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Abstract The influence of fungus elicitor Aspergillus
flavus on alkaloid yield was investigated in Catharanthus
roseus. The study reveals increased yield of vinblastine and
vincristine in cultivated tissues. Different concentrations of
extract applied to solid MS medium were: 0.05 % (T,),
0.15 % (T,), 0.25 % (T3), and 0.35 % (T,) along with
control (Ty). The callus biomass, embryo formation and
plant regeneration were studied in response to elicitor
treatments. The embryogenic callus was induced from
hypocotyls of in vitro germinated seeds and various tissues
were exposed to fungal elicitation. The use of A. flavus
fungal elicitation improved callus biomass growth, which
later differentiated into embryos, maximum somatic
embryo induction being in T, (106.53/callus mass). Bio-
chemical analysis revealed more accumulation of sugar,
protein and proline in growing tissues especially amended
with elicitor. The somatic embryos germinated into plant-
lets on 2.24 pM BA added MS medium. The percent ger-
mination, shoot-, root length of germinated somatic
embryos were high in low doses of elicitation (T/T,). The
quantitative analysis of vinblastine and vincristine yield
was conducted in different elicitor treated tissues by the use
of HPTLC. Vinblastine yield was maximum in germinating
embryos (0.837 pug gm™' dry weight), A. flavus elicitation
at T, improved vinblastine yield further (0.903 pg gm™'
dry weight). Compared to vinblastine, the yield of vin-
cristine was low and on A. flavus addition, maximum
vincristine yield was noted (0.216 pug gm™' dry weight).
The highest 7.88 and 15.50 % increased yield of
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vinblastine and vincristine respectively was noted on A.
flavus elicitated tissues. In order to understand the role of
elicitor on plant defense responses various antioxidant
enzymes activity were investigated as the addition of
elicitor induced cellular stress on tissues. Maturated and
germinating somatic embryos had high SOD activity and
on elicitation the activity of enzymes was further increased,
indicating extra cellular stress on tissues, which yielded
enriched level of vinblastine and vincristine at T»/T}.

Keywords Catharanthus roseus - Elicitation - Callus
induction - Embryo proliferation - Vincristine - Vinblastine

Introduction

Catharanthus roseus commonly named Madagaskar peri-
winkle, is a tropical perennial plant belonging to the family
Apocynaceae. It is a source of several important indole
alkaloids of medicinal importance such as vinblastine,
vincristine, ajmalicine, vindoline, catharanthine and ser-
pentine (El-Sayed and Verpoorte 2007). Due to immense
pharmaceutical importance and the low (approx. 0.0005 %)
content of vinblastine and vincristine, the C. roseus has
been regarded as an important model plant for plant sec-
ondary metabolism studies. During the last few decades, a
comprehensive multidisciplinary attempt has been made in
order to enrich alkaloids yield in C. roseus (Moreno 1995;
Mukherjee et al. 2001; Mujib et al. 2003, 2012). The
common strategies used are optimization of media and
cultural conditions, use of superior high producing cell
lines, addition of precursors, overexpression of key
enzymes participating in metabolic engineering processes
and other biotechnological techniques (Cheng et al. 2008;
Rhee et al. 2010; Pawar et al. 2011).
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In recent years, the use of biotic or abiotic elicitors in
improving biomass with enriched product synthesis has
become a crucial process strategy in plant biotechnological
research (Murthy et al. 2014). These techniques also reduce
processing time in obtaining active compounds in volume
(Coste et al. 2011). These elicitors are a large target group
of compounds, have been amended to medium at various
stages of cultural growth for improving secondary com-
pounds. Traditionally, the ‘elicitor’ may be defined as a
substance, once introduced in small concentrations
improves the biosynthesis of specific compounds by trig-
gering cellular defense response (Zahid and Mujib 2012).
Elicitor for a plant refers to compounds of various sources,
stimulates physiological and morphological responses and
induces compounds like phytoalexin of defensive nature
(Mustafa et al. 2009). It is well understood that the treat-
ment of elicitors or an attack of pathogen causes an array of
defensive secondary metabolism to intact plants/cell cul-
tures (Valluri 2009). Singh et al. (1998) suggested elicitors
of diverse groups: (a) biotic elicitors such as bacterial and
fungal cell walls or glycoproteins, (b) abiotic elicitors like
UV irradiation, salt and various non-constitutive com-
pounds, and (c) endogenous elicitors, which are signalling
compounds of plant cells’ origin. A large number of biotic
compounds have been recognised to be very efficient in
enriching secondary metabolites and are exploited in a
variety of cell cultures including C. roseus (Xu and Dong
2005). Yeast extract is used as a biotic elicitor in culture
which induces synthesis of a variety of phytocompounds in
several plant-microbe interaction investigations (Huttner
et al. 2010; Cai et al. 2012). Induction of Arbuscular
mycorrhizal fungi (a group of beneficial microorganisms)
improved ajmalicine and serpentine levels in C. roseus
roots suggesting that the mycorrhization (Zubek et al.
2012) has a major influence on alkaloid accumulation and
this enhancement was considered to be due to changed
expression pattern of genes related to plant defense system
(Andrade et al. 2013). In Centella asiatica, fungal elicita-
tion of Trichoderma harzianum, Colletotrichum linde-
muthianum and Fusarium oxysporum improved biomass
and asiaticoside accumulation in shoot culture (Prasad
et al. 2013).

