001). Trace elements in terrestrial environments; Biochemistry, Bioavailability
and Risk of Metals. Springer-Verlag, 37: 15-20.
Angelova, Z., Georgiev, S. & Roos, W. (2006). Elicitation of plants. Biotechnology &
Biotechnological Equipment, 20: 72-83.
Aziz, A., Trotel-Aziz, P., Dhuicq, L., Jeandet, P., Couderchet, M. & Vernet, G. (2006). Chitosan
oligomers and copper sulfate induce grapevine defense reactions and resistance to gray mold
and downy mildew. Phytopathology, 96: 1188-1194.
Baenas, N., Garcia-Viguera., C. & Moreno, D. A. (2014). Elicitation: A tool for enriching the
bioactive composition of foods. Molecules, 19: 13541-13563.
Balazova, A., Blanarikova, V., Bilka, F. & Bilkova, A. (2008). Effect of combined biotic and
abiotic elicitor on the sanguinarine formation in cell suspension cultures of Eschscholtzia
californica. ACTA Faccultatis Pharmaceutical, 55: 58-63.
Baldi, A., Singh, D. & Dixit, D. K. (2008). Dual elicitation for improved production of withaferin
a by cell suspension cultures of Withania somnifera. Appl Biochem Biotechnol, 151: 556-564.
Bhuiyan, M. N. & Adachi, T. (2003). Stimulation of betacyanin synthesis through exogenous
methyl jasmonate and other elicitors in suspension-cultured cells of Portulaca. J. Plant Physiol,
160: 1117-1124.
Bhuvaneswari, C. H., Rao, K., Gandi, S. & Giri, A. (2012).Abiotic elicitation of gymnemic acid
in the suspension cultures of Gymnema sylvestre. World J. Microbiol Biotechnol. 28: 741-747.



£ VWAA 5l ¥ 85l B+ 8,90 el sely; lalS pole

9. Bonfill, M., Palazén, J., Cusidd, R. M., Joly, S., Morales, C. & Pifiol, M. T. (2003). Influence of
elicitors on taxane production and 3-hydroxy-3-methylglutaryl coenzyme A reductase activity in
Taxus media cells. Plant Physiol Biochem, 41:91-6.

10.Bota, C. & Deliu, C. (2011). The effect of copper sulphat on the production of flavnoids in
digitalis lanata cell cultures. Farmacia, 59: 21-8.

11.Chang, C., Puryear, P. & Cairney, C. (1993). A Simple and Efficient Method for Isolating RNA
from Pine Trees. Plant Molecular Biology Report, 11(2): 23-29

12. Ciddi, V., Srinivasan, V. & Shuler, M. L. (1995). Elicitation of taxus cell for taxol production.
Biotechnological level, 17 (12): 1343-1346.

13.Cragg, G. M. & Newman, D. J. (2005). Plants as a source of anti-cancer agents. J.
Ethnopharmacol, 100: 72-79.

14. Cho, H. Y., Son, S. Y., Rhee, H. S, Yoon, S. Y. H., Lee-Parsons, C. W. & Park, J. M. (2008b).
Synergistic effects of sequential treatment with methyl jasmonate, salicylic acid and yeast
extract on benzophenanthridine alkaloid accumulation and protein expression in Eschscholtzia
californica suspension cultures. J. Biotechnol, 135: 117-122.

15. Exposito, O., Bonfill, M., Onrubia, M., Jane, A., Moyano, E., M. Cusido, R., Palazon, J. & Pinol,
T. (2009). Effect of taxol feeding on taxol and related taxan production in Taxus baccata
suspension culture. New Biotechnology, 25: 41-48

16. Davarpanah, S. J., Lahouti, M. & Karimian, R. (2014). Micropropagation of common yew using
embryo culture. Journal of Applied Biotechnology Reports, 1(2): 77- 80.

17.Fang, Y., Smith, M. A. L. & Pépin, M. F. (1999). Effects of exogenous methyl jasmonate in
elicited anthocyanin-producing cell cultures of ohelo (Vaccinum pahalae). In Vitro Cell. Dev.
Biol.-Plant, 35: 106-130

18. Gorelick, J. & Bernstein, N. (2014). Elicitation: An underutilized tool in the development of
medicinal plants as a source of therapeutic secondary metabolites. Adv. Agronomy, 124: 201-
230.

