— Journal of Medicinal Plants

Improving Trigonelline Production in Hairy Root Culture of
Fenugreek (Trigonella foenum-graecum)

Qaderi A (Ph.D.)', Akbari Z (M.Sc.)?, Kalateh-jari S (Ph.D.)?, Fatehi F (Ph.D.)*, Tolyat M
(Ph.D.)!, Jalali Moghadam M (M.Sc.)®, Naghdi Badi H (Ph.D.)*"

1- Medicinal Plants Research Center, Institute of Medicinal Plants, Karaj, Iran

2- Science and Research Branch, Islamic Azad University, Department of
Horticultural, Tehran, Iran

3- Payame Noor University (PNU), P.O.BOX: 19395-3697, Tehran, Iran

* Corresponding author: Medicinal Plants Research Center, Institute of Medicinal
Plants, ACECR, 55th Kilometer of Tehran-Qazvin Freeway, Karaj, Iran

Tel: +98-26-34764010-19, Fax: +98-26-34764021

E-mail: Naghdibadi@yahoo.com

Received: 9 Apr. 2016 Accepted: 26 June 2016

Abstract

Background: Trigonella foenum-graecum L. commonly known as fenugreek is a rich source of
important medicinal metabolite, i.e. trigonelline.

Objective: In this study, hairy roots culture as a novel method for trigonelline production was
evaluated.

Methods: For optimizing the hairy roots culture of Trigonella foenum-graecum, three strains of
Agrobacterium rhyzogenes (ATCC15834, MSU440 and K599) via two inoculations methods
including scotch and vacuum pump were used to agro-infiltration. Two elicitors including methyl
jasmonate (0, 25, 50, 100 and 200 uM) and chitosan (0, 50, 100, 150 and 200mgl ') were added to
liguid medium as abiotic and biotic elicitors in various concentrations, respectively.

Results: The trigonelline content was increased via elicitation by methyl jasmonate and chitosan
against control condition. The maximum trigonelline (36.7 and 37.3 mM/g D.W) were observed in
100 uM of methyl jasmonate and 150 mg/I of chitosan, respectively.

Conclusion: All parts of the seedling (crown, stem and leaf) were able to produce the hairy
roots. Also, the highest dry weight of hairy root was obtained by A. rhizogenes strain 15834. The
transformation of fenugreek using Agrobacterium rhizogenes to form hairy root cultures has the
potential benefits of fast growth and rates of secondary metabolite production equal to or greater
than that found for the intact plant.

Keywords: Trigonella foenum-graecum L., Hairy Root Culture, Trigonelline, Chitosan, Methyl
jasmonate
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Introduction

Fenugreek (Trigonella foenum-graecum L.)
belonging to the subfamily Papilionaceae,
family the Fabaceae, is a valuable medicinal
plant which is widely cultivated throughout the
world [2]. Fenugreek has various properties
such as anti-diabetic, anti-cancerous, anti-
microbial and hypocholesterolemic [13].
Therefore, it is necessary to find optimum
methods for its metabolites production.

A new method of production of plant
metabolites is hairy root cultures, and
elicitation can be applied as an important
strategy to improve their production. A wide
variety of substances (biotic and abiotic) are
able to act as elicitor which can trigger the
production of many secondary metabolites in
plants. As the elicitation process is mediated
different
pathways, many researchers have also used the

through signal  transduction
signaling molecules as elicitor [3]. Methyl
jasmonate (MelJa) derived from linolenic acid
by the octadecanoid pathway has been shown
to be a powerful inducer of secondary
metabolites in various plants [9]. Chitosan, a
polymer of B-(1, 4)-glucosamine, is known to
be an effective inducer of secondary
metabolites in plants and it is obtained by
alkaline hydrolysis of shellfish chitin [15].
Trigonelline is a plant hormone, which is
claimed to have anti-carcinogenic, anti-
migraine,
and hypoglycemic activities. Fenugreek
(Trigonella foenum-graecum) is a plant which

contains trigonelline [23]. Jayant [7] reported

anti-septic, hypocholesterolemia,

biosynthesis  of  trigonelline. A  few
investigations have done to produce diosgenin
cultures of

and trigonelline by tissue
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T. foenum-graecum. The development of
Fenugreek cell suspension culture has been
achieved by Radwan and Kokate [18]. Hairy
root culture of T. foenum-graecum has been
established with Agrobacterium rhizogenes
strain A4 for diosgenin production [11, 25].
Mathur and Yadav [10] studied the effect of
salicylic acid on trigonelline production in
Trigonella foenum-graecum cell suspension
culture. The present study intended to evaluate
the effects of two elicitors (including methyl
jasmonate and chitosan) and a medium on
trigonelline production in hairy root culture of
fenugreek.