Beside biotic elicitors, a number of abiotic elicitors
have widely been incorporated in culture to augment
product synthesis in cultured tissues. These include harsh
temperature, salinity, osmotic stress, ultra-violet rays
(UV), heavy metals, other elements etc. (Lovkova et al.
2005; Elmaghrabi et al. 2013). In C. roseus itself, various
abiotic compounds like NaCl, CaCl,, cerium (CeO, and
CeCly), yttrium (Y, O3) and neodymium (NdCl;), osmotic
stress are used successfully for enhancing alkaloid yield
(Zhao et al. 2001). These used elictors induce cellular
stresses and enhance secondary compounds synthesis in

@ Springer

several investigated genera (Ramani and Jayabaskaran
2008; Binder et al. 2009; Zahid et al. 2011). In cultivated
tissues, elicitor induced cellular stress is assayed by
monitoring antioxidant enzymes, which scavenge stress
levels in tissues (Cai et al. 2012). Various enzymes such
as superoxide dismutase (SOD), catalase (CAT), ascorbate
peroxidase (APX) and glutathione reductase (GR) activi-
ties are often tested to ascertain the level of stress in plant
tissues and was investigated in different plant genera
(Samar et al. 2015). Although the enhancement of alka-
loids is treatment—and cell line specific, the exploitation
of biotic and abiotic elicitor in medium is a good eco-
nomic approach for enriching important alkaloids of
medicinal importance.

In this present study, Aspergillus flavus fungal elicitor
was used as biotic elicitor and the yield of vinblastine and
vincristine was measured in cultures. This is perhaps the
first ever fungal (biotic) elicitation study on alkaloid yield,
mediated through embryogenesis. The callus biomass
growth and the biochemical alterations/associations during
the course of growth and morphogenesis were also
monitored.

Materials and methods
In vitro seed germination and culture condition

Seed germination and the process of cultural establishment
of C. roseus L. (G). Don were done following Junaid et al.
(2006) method. In a nutshell, the fruits/seeds were procured
from herbal garden of Jamia Hamdard (Hamdard Univer-
sity). The material was earlier identified and voucher
specimen (JH-002-98) was maintained. Twenty to twenty-
five surface disinfected seeds were placed in 250 ml con-
ical flask (Borosil, India) containing 50 ml of MS solid
medium (Murashige and Skoog 1962) without any plant
growth regulator (PGR). The germinated seedlings were
cultured in in vitro conditions until the plantlets attained a
height of 2-4 cm length. Various parts (nodal stem, leaf,
and hypocotyl) were used and inoculated in test tubes
(Borosil, India) as explants. For embryogenic callus
induction, the MS medium was amended with 4.52 uM
2,4-Dichlorophenoxyacetic acid (2,4-D). For fast prolifer-
ation of embryo, the medium was fortified with
6.72 uM N°-Benzyladenine (BA) and 5.37 uM Naph-
thalene acetic acid (NAA). The medium was solidified with
8 g 17! of agar, was boiled and poured into clean, dry
culture tubes (6’ x 1” Borosil); each tube contained 20 ml
of medium. The pH of the medium was adjusted to 5.7
before autoclaving at 121 °C temperature. All the cultures
were incubated at 25 £ 2 °C under 16-h photo period with
cool white fluorescent tubes (100 pmol m—2 s_l).
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Procurement, culture of fungi and preparation
of elicitor

Aspergillus  flavus (Fig. la) was obtained from the
Department of Pathology, Indian Agricultural Research
Institute (IARI), Pusa, New Delhi, India. The above fungus
was grown in 100 ml conical flasks containing Potato
dextrose agar. After 7d, the conical flasks of fungal growth
were sterilized, and were filtrated by using Whatman no. 1
filter paper. The mycelium was washed several times with
sterilized distilled water, stored at 4 °C after suspended in
100 ml water and was designated as culture media filtrate.
The fungal mat was washed several times with sterilized
distilled water and an aqueous extract was prepared (Sta-
niszewska et al. 2003) by homogenising in a mortar and
pestle. This extract was filtered through centrifugation at
5000 rpm and the supernatant was taken. It was later
sterilized (designated as mat extract) and was kept at 4 °C
for future investigations. Fungal elicitor of four different
treatments i.e. 0.05 % (T,), 0.15 % (T,), 0.25 % (T53) and
0.35 % (T4) were prepared and were added to the culture
medium. A control (T) i.e. without fungal filtrate was also
used for comparative evaluations of elicitor’s influence.

