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Abstract

Catharanthus roseus is a highly significant medicinal plant that produces alkaloids with notable
therapeutic effects for treating various cardiovascular diseases and cancers. Due to the low
production of secondary metabolites, hairy root culture, which offers high stability, is a suitable
method to increase the efficiency of these metabolites. In this experiment, the effects of A4, A7, A13,
11325, 15834, and k599 strains, and of B5, 1/2B5, 1/4B5, MS, 1/2MS, and 1/4MS media on the
induction of hairy roots in leaf explants were evaluated. Then, the best medium for hairy root
proliferation was assessed in B5, 1/2B5, 1/4B5, 1/8B5, MS, 1/2MS, 1/4MS, and 1/8MS liquid media.
The effects of methyl jasmonate (0, 100, and 200 pM) on protein levels, EC, malondialdehyde, and
Catharanthine were investigated. The results showed that all strains induced hairy roots, but
differences in hairy root percentage were observed. The highest hairy root percentage (60.67%) was
obtained with the A4 strain and the 1/4B5 solid medium. The rate of hairy roots varied across
different liquid media, with the best medium yielding 1/4B5 hairy roots (4.146 g). Hairy roots treated
with methyl jasmonate showed an increase in the studied traits compared to the control, so that the
highest amount of protein (18.142 mg/g), EC (757.67 mS/mm), and MDA (0.118 nmol/g) was
observed in the 200 uM methyl jasmonate. The amount of Catharanthine also increased significantly
in hairy roots treated with 100 and 200 uM methyl jasmonate compared to the control. The results of
this study showed that using strain A4 in combination with 1/4 B5 medium provides the best
conditions for the induction and growth of hairy roots of Catharanthus roseus, and that the use of
methyl jasmonate as an elicitor significantly increases the production of proteins and valuable
secondary metabolites in hairy roots. These methods can be effective and sustainable strategies for
improving the yield of medicinal metabolites from C. roseus.
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Introduction

Beyond its ornamental appeal, Catharanthus roseus is renowned for its bioactive indole alkaloids such as
vincristine, vinblastine, and catharanthine, which have made it a cornerstone of pharmaceutical research and
cancer treatment. Catharanthine is a complex indole monoterpenoid alkaloid that plays an essential role in the
biosynthesis of anticancer agents such as vinblastine and vincristine. Plants synthesize secondary metabolites
such as alkaloids, flavonoids, and terpenoids through complex biosynthetic pathways that play important roles
in defense, stress response, and ecological interaction. /n vitro tissue culture techniques offer a powerful
alternative to plant culture for the production of secondary metabolites. Hairy root culture provides distinct
advantages for the production of secondary metabolites. Hairy roots retain the distinctive characteristics and
biosynthetic capacity of plant roots, leading to higher genetic stability and more stable production of
compounds such as alkaloids, phenols, and terpenoids. Elicitors play a fundamental role in stimulating plant
defense responses that lead to increased biosynthesis of secondary metabolites. Elicitors such as methyl
jasmonate and salicylic acid, by simulating biotic or abiotic stress conditions, activate key signaling pathways
and increase the expression of genes involved in the production of valuable compounds such as alkaloids,
flavonoids, and terpenoids. This study reviews an advanced biotechnological strategy to enhance secondary
metabolite production by optimizing hairy root formation. This method exploits Agrobacterium rhizogenes'
natural genetic transformation capabilities to generate fast-growing, hormone-independent root cultures with
high biosynthetic potential.

Materials and Methods

Catharanthus roseus seeds were immersed in 70% ethanol for 3 minutes, then surface-disinfected in 1.5%
sodium hypochlorite for 15 minutes, and after washing with sterile distilled water for 5 minutes three times,
they were cultured on MS medium. After 3 to 8 weeks, the seedlings were used to prepare explants and induce
hairy roots. To determine the best bacterial strain for hairy root induction, Agrobacterium rhizogenes strains
A4, A7, A13, 11325, 15834, and K599 were used. Leaf, stem, cotyledon, and node explants were isolated and
inoculated with bacterial strains. To remove excess bacteria, the explants were transferred to B5, 1/2B5, 1/4B5,
MS, 1/2MS, and 1/4MS media. After hairy root growth, MS, 1/2MS, 1/4MS, 1/8MS, BS, 1/2B5, 1/4B5, and
1/8B5 media were used to determine the optimal liquid medium. After hairy root growth, methyl jasmonate
(0, 100, and 200 uM) was applied. Seventy-two hours after treatment, sampling was performed, and the amount
of protein, electrical conductivity, malondialdehyde, and catharanthine was measured. Statistical calculations
and data analysis were performed with SPSS 16, and comparisons of means were performed using Duncan's
test at a 5% significance level.