19. Gutierrez-Coronado, M. A., Parry, A., Tena, M., Jorrin, J. & Edwards, R. (1995). Abiotic
elicitation of coumarin phytoalexins in sunflower. Phytochemistry, 38: 1185-1191.

20. Jaakola, L., Pirttila, A. M., Halonan, M. & Hohtola, A. (2001). Isolation of high quality RNA
from bilberry (Vaccinium myrtillus L.) fruit. Mol Biotechnol, 19: 201-203.

21.Kai, G., Miaoa, Z., Zhang, L., Zhao, D., Liao, Z., Sun, X. & Zhao, L. (2006). Molecular cloning
and expression analyses of a new gene encoding 3-hydroxy-3methylglutaryl-CoA synthase from
Taxus media. Biol Plant, 50(3): 359—-366.

22.Kasparova, M., Siatka, T. & Dusek, J. (2007). Abiotic elicitation of Trifolium pratense L.
suspension culture, Ces. Slov. Farm, 56: 225-229.

23.Kim, D. L., Pedersen, H. & Chinc, K. (1991). Stimulation of berberine production in Thalicrum
rugosum suspension cultures in response to addition of cupric sulphate, Biotechnol. Lett, 13:
213-216.

24.Korsangruang, S., Soonthornchareonnon, N., Chintapakorn, Y., Saralamp, P.
& Prathanturarug S. (2010). Effects of abiotic and biotic elicitors on growth and isoflavonoid
accumulation in Pueraria candollei var. candollei and P. candollei var. mirifica cell suspension
cultures. Plant Cell Tiss Organ Cult, 103: 333-342.

25. Lakhotia, P., Singh K. P., Singh, S. K., Singh, M. C,, Prasad, K.V. & Swaroop K. (2014). In
uence of biotic and abiotic elicitors on production of betalain pigments in bougainvillea callus
cultures. Indian J. Hort, 71(3): 373-378

26.Liao, Z., Chen, M., Guo, L., Gong, Y., Tang, F., Sun, X. & Tang, K. (2004). Rapid isolation of
high-quality total RNA from Taxus and Ginkgo. Prep Biochem Biotechnol, 34(3): 209-214.

27.Malik, S., Cusido, R. M., Mirjalili, M. H., Moyano, E., Palazon, J. & Bonfill, M. (2011).
Production of the anticancer drug taxol in Taxus baccata suspension cultures: A review. Process
Biochemistry, 46: 23-34

28. Meier, P., Hotti, H. &. Rischer, H. (2015). Elicitation of furanocoumarins in poison hemlock
(Conium maculatum L.) cell culture. Plant Cell Tiss Organ Cult, 36: 34-38

29.Nasiri, J., Naghavi, M. R., Alizadeh, H., Moghadam, M. R. F., Mashouf, A. & Nabizadeh, M.
(2015a). Modified AHP-based decision-making model toward accurate selection of eligible
maintenance media for production of taxanes in Taxus baccata callus culture. Acta Physiol Plant,
37: 1-15.

30.Nims, E., Dubois, C. P., Roberts, S. C. & Walker, R. (2006). Expression profiling of genes
involved in paclitaxel biosynthesis for targeted metabolic engineering. Meta-engineering, 8: 385—



5 TXS, DBAT, BAPT, DBTNB (slosj e 5 pmeclilyms oSy 5l 10 et 5 ey ol sy

394.

31.Patil, R. A.,, Lenka, S. K., Normanly, J., Walker, E. L. & Roberts, S. C. (2014). Methyl
jasmonate represses growth and affects cell cycle progression in cultured Taxus cells. Plant Cell
Rep, 33: 1479-1492

32.Onrubia, M., Moyano, E., Bonfill, M., Expésito, O., Palazon, J. & Cusid6, R.M. (2010). An
approach to the molecular mechanism of methyl jasmonate and vanadyl sulphate elicitation in
Taxus baccata cell cultures: the role of txs and bapt gene expression. Biochemical Engineering
Journal, 53: 104-11.

33.0Onrubia, M., Cusidd, R. M., Ramirez, K., Hernandez-Vézquez, L., Moyano, E. & Bonfill, M.
(2013a). Bioprocessing of plant in vitro systems for the mass production of pharmaceutically
important metabolites: paclitaxel and its derivatives. Current Medicinal Chemistry, 20(7): 880-
91.