Fig. 1 a Aspergillus flavus
culture grown on Potato
dextrose medium (bar 0.5 cm.
b Embryogenic callus grown in
MS, medium contained

4.52 uM 2,4-D and fungal
elicitor T, (bar 2 mm).

¢ Embryo on maturation
medium added with 2.60 pM
GAj; and elicitor (bar 2 mm).
d Germinated embryos at early
stage with root (bar 0.5 cm)

Morphogenetic and biochemical studies were made at
periodic intervals.

Callus induction in fungus treated and non-treated
conditions

Hypocotyls of 5-6 d old seedling were placed on MS,
added with optimized 2, 4-D concentrations (4.52 uM).
The A. flavus fungal elicitor with four different treatments
were added in order to assess the effect of elicitors on
callus induction and growth. A control i.e. without fungal
filtrate was also used for comparison.

Proliferation, maturation and germination
of embryo under the influence of biotic elicitors

The embryogenic callus (40-50 mg) was cultured on MS,
supplemented with optimized concentration of BAP
(6.62 uM) and NAA (5.36 uM) for embryo proliferation.
The medium was additionally amended with above men-
tioned fungus with earlier indicated treatments. The
somatic embryos were induced in masses and were coun-
ted, this stage was called as proliferation stage. The
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vincristine and vinblastine alkaloid were extracted from
proliferated stages of embryo and some of the proliferated
embryos were cultured in medium for embryo maturation.
Somatic embryos on 2.89 pM GAj; added MS became
coiled and green, a good sign of maturing embryos. The
green matured embryos were later placed on same MS,
amended with 2.22 uM BAP for germination. The above
two stages (maturation and germination) of embryo
development media were additionally amended with A.
flavus extract with above indicated treatments. The somatic
embryo started to germinate within a week or so and the
germination percentage, shoot and root length were mea-
sured and compared to assess the impact of elicitor on
embryos. Matured and germinating embryos were har-
vested and were oven-dried for extraction of vincristine
and vinblastine alkaloids.

Fresh weight, dry weight and absolute dry mass %
as measure of growth index

For growth index analysis, callus biomass i.e. the fresh-dry
weight of calli of various growth stages were taken and
investigated. For determination of fresh weight, the calli
(with or without elicitor treated) were weighed immedi-
ately after isolation at regular interval (15, 30 and 45 d).
For dry weight, the calli were dried at 60 °C for 18 h and
was measured and finally the absolute dry mass was cal-
culated by using Winkelmann et al. (2004) method and
formula:

Absolute dry mass (%) = Dry weight/fresh weight x 100

Estimation of total sugar, proline and protein

Total sugar estimation was made according to Dey method
(1990). Different stages of tissues (0.5 g) were extracted
twice with 90 % ethanol, and the extracts were pooled. The
final volume of the pooled extract was made up to 25 ml
with double distilled water. To an aliquot of 1.0, 1.0 ml
5.0 % phenol and 5.0 ml of concentrated analytical-grade
sulphuric acid were added, and cooled in air. The optical
density was measured at 485 nm. A solution containing
1.5 ml of 55 % glycerol, 0.5 ml ninhydrin and 4.0 ml
double distilled water was used as a calibration standard.
For measurement of proline, 0.2 g of specific stages of
tissues were homogenized in 5.0 ml 3 % aqueous sulfos-
alicylic acid and filtered through Whatman filter paper (No.
1). To 1.0 ml extract, 1.0 ml acid ninhydrin and 1.0 ml of
glacial acetic acid were added and the reaction mixture was
incubated at 100 °C for 1 h. The reaction mixture was
placed on ice and extracted with 2.0 ml toluene. The pro-
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line content in the extract was subject to the spectropho-
tometric assay of Bates et al. (1973).

Protein was estimated by Bradford method (1976), 0.5 g
tissue was ground in a pre-cooler mortar and pestle with
1.5 ml (0.1 M) phosphate buffer (pH 7.0), placed on ice
and centrifuged at 5,000 rpm for 10 min. With 0.5 ml
Trichloroacetic acid (TCA), the sample was again cen-
trifuged at 5,000 rpm for 10 min. The supernatant was
discarded, the pellet was washed with chilled acetone and
dissolved in 1.0 ml of 0.1 N Sodium hydroxide (NaOH).
Later, 0.5 ml aliquot was added with 5.0 ml of Bradford
reagent, the optical density was measured at 595 nm.

Assay of antioxidant enzyme activity
Catalase (CAT)

The activity of CAT was measured following Aebi method
(1984). It was measured by observing the decay in H,O,, a
decrease measure at 240 nm absorbance in reaction mix-
ture containing 1.0 ml of 0.5 M phosphate buffer (Na-
phosphates, pH 7.5), 0.1 ml EDTA, 0.2 ml enzyme extract
and 0.1 ml H,O,. The chemical reaction was continued for
3 min. The enzyme activity was represented as EU mg ™'
protein min~'. Single unit of enzyme represents the
amount used to decompose 1.0 pmol of H,O,/min. The
activity was registered by using co-efficient of absorbance
at 0.036 mM~' cm ™.