Results and Discussion

Leaf explants, stems, cotyledons, and nodes were inoculated with 4. rhizogenus. Leaves were selected as
suitable explants and used for co-cultivation. In leaf explants inoculated with 4. rhizogenus strains, hairy roots
appeared on average after 13 days. According to the analysis of variance, the effects of the bacterial strain and
root medium were significant at the 1% level for the production of hairy roots in C. roseus. In addition, the
interaction between the bacterial strain and the rooting medium was significant at the 5% level. In general, the
highest rooting percentage was observed with strain A4 in 1/4B5 medium (60.67%), strain A4 in 1/2B5
medium (54%), and strain 15834 in 1/4B5 medium (52%). Hairy roots from strain A4 in 1/4B5 medium
appeared with more branches and faster growth, and the percentage of hairy roots in this treatment was higher
than in other strains and media. In all strains, as medium concentration decreased, the rate of hairy roots
increased, and this increase was greater in B5 medium than in MS medium. In other words, when BS medium
was used at lower concentrations (1/2 or 1/4), it had a much better effect on hairy root growth. These
observations indicate that hairy roots exhibit a significant response to the medium and its components, as
reflected in growth rate and root morphology. It can be assumed that hairy roots require a diluted medium for
establishment, proper growth, and maintenance of structure. It seems that at least part of this effect is due to
the response of hairy roots to the isotonic pressure of the medium. Analysis of variance revealed significant
differences among treatments for total protein, electrical conductivity, malondialdehyde, and catharanthine.
The highest amount of protein, electrical conductivity, malondialdehyde, and catharanthine was observed in
the 200 pM methyl jasmonate treatment. These results indicate the induction of a controlled stress response
and the activation of metabolic pathways involved in protein synthesis and the production of secondary
metabolites. Increased electrical conductivity indicates regulated ion leakage from root hair cells, thereby
enhancing ion exchange and access to essential precursors for catharanthine synthesis.
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Conclusion

The results of this study indicated that the use of strain A4 along with 1/4B5 medium provides the best
conditions for the induction and growth of hairy roots of C. roseus, and the use of methyl jasmonate
significantly increases the production of proteins and valuable secondary metabolites in hairy roots. These
methods can be used as effective and sustainable strategies to increase the yield of medicinal metabolites from
C. roseus.
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Figure 1- Different explants inoculated with Agrobacterium rhizogenes; A) stem, B) cotyledon, C) node, D) leaf
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Table 1. Variance analysis of hairy root percentage in different media and strains in periwinkle

Mean squares Degree of freedom Sources of change
2118.543" 5 Bacterial strain
3242.92%* 5 Rooting medium

165.494* 25 Bacterial strain x Rooting medium
98.398 72 Error
65 CV (%)

Mpbj.x.a):\JW!CE‘»JJLQBGN%..;JI@*}M

*

" and " Significant at the 1% and 5% probability level
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Table 2- Effect of Agrobacterium rhizogenes strain and medium on hairy rooting in leaf explants of periwinkle.
hairy root percentage Rooting medium Bacterial strain hairy root percentage Rooting medium Bacterial strain

6.67%" BS 36.67%4 B5
20.33%fe 1/2B5 5420 1/2B5
25.33%f 1/4B5 11325 60.67* 1/4B5
o MS 10" MS A4
oh 1/2MS 10.67¢°% 1/2MS
7.33%h 1/4MS 36.33%d 1/4MS
o BS 15.33¢feh B5
11.33¢feh 1/2B5 443b¢ 1/2B5
2] defe 1/4B5 Al3 522 1/4B5 15834
o MS o MS
o" 1/2MS 7feh 1/2MS
6.67% 1/4MS 11.33¢fh 1/4MS
9.33fh BS 15.67¢°% B5
15.67°% 1/2B5 29.33¢de 1/2B5
13¢fen 1/4B5 36b 1/4B5 A7
oh MS ot MS
o 1/2MS K599 3.33e 1/2MS
4.67% 1/4MS 6.67" 1/4MS

5P <005 mlaw 55 (5l5 me Codestl Soglize Cog o b yalie oSSl 0ge5T b SE £ 1 SG¥ (Kb

Average of 3 repetitions + SE, according to Duncan test values with different letters have significant differences at P< 0.05

K599 (F

Figure 2- Hairy roots formed in 1/4B5 medium from explants inoculated with strains A) A4, B) 15834, C) A7, D) 11325, E) A13, F)

K599
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Table 3- Variance analysis of the effect of different liquid media on the fresh weight of hairy roots in periwinkle

Mean squares

Degree of freedom

Sources of change

6.4 7 Medium
0.139 16 Error
26.19 CV(%)

** Significant at the 1% probability level

Hairy root fresh weight (gr)

MS 1/2MS 1/4MS 1/8MS
Medium

7N it o (3 I3 cime **

BS 1/2B5 1/4B5 1/8B5
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Figure 3- Effect of different liquid media on the fresh weight of hairy roots. Average of 3 repetitions + SE, according to Duncan test

values with different letters have significant differences at P < 0.05
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Figure 4- Comparison of different liquid media in hairy root growth A) 1/8B5, B) 1/4B5, C) 1/2BS, D) BS, E) 1/8MS, F) 1/4MS, G)

1/2MS, H) MS
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Table 4- Variance analysis of the effect of methyl Jasmonate on the biochemical properties of hairy roots of periwinkle

Mean squares Degree of freedom Sources of change
Catharanthine MDA EC Protein
0.003* 0.008** 67701+ 50.265* 2 Treatment
0.001 0.0005 1224 3.198 6 Error
24.52 34.35 5.83 12.63 CV (%)

M}bb‘gu\.;);\kalcla,»);dj;gbu%;q*jw

*

" and ” Significant at the 1% and 5% probability level
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Figure 5- Effect of methyl jasmonate on total protein content (A), EC (B), MDA (C), and catharanthine (D) in hairy roots of Perennial.
Average of 3 repetitions + SE, according to Duncan test values with different letters have significant differences at P <0.05
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Figure 6- Retention time of catharanthine standard in HPLC
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