Materials and Methods

Plant material: Persian fenugreek seeds
(TF-925) were obtained from seed bank of the
institute of Medicinal Plants, ACECR, Iran.
Seeds surface were sterilized by sodium
hypochlorite solution 2% (W/V) for 6 min.
After washing with sterile distilled water, the
seeds were cultured in hormone-free MS
medium (Murashige and Skoog, 1962) and
maintained at 25°C under light condition.

Bacterial strain: Three Agrobacterium
rhizogenes strains (ATCC15834, K599 and
MSU440) were used to induce hairy roots. The
bacteria were cultured into 250 ml liquid
Luria-Bertani medium (LB) supplement with
rifampicin antibiotic (50ug/ml) and held for
48h in 28°C under darkness with shaking. The
optimal density monitored at 600 nm (ODggp)
was approximately 0.4 — 0.8 [25].

Agro infiltration method and Induction
of hairy root: To induce medium providing,
100 ul of A. rhizogenes suspension culture



transferred to MS medium supplemented with
100uM acetosyringone and 6% sucrose, (pH
5.8). After 10 minutes, the seedlings were
infiltrated by two methods of scotch and
vacuum pump. Then infiltrated explants were
cultured in MS medium supplemented with
cefotaxime (100pg/ml) under 16 h lights, 8 h
darkness photoperiod at 25°C. For confirming
the induced hairy root, the Polymerase Chain
Reaction (PCR) analysis was performed by

rolB  (The forward primer was 5'-
GCTCTTGCAGTGCTAGATTT-3', and
reverse primer was 5'-

GAAGGTGCAAGCTACCTCTC -3') and
virD genes (The forward primer was 5'-
ATGTCGCAAGGCAGTAAGCCC-3', and
reverse primer was 5'-
GGAGTCTTTCAGCATGGAGCAA-3") in 36
thermal cycles. Total genomic DNA was
isolated according to CTAB method [1].

Growth analysis: The hairy roots were
cultured into MS basal medium supplemented
with 6% sucrose. To indicate the optimum
time of elicitation the content of trigonelline
and its growth index measured in 7, 14, 21 and
28 days.

Elicitation and Trigonelline analysis:
Methyl jasmonate from sigma (cat no. 39-270-
7) was dissolved in ethanol, filter-sterilized
(Filter 0.22 uM) [9] and Added to the cultures
of hairy root at final concentrations of 0, 25,
50, 100 and 200 puM. Chitosan was provided
from Sigma (cat no. 44-886-9) as well.
Chitosan was dissolved in 5% (v/v) 1 N
hydrochloric acid (HCI) through gentle heating
and continuous stirring. The pH was adjusted
to 5 with 1 N sodium hydroxide (NaOH). The
solution was stirred to dissolve chitosan
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further and then autoclaved for 15 min at
121°C. The solution was kept at 4°C prior to
use [15]. Chitosan was added to the cultures at
final concentrations of 0, 50, 100, 150 and 200
mg/L. Based on the other researches, the
highest dry weight was obtained in MS
medium supplemented with 6% sucrose at 21
days 12.2 (mg/g DM) and the highest amount
of trigonelline was obtained at MS medium
supplemented with 6% sucrose at 7 days 15.29
(mM/g DM) respectively [16]. The hairy root
cultures were elicited at 7™ days after
culturing. To analyze the trigonelline content,
elicited and non-elicited hairy root were
lyophilized. 10 mg of lyophilized samples
were extracted in 1 ml ethanol: water (6:4) (24
hours, 25 °C, 100 rpm) and the supernatant
was filtered (0.20 um) for HPLC. C18 column
was used, the mobile phase consisted of
acetonitrile-water (90:10) at a flow-rate of 1.2
ml/min, and detection wavelength was set at
UV 265 nm. The column temperature was
30°C [24].