Superoxide dismutase (SOD)

The activity of SOD was measured following Dhindsa et al.
(1981) method. Different stages of tissues/embryos (0.1 g)
were homogenised in 2.0 ml of extraction solution [0.5 M
sodium phosphate buffer,pH7.3 + 3.0 mM EDTA + 1.0 %
(w/v) Polyvinylpyrollidone (PVP) + 1.0 % (v/v) Triton
X100] and the mixture was centrifuged (10,000 rpm) at4 °C.
The enzyme activity was measured by the ability in inhibiting
photo-chemical reduction. The assay mixture contained
1.5 ml reaction buffer, 0.2 ml methionine, 0.1 ml enzyme
extract, equal amount of 1.0 M NaCO; and 2.25 mM Nitro
Blue Tetrazolium (NBT) solution, 3.0 mM EDTA, riboflavin,
1.0 ml of Millipore H,O. The whole mixture was kept in test
tubes and incubated at 25 °C for 10 min under light. A 50 %
loss in colour is considered to be 1.0 unit and the enzyme

content was expressed as EU mgf1 protein min~".

Ascorbate peroxidase (APX)

The Nakano and Asada (1981) method was used for deter-
mining APX activity. The assay mixture contained 1.0 ml
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0.1 M sodium buffer, pH 7.2 + 0.1 ml EDTA + 0.1 ml
enzyme extract. The ascorbate was added to the solution and
the reaction mixture was run for 3 min at 25 °C. The APX
activity was measured by observing the reduction of absor-
bance by ascorbate mediated breakdown of APX. Enzyme
activity was measured by using co-efficient of absorbance
2.81 mM~! cm™'. Similar to other enzymes, the activity
was expressed in EU mg_1 protein min~" i.e. one unit of
enzyme determines the amount necessary in decomposing
1.0 pm of ascorbate/min.

Vinblastine and vincristine quantification through
HPTLC

Method of extraction

The vinblastine and vincristine were extracted following
earlier described methods (Miura et al. 1988; Junaid et al.
2010) and the content was measured in different in vitro
grown tissues and was compared with standard vinblastine
and vincristine, obtained from Sigma-Aldrich (St. Luis,
MO, USA). The select tissues/embryos were collected from
optimized media with their best growth. One gm (dry
weight) of tissues/embryos was refluxed in 30 ml of
methanol for 5 h; later the supernatant was warmed at
60 °C, finally the volume was reduced to 1-2 ml.

Standard stock solution preparation and calibration curve

One mg of vinblastine and vincristine each was dissolved
in 1.0 ml methanol for making a stock solution concen-
tration 1.0 mg ml~". Various concentrations were prepared
from stock solutions in obtaining 200, 400, 600, 800 and
1000 pg per band of standard and was run separately in
HPTLC. Standard curve was plotted between peak area (y-
axis) and concentration (x-axis), which showed good
linearity.

HPTLC instrumentation and quantification of alkaloids
in in tissues

For stationary phase, the coated Thin Layer Chromatog-
raphy (TLC) aluminium sheets of size 20 x 10 cm with
Silica gel (60 F 254, Merck) were used. The freshly pre-
pared mobile solution (phase) contained toluene, carbinol,
acetone and ammonia in the ratio of 40:20:80:2. The
samples were applied by 100 pl micro syringe using
Linomat 3 (CAMAG) applicator. The silica plates were air-
dried for 10-15 min and kept in a chamber (Twin Through
Chamber CAMAG, 20 x 10 cm) filled with mobile solu-
tion. The solvent system was allowed to move up to about
85 mm. The plates were later removed from the chamber
and again air dried for about 10-20 min. The Silica gel

plates were documented by using CAMAG Reprostar
under UV-light without any spray of chemical on it. The
vinblastine and vincristine containing stationary phase was
scanned by the use of a CAMAG Scanner 3. The vin-
blastine and vincristine were scanned at 280 and 300 nm
respectively. The peak of vinblastine and vincristine was
fixed and the identification of alkaloids in tissue samples
was made by comparing the peaks of standard alkaloids.
Finally, the alkaloid yields were measured in pg gm™"' dry
weight.

Statistical analysis

The data on the effect of A. flavus elicitor on callus growth,
embryogenesis, differences in biochemical attributes, the
antioxidant enzyme activity, the alkaloid yield and other
parameters were analysed by one-way analysis of variance
(ANOVAs). The data or the values are means of three
replicates from two experiments and the presented mean
values were separated using Duncan’s Multiple Range Test
(DMRT) at p < 0.05.