34.0Onrubia, M., Moyano, E., Bonfill, M., Cusidd, R. M., Goossens, A. & Palazon, J. (2013b).
Coronatine, a more powerful elicitor for inducing taxane biosynthesis in Taxus media cell
cultures than methyl jasmonate. Journal of Plant Physiology, 170(2): 211-229.

35. Ramirez-Estrada, K., Vidal-Limon., H, Hidalgo, Moyano, E., Golenioswki, M., Cusid6, R. M. &
Palazon, J. (2014). Elicitation, an Effective Strategy for the Biotechnological Production of
Bioactive High-Added Value Compounds in Plant Cell Factories. Molecules, 21: 182-189

36. Reddy, C. S., Praveena, C. h. & Veeresham, C. (2010). Strategies to Improve the Production of
Forskolin from Hairy Root Cultures of Coleus forskohlii Brig. International Journal of
Pharmaceutical Sciences and Nanotechnology. 5(2): 11-28

37.Sabater-Jara, A. B. & Pedrefio, M. A. (2013). Use of a-cyclodextrins to enhance phytosterol
production in cell suspension cultures of carrot (Daucus carota L.). Plant Cell Tissue and Organ
Culture, 114: 249-58.

38. Shahbazi, A. & Riahimadvar, A. (2014). Forskolin Production and Gene Expression of 1-Deoxy-
D-xylulose-5-PHosphate Reductoisomerase in Treated Coleus forskohlii Plant with Cu. Plant
Production Technology. 14, 2 (In Farsi).

39. Trejo-Tapia, G., Jimenez-Aparicio, A., Rodriguez- Monroy, M., De Jesus-Sanchez, A. &
Gutierrez- Lopez, G. (2001). In uence of cobalt and other microelements on the production of
betalains and the growth of suspension cultures of Beta vulgaris. Plant Cell Tiss. Org. Cult. 67:
19-23.

40.Wang, Y. F., Shi, Q. W., Dong, M., Kiyota, H., Gu, Y. C. & Cong, B. (2011). Natural taxanes:
Developments since 1828. Chem Rev, 111: 7652-77009.

41.Wu, J. A., Wang, C. B. & Mei, X. (2001). Stimulation of taxol production and excretion in Taxus
spp. cell cultures by rare earth chemical lanthanum. Journal of Biotechnology, 85: 67-73.

42.Yari Khosroushahi, A., Valizadeh, M., Ghasempour, A., Khosrowshahli, M., Naghdibadi, H.,
Dadpour, M. R. & Omidi, Y. (2005). Improved Taxol production by combination of inducing
factors in suspension cell culture of Taxus baccata, Cell Biology International, 30: 262-269.

43.Yousefi, K., Riahi-Madvar, A. & Baghizadeh, A. (2011). Investigation of the effects of Ag and
Cu elicitors on flavone synthase 1 gene expression and some biochemical parameters on
Cuminum cyminum L. endemic to Iran, Journal of Plant Research 28,1 (In Farsi).

44.Zhang, C. H., Mei, X. G,, Liu. L. & Yu, L. J. (2000). Enhanced paclitaxel production induced by
the combination of elicitors in cell suspension cultures of Taxus chinensis. Biotechnology Letters,
22: 1561-156

45.Zhang, J. F., Gong, S. & Guo, Z. G. (2011). Effects of different elicitors on 10-deacetylbaccatin
111-10-O-acetyl transferase activity and cytochrome P450 monooxygenase content in suspension
cultures of Taxus cuspidata cells. Cell Biol. Int. Rep. 18(1): art: e00009.

46. Zhao, J. & Sakai, K. (2003). Multiple signaling pathways mediate fungal elicitor-induced beta-
thujaplicin biosynthesis in Cupressus lusitanica. Cell Cultures, 4: 647-656.

47.Zhao, C., Song, G., Fu, C., Dong, Y., Xu, H., Zhang, H. & YuL, J. (2015). A systematic approach
to expound the variations in taxane production under different dissolved oxygen conditions in
Taxus chinensis cells. Plant Cell Rep, 29: 1-19.