Results

Several strains of A. rhizogenes are used to
induction of hairy root in plants successfully.
Also production of secondary metabolites in
hairy root has reported [26]. All parts of the
seedling including crown, stem and leaf were
able to produce the hairy root (Figure 1). Also,
the highest dry weight of hairy root was
obtained by A. rhizogenes strain ATCC15834
(Figure 2). The wverification of insertion
T-DNA segments in root genome was done by
PCR analysis with specific genes primers of
rolB and virD, after emergence of the hairy

roots (Figure 3).
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The use of chitosan (150 mg/L) and Mela
(100 pmol) as elicitors increased the amount
of trigonelline to 37.3 and 35.43 mM/g DM,
respectively (Figure 4, 5). The amount of the
trigonelline alkaloid was increased with
increasing chitosan concentration. Probably
greater production of trigonelline was due to
the effect of chitosan in the production cycle
of methyl jasmonate. With increasing chitosan
concentration to more than 150 mg/L, the

trigonelline content was reduced. Probably at
this concentration, the cells were destroyed.
With increasing concentration of methyl
jasmonate to more than 100 pmol, trigonelline
production rate was decreased. This reduction
was probably due to the burning of the cells. In
general, the results revealed that A. rhizogenes
strains, elicitors and the amount of sucrose are
crucial in enhancing trigonelline production.

Figure 1- The hairy root indused on all part of plantlet
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Figure 2- The effect of three strains of A. rhizogenes on dry matter production of T. foenum hairy roots
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Figure 3- PCR analysis of T. foenum hairy roots for rolB transgenes with three strains of Agrobacterium
rhizogenes

Trigonelline (mMio)

Methyl jasmonate (uM)

Figure 4- The effect of methyl jasmonate on trigonelline production in hairy roots. Methyl jasmdhate (0, 25, 50,
100 and 200 pM) was added to 7day
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Figure 5- The effect of chitosan on trigonelline production in hairy roots. Chitosan (0, 50, 100, 150 and
200mgl ) was added to 7 day

Discussion

In many studies, the important roles of
elicitors on over-production of secondary
metabolites in medicinal plants have verified
such as artemisinin production in hairy root
cultures of Artemisia annua [21], production
of diosgenine by hairy root cultures of
Trigonella  foenum- graecum [11] and
elicitation of diosgenin production in
Trigonella foenum-graecum seedling by heavy
metals and signaling molecules [3].

Previously, other studies have also reported
the  different

A. rhizogenes strains in promoting the

efficiency of  various
induction, growth and secondary metabolite
production of hairy roots. For example,
different A. rhizogenes strains affected growth
rate, saponin production and the ratio of
different astragal sides in transgenic root
cultures of Astragalus mongholicus [6]. The
strain of Agrobacterium also influenced the
development,

growth rate and tropane
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alkaloids production in transformed root
cultures of Hyoscyamus muticus [22, 8]. Hairy
root cultures of Gentiana macrophylla were
established by
A. rhizogenes strains and each hairy root lines

infecting  with  four

showed different response regarding growth
and production of secoiridoid glucoside
gentiopicroside in transformed hairy root
cultures [19]. Clearly, the selection of an
Agrobacterium  strain for the
production of transformed root cultures is
highly dependent on the plant species, and
must be determined empirically. A three-fold

effective

increase in podophyllotoxin content in
comparison with controls was obtained in
transformed calli of Podophyllum hexandrum
developed by transformation of embryo using
different strains of Agrobacterium rhizogenes
viz. A4, 15834, and K599 [5].

The Agrobacterium rhizogenes plasmid Ti
section with its three genes, Rol A, B, and C, is

important for root induction and growth. Once



the roots have grown for a sufficient period of
time, they can be excised from the explants
tissue and then cultured in a growth medium
containing an antibiotic, ultimately to free the
cultures of residual Agrobacterium.

Conclusion

The present research is the first study on the
effects of two elicitors (including methyl
jasmonate and chitosan) and medium on
trigonelline production in hairy root culture of
fenugreek. Interestingly the trigonelline
production positively correlated to elicitors’
concentration. All parts of the seedling that is

crown, stem and leaf were able to produce the
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