Results

Callus induction and biomass growth in response
to elicitation

On 4.52 pM 2, 4-D added MS medium, the hypocotyls of
in vitro grown seedlings produced profuse callus. The
calli were friable, light yellow and fast growing; and later
turned into embryogenic (Fig. 1b). This induced hypoco-
tyl-calli were subject to various level of A. flavus elici-
tation and routinely sub cultured at regular intervals. The
growth index is an indicator of cell division with fast
proliferation of callus; therefore callus biomass growth
was measured in response to various biotic elicitor treat-
ments. We observed that with A. flavus elicitation, the
growth of embryogenic callus was faster compared to
control (Fig. 2a). The biomass of the calli increased up to
T,, and in this treatment a maximum fresh-, dry- and
absolute dry mass % were observed (1.55, 0.183 g and
11.803 % respectively). On elicitation, the calli appeared
to be more friable and white especially in treatment with
T, and T,. Higher concentration of elicitors i.e. T5; and T4
were less responsive, callus turned light brown compact,
and showed poor growth.

Elicitor treatments, embryo numbers and growth
index of proliferating embryos

Induced embryogenic calli were cultured on optimized
5.37 uM NAA and 6.72 pM BA added MS, and different
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Fig. 2 Growth index of embryogenic callus induction (a) and
proliferating embryo stage (b) of tissue (30 days old) in different A.
flavus elicitated treatments [Control (Ty), 0.05 % (T;), 0.15 %
(T5),0.25 % (T3) and 0.35 % (T,)]. Values are means + standard
errors of 3 replicates. Within each column, means followed by the
same letter are not significantly different at p < 0.05 according to
DMRT

Table 1 Somatic embryo numbers in various Aspergillus flavus
elicitor treated culture

Treatment Total no. of SE
To 82.47 £ 0.86d
T, 106.53 £+ 1.13b
T, 114.56 &+ 1.11a
Ts 87.44 + 0.94c
Ty 88.26 + 1.04c

A. flavus elicitor levels used: Control (Ty), 0.05 % (T,), 0.15 % (T,),
0.25 % (T3) and 0.35 % (T4). MS medium contained 6.72 pM BA
and 5.37 UM NAA, data were scored after 4 weeks of culture. Values
are means =+ standard errors of 3 replicates. Within each column,
means followed by the same letter are not significantly different at
p < 0.05 according to DMRT

concentrations of A. flavus extract was amended in order to
observe elicitor’s influence on embryo number and growth
(Table 1). The maximum fresh-, dry- and absolute dry
weight were observed in T, (2.066, 0.237 g and 11.442 %
respectively) compared to other treatments and control, Ty
(Fig. 2b). In all tested conditions, the embryogenic calli
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differentiated into embryos and in T, of A. flavus elicita-
tion, maximum number of embryos were formed
(114.56/culture); next important treatment is T,
(106.53/culture), which also induced good numbers of
embryos, the embryo numbers declined gradually at higher
elicitor levels.

Aspergillus flavus elicitation and biochemical
attributes

Sugar, proline and protein content

The sugar content was noted to be high at early induction
stage, which increased marginally during embryo prolif-
eration stage. On addition of increasing concentration of
elicitors, sugar level increased further in both growing
stages of tissues. Maximum amount of sugar was observed
in A. flavus elicitated tissues in T, (30.30 mg G_l). The
proline level was also high at induction stage of tissues
(9.24 mg G™') but the accumulation declined with the
growth and maturity of embryos. Total soluble protein on
the other, was found to be less at induction stage compared
to proliferating embryogenic stage; the comparative details
are presented in (Fig. 3a, b).

= Sugar
= Proline

Protein

g1 fresh weight) of tissue
Iy

Biochemical attributes (mg

TO T1 T2 T3 T4
35 b
3
30
25 ' mSugar
H Proline

Protein

Biochemical attributes (mg
g’ fresh weight) of tissue

TO T1 T2 T3 T4

Fig. 3 Sugar, Proline and Protein content at embryogenic callus
induction (a) and Proliferating embryo stage (b) of tissue (30 days
old) in different A. flavus elicitated treatments [Control (Ty), 0.05 %
(Ty), 0.15 % (T,),0.25 % (T3) and 0.35 % (T4)]. Values are
means =+ standard errors of 3 replicates. Within each column, means
followed by the same letter are not significantly different at p < 0.05
according to DMRT
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Maturation and plant regeneration of somatic embryos
in response to A. flavus elicitation

The cotyledonary embryos were cultured on MS, amended
with 2.60 uM GAj; for maturation; the medium was addi-
tionally added with fungal elicitors (Fig. 1c). In T; and T»,
the embryos turned green, elongated, coiled and which
later germinated into plantlets (Fig. 1d). In T3 and T4,
however, the embryo development was poor; a few
remained in cotyledonary stage while other embryos turned
brown; the embryos reaching to maturity were thin and had
a poor growth. The embryos germinated into plantlets on
2.24 uM BA added MS medium. The percent germination,
shoot-, root length of germinated somatic embryos were
high in A. flavus elicitated conditions compared to control
(Table 2).

Vinblastine and vincristine yield

The yield of vinblastine and vincristine was quantified in
different in vitro cultivated tissues. The mobile phase
showed a sharp standard vinblastine and vincristine peak.
The regression analysis also showed a good linearity with
r=20.999 and 0.993 for vinblastine and vincristine
respectively. It is evident from the Table 3 that vinblastine
was maximum in maturation (0.787 pug gm~' dry weight;
Fig. 4a, b) and germinating stages of embryos
(0.837 ug gm™" dry weight; Fig. 5a, b) compared to other
two i.e. induction and proliferating embryo tissues. With A.
flavus elicitation at T2, the vinblastine yield was improved
further (0.903 pg gm™' dry weight), the T, treatment was
also equally efficient in promoting yield. Compared to
vinblastine, the yield of vincristine was low and the content
was maximum in germinating embryos compared to other
stages. On A. flavus addition, improved vincristine yield
was noted in cultured tissues (Table 4), maximum being in
T, (0.216 pg gm™" dry weight), followed by T, treatment
(0.202 ug gm™"' dry weight). The maximum 7.88 and
15.50 % increased yield of vinblastine and vincristine

respectively was noted on A. flavus elicitated treatment in
T, over control tissues.

SOD, CAT and APX activities

The germinating and maturated somatic embryos produced
enhanced level of alkaloids especially on A. flavus elicitor
treated culture. The addition of elicitor might also cause
stress on tissues. To better understand the role of elicitor
treatments on plant defense and later on secondary meta-
bolism, the antioxidant activity of various enzymes were
investigated as stress markers. Maturated and germinating
somatic embryos had high antioxidant enzyme activities
than the early embryogenic tissues. The anti-oxidant
enzyme activities were even more on addition of A. flavus
treatments, which indicated extra cellular stress on culti-
vated tissues. It is evident from Fig. 6a, b that the SOD
activity was high in maturing (4.16 EU min~' mg~" pro-
teins) and germinating (3.78 EU min~' mg~' proteins)
stages of embryos compared to control (3.85 and 3.52 EU
min~' mg~" proteins respectively), which yielded highest
level of vinblastine and vincristine especially in T and T».
Compared to SOD, the CAT and APX activity was how-
ever, low in these two embryogenic stages (maturating and
germinating embryos).

Discussion

In this present study, the yield of vinblastine and vin-
cristine was quantified following A. flavus elicitation in
embryogenic cultures of C. roseus. The callus was first
induced from hypocotyls on 2, 4-D added MS in which
high frequency somatic embryos were formed on same
PGR containing medium; other used auxins induced
embryos at a lower rate. Here, the embryo differentiation
was on embryogenic callus i.e. indirect, but in other
observed cases the embryos were also formed directly on
explants without intervening callus (Mujib and Samaj

Table 2 Germination of

somatic embryos in A. flavis Treatment % Germination Shoot length (mm) Root length (mm)
elicitated treatments To 39.41 + 2.03¢ 3.44 + 0.22¢ 4.45 £ 021c

T, 4830 + 2.11b 10.53 + 0.32b 5.15 + 0.27b

T, 58.66 + 2.01a 14.63 + 0.31a 8.85 + 0.31a

T, 20.19 + 2.66d 3.02 + 0.23¢ 3.06 + 0.29d

T, 14.57 + 1.74e 1.85 + 0.29d 223 + 0.27¢

A. flavus elicitor levels used: Control (Ty), 0.05 % (T,), 0.15 % (T,), 0.25 % (T3) and 0.35 % (Ty4). Six
matured embryos were placed on MS, amended with 2.24 uM BA, data were scored after 4 weeks of
incubation. Values are means =+ standard errors of 3 replicates. Within each column, means followed by
the same letter are not significantly different at p < 0.05 according to DMRT
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Table 3 Vinblastine content

Proliferation stage Maturation stage Germination stage

(ng g_] DW) in A. flavus Treatment Induction stage

elicitated culture To 0.140 + 0.003¢
T, 0.152 £+ 0.001b
T, 0.169 £ 0.0005a
Ts 0.135 £ 0.004d
Ty 0.133 £+ 0.001d

0.543 £ 0.005¢
0.579 £ 0.0008b
0.614 £ 0.002a
0.535 & 0.004d
0.531 £+ 0.001d

0.787 &+ 0.001c
0.828 £ 0.0008b
0.851 & 0.0005a
0.780 % 0.001d
0.782 % 0.002d

0.837 £ 0.009¢
0.876 = 0.011b
0.903 £ 0.007a
0.831 £ 0.021cd
0.825 £ 0.014d

A. flavus elicitor levels used: Control (Ty), 0.05 % (T;), 0.15 % (T5), 0.25 % (T3) and 0.35 % (T,); data
were scored from 4 weeks old tissues. Values are means =+ standard errors of 3 replicates. Within each
column, means followed by the same letter are not significantly different at p < 0.05 according to DMRT

2006). In both developmental pathways, the use of
exogenous auxins/auxin analogues like 2, 4-D efficiently
trigger embryogenesis. These synthetic auxin-analogs play
a central signalling role in acquisition of embryogenic
competence from somatic state (Song 2013; Feher 2015).
In our study, A. flavus fungus extract was used at varying
concentrations, of which T, (0.15 %) was observed to be
more efficient in promoting biomass growth compared to
T,, Tz and T4. We also observed that the callus biomass
and embryo numbers increased significantly in T, with A.
Sflavus elicitation. The induced embryos were more distinct
and showed fast growth and development in elicitated
condition. The present study indicated that high concen-
trations (T3, T4) of elicitation declined callus biomass
growth by inhibiting cell division; and this reduction may
be due to fungus extract toxicity or may be due to excessive
availability of stress ion (Saiman et al. 2014). The ion
induced osmotic imbalance with reduced growth was
reported in several other investigated plants (Shibli et al.
2007; Elmaghrabi et al. 2013). In this present study, low
level of A. flavus elicitated condition improved somatic
embryo numbers in culture. Similar responses i.e. stress
induced embryogenesis were earlier described in a number
of previous observations (Benkirane et al. 2000; Kawana
and Sasamoto 2008). Once embryo is induced, the presence
of 2, 4-D in medium inhibits embryo development; there-
fore other PGRs combinations were tested and was sug-
gested to be necessary (Pasternak et al. 2002; Feher 2015).
The involvement of cytokinins alone or with low doses of
weak auxin like NAA successfully influence in vitro
embryogenesis and plant morphogenesis also (Mujib and
Samaj 2006).

The influence of A. flavus biotic elicitor on biochemical
attributes was investigated at various stages of embryoge-
nesis. In this present study, extra sugar, protein and proline
accumulation were noted at early stages of embryogenesis,
which however, declined with increased level of elicitation.
Similar increase of protein, phenolics, hydrogen peroxides
and carbohydrate level in response to stress was noted in
several investigated plant genera and this enhancement is
considered to be a good adaptation mechanism in tolerant
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genotypes (D’Souza and Devaraj 2010; Samar et al. 2015).
The protein level also increases gradually with the progress
of tissues and the change of protein with growing devel-
opmental stage was reported earlier in other investigated
plant materials (Roja Rani et al. 2005). In chickpea, enri-
ched proline accumulation was noted at early embryo
development stage and this proline level perhaps acts as an
osmotic balancing agent, a reservoir of nitrogen or a source
of energy to growing tissues (Kiran Ghanti et al. 2009).
Here, in A. flavus elicitated tissues, increased accumulation
of proline may be due to up regulation and over expression
of proline synthesis gene (P5C6), which produces c-glu-
tamyl kinase and glutamate-5-semialdehyde dehydroge-
nase enzymes participating in proline synthesis (Chen et al.
2009). Transcriptome data of damages of different plant
species revealed that the biotic stress globally down-regu-
lates photosynthesis light reaction, carbon reduction cycle
and pigment synthesis genes and this low regulation has
been suggested to be a part of defence manifestation
(Bilgin et al. 2010). Kundu et al. (2013) similarly analysed
proteomic changes and noted early accumulation of stress
protein during ‘host-stress’ interaction in reactive oxygen
species (ROS) metabolism, and this synthesis of stress and
signal transduction proteins has been considered to be the
central factor in cellular defence responses.

The cultivation of simple plant cell and tissue or com-
plex organized structure are practised in vitro as an effi-
cient renewable source for producing a variety of
phytochemicals and the importance of these methods are
reviewed in recent years (Mulabagal and Tsay 2004;
Martin et al. 2008; Karuppusamy 2009; Siahsar et al.
2011). The callus and suspension are cultivated more fre-
quently because of ease and possibility of scale-up in
bioreactors. Beside bioreactor, a number of other important
strategies such as liquid culture, use of mist, liquid-over-
laying improve biomass/embryogenesis, to be used as raw
materials for alkaloid synthesis (Fei and Weathers 2014).
Liquid overlaying is a technique where a thin film of liquid
nutrient is added on solid medium, which facilitate fast
growth of callus and suspension (Zahid and Mujib 2012).
The yield of active compounds is often high in complex
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Fig. 4 Vinblastine (a) and vincristine (b) peak/level at maturation
stage of embryo in A. flavus elicitated treatment of T,

differentiated structures like shoots, roots and leaves
(Kornfeld et al. 2007; Vinterhalter et al. 2008). The
extraction method is however, rigorous especially with
metabolites, synthesised and accumulated in specialized
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Fig. 5 Vinblastine (a) and vincristine (b) peak/level at germination
stage of embryo in A. flavus elicitated treatment of T,

cells or tissues (Facchini and De Luca 2008). Different
techniques have recently been adopted for collection of
alkaloids from specialized tissues (Verma et al. 2012). In
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Table 4 Vincristine content

Proliferation stage Maturation stage Germination stage

(ng g_] DW) in A. flavus Treatment Induction stage

elicitated culture To 0.076 + 0.003¢
T, 0.081 £ 0.002b
T, 0.088 £ 0.0007a
Ts 0.073 £ 0.0009d
Ty 0.074 £ 0.001d

0.171 &+ 0.001c
0.176 % 0.004b
0.182 £ 0.003a
0.169 £ 0.0009d
0.168 + 0.0007d

0.182 £ 0.0009¢
0.189 £ 0.005b
0.201 £ 0.001a
0.177 £ 0.002d
0.174 & 0.0007d

0.187 £ 0.010c
0.202 £+ 0.015b
0.216 £+ 0.011a
0.188 & 0.009¢c
0.180 £ 0.011d

A. flavus elicitor levels used: Control (Ty), 0.05 % (T;), 0.15 % (T5), 0.25 % (T3) and 0.35 % (T,); data
were scored from 4 weeks old tissues. Values are means =+ standard errors of 3 replicates. Within each
column, means followed by the same letter are not significantly different at p < 0.05 according to DMRT
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Fig. 6 SOD, CAT and APX activity at maturation (a) and germinat-
ing embryo stage (b) of tissue (30 days old) in different A. flavus
elicitated treatments [Control (Ty), 0.05 % (T;), 0.15 % (T»), 0.25 %
(T3) and 0.35 % (T,4)]. Values are means =+ standard errors of 3
replicates. Within each column, means followed by the same letter are
not significantly different at p < 0.05 according to DMRT

this present study, we noted that the compact embryo
structures like maturated- and germinating embryo syn-
thesized higher vinblastine and vincristine compared to
early stages of embryos. On A. flavus elicitated treatment
7.88 % vinblastine and 15.50 % vincristine increased yield
were noted; this enhancement is little higher (0.08 %) for
vinblastine and about 2.0 % more in vincristine than our
previous reported observations. The same low level (T,/T;)
of elicitation was earlier noted to be very efficient for
improving callus biomass. This rapid growth of embryo-
genic callus may be due to fast mitosis of cells, triggered
by cell cycle gene Waste Water Evry 1 (WWEI), which up
regulated strongly in fast dividing cells (Sorrell et al. 2002;
De Schutter et al. 2007). As the yield of alkaloids was high
in advanced staged embryos, we tried to investigate the
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level of stress by measuring antioxidant enzyme activities
in these cultivated tissues. The SOD activity was high in
both these two tissues and on addition of elicitor the
activity was further up. Increased SOD activity under
various stresses was observed in several investigated plant
genera (Samar et al. 2011, 2015). The CAT and APX
activity also showed similar pattern with added levels of
elicitors, although tissue—and dose specific variation was
also not uncommon (Elkahoui et al. 2005). Beside the
increase of stress marker enzyme activity and alteration of
physiological reserves, molecular analysis indicates that
over expression of Salt Overly Sensitive 1(SOST) gene is a
crucial adaptation event in response to stress, caused by
biotic and abiotic compounds (Misic et al. 2012).

It is very evident from present study that the biotic
elicitor promoted cultural growth in C. roseus and later
stimulates enriched level of alkaloids, the underlying
mechanism is still not fully understood. It was earlier
reported that the biotic elicitors contain compounds like
oligosaccharides and glycopeptides, evoking elicitation
effect (Van der Heijden et al. 2004; Zizhen et al. 2015).
Although the active principle is yet to be illustrated, the
elicitation mechanism may be due to the concept based on
‘elicitor-receptor’ interaction (Radman et al. 2003), which
activate signal transduction mechanisms by stimulating
transcriptional control of cascade of defense genes, par-
ticipating in alkaloid synthesis (Memelink et al. 2001;
Mujib et al. 2012). Thus, the experimentations on elicita-
tion are important and valuable as these promise to pro-
mote embryogenic biomass and regulate alkaloid
biosynthesis in cultivated tissues.

Conclusion

The A. flavus fungus elicitor was used as biotic elicitor and
the callus biomass growth, the embryogeny, plant regen-
eration and the alkaloid yield (vinblastine and vincristine)
were investigated. Low doses of fungal elicitation were
very efficient in improving callus biomass and embryo
numbers. The percent germination, shoot-, root length of
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embryos were high in low elicitation level (T,/T,). Matu-
rated and germinating somatic embryos had high level of
alkaloids, which was further improved by elicitation.
Addition of elicitation also caused cellular stress as was
evidenced by high antioxidant enzyme activities. We
therefore suggest that the synthesis of alkaloids may be
enhanced by low elicitor doses and stress in advanced
organised embryo structure.
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