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Abstract

Light is not only effective in photosynthesis, growth
and development, but also play an important role in
biosynthesis of primary and secondary metabolites.
The present research was aimed to determine effect
of light on biosynthesis of alkamide, caffeic acid de-
rivatives and echinacoside in cell suspension cul-
tures of Echinacea purpurea L. Stem explants derived
from sterile plants were subjected to callus culture in
a B5 media supplemented with 1.0 mg/L BAP and
2.0 mg/L NAA. Afterward, 8-day cell cultures were
incubated in light and dark environments and cell
harvesting, with a three-day interval, was carried out
five times. The contents of alkamide, caffeic acid
derivatives and echinacoside were determined using
HPLC. Alkamide, caftaric acid and echinacoside con-
tent increased regularly with light application. Light
application increased alkamide content by 57%, as
an average, compared to darkness. The cell cultures
exposed to 12 days of incubation in light produced
the highest alkamide content, with a 2.11-fold in-
crease, compared to dark. Subjecting the cell cultures
to light for 12 days resulted in 70% and 63% in-
creases in caftaric acid and echinacoside. This study
showed that light application in Echinacea purpurea
L. cell suspension culture had a great potential for
increasing some important phytochemicals.
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Isigin Echinacea purpurea L. kallus kiiltiiriinde
alkamide, kafeik asit tiirevleri ve echinacoside
biyosentezi iizerine etKisi

Oz

Isik sadece fotosentez, biiyiime ve gelismede etkili
degildir, ayn1 zamanda birincil ve ikincil metaboliz-
ma TUriinlerinin biyosentezinde de 6nemli bir rol
oynamaktadir. Bu arastirmanin amaci 15181n Echina-
cea purpurea L. hiicre siispansiyon kiiltiirtinde alka-
mide, kafeik asit tiirevleri ve echinacoside biyosen-
tezine etkisini tespit etmektir. Steril bitkilerin gévde
eksplantlarindan kalluslar elde edilmis ve 1.0 mg/L
BAP ve 2.0 mg/L NAA ilave edilmis B5 ortaminda
kiiltiire alinmislardir. Daha sonra, 8 giinliik hiicre
kiiltlirleri, aydinlik ve karanlik ortamlarda inkiibe
edilmistir ve hiicreler, li¢ glinde bir olmak {zere,
toplamda bes kez hasat edilmistir. Alkamide, kafeik
asit tiirevleri ve echinacoside icerikleri HPLC ile
belirlenmistir. Alkamide, kaftarik asit ve echinacosi-
de igerigi 151k uygulamalariyla diizenli olarak artmis-
tir. Isik uygulamasi ile alkamide igerigi karanlik or-
tama gore ortalama olarak %57 artmistir. En yiiksek
alkamide birikimi 1s1kta 12 giinliik inkiibasyona ma-
ruz birakilan hiicre Kkiiltiiriinde tespit edilmis ve
karanlik ortama gore 2.11 katlik bir artis gercekles-
mistir. Hiicre kiiltlirlerinin 12 giin siireyle 1518a ma-
ruz birakilmasi, kaftarik asit ve echinacoside biriki-
minde %70’lik ve %63'lik bir artisa yol agmistir. Bu
arastirma, 151k uygulamasinin Echinacea purpurea L.
hiicre stispansiyon kiiltiirtinde bazi1 énemli fitokim-
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yasallarin artirilmasinda biiyiik bir potansiyele sahip
oldugunu gostermistir.

Anahtar kelimeler: Kaftarik asit, elisitor, koni cice-
gi, fitokimyasal bilesikler, sekonder metabolitler

Introduction

Multipurpose multi-use of bioactive substances,
called secondary metabolites, found in the chemical
structures of plants used for medicinal and aromatic
purposes make these plants rather important in
many different ways. Secondary metabolites ob-
tained directly from plants grown in natural habitat
are produced in a great number and variety in
plants. These phytochemicals, varying according to
plant species, variety, plant organ, growing stage,
harvest time and postharvest processes and also
prevailing climatic and soil factors, are greatly af-
fected positively or negatively by the environmental
conditions surrounding the plants. In this case, the
produced compounds are hardly difficult to be in the
same quality standards (Murthy et al,, 2014; Gehlot
et al, 2017). Cell suspension cultures, one of the
most common tissue culture applications, may lead
to obtain these compounds in specific quality stand-
ards, generate new compounds not found in original
plant, and produce commercially these economically
highly valuable phytochemicals independently of
ecological conditions (Srivastava et al, 2011).
Echinacea purpurea has recently gained an increas-
ing interest by virtue of its important phytochemi-
cals such as caffeic acid and alkamide (Xu et al,
2014; Manayi et al, 2015; El Aal et al, 2016). In
Echinacea species, so far, the effect of several elici-
tors (U.V B and C rays, light intensity, jasmonic acid,
methyl jasmonate, salicylic acid, and incubation
temperature and duration) on alkamide, caffeic acid
derivatives and echinacoside accumulation has been
investigated using adventitious root cultures. At the
end of these studies, appropriate protocols for the
production of these valuable phytochemicals with
bioreactors have been developed (Wu et al, 2007;
Romero et al.,, 2009; Liu et al., 2012; Gualandi et al.,
2014). However, the effects of light applications on
the accumulation of phytochemicals in cell suspen-
sion cultures have not been adequately investigated
(El-Aal et al,, 2016). In view of this, the present re-
search was carried out to determine the effects of
light and dark conditions on accumulation of phyto-
chemicals such as alkamide, caffeic acid derivatives
and echinacoside along with cell growth and cell

viability of Echinacea purpurea using cell suspension
cultures.

Materials and Methods

Echinacea purpurea L. seeds were germinated in a
medium supplemented with 2.0 mg/L BAP + 0.01
mg/L IBA + 2.0 mg/L GAs and sterile plantlets were
grown. The leaf and stem explants of these sterile
plantlets were cultured in MS and B5 media contain-
ing different combinations of plant growth regula-
tors (BAP with NAA and NAA with KIN). Each com-
bination was planted in 4 petri dishes including 10
explants and cultured at 25 °C and 16/8 h light/dark
condition for 4 weeks. Thereafter, the obtained cal-
luses were sub-cultured twice in hormone free con-
ditions. The calluses formed after eight weeks fol-
lowing subculture were evaluated in terms of callus
weight and callus forming explant ratio to determine
the most effective growth medium, hormone combi-
nation, and explant source. As result, the combina-
tion of B5 medium supplemented with 1.0 mg/L BAP
+ 2.0 mg/L NAA and stem explant was used to pro-
duce cell suspension cultures.

Preparation of cell suspension culture creation

The obtained calluses were weighted to 0.5 g in a
sterile cabinet and placed in a 250 mL Erlenmeyer
containing 125 mL of liquid nutrient medium. After-
wards, the cell cultures were matured for 8 days on a
rotary shaker with an average speed of 105 rpm and
then they were cultured at 25 °C with a 10 000 Lux
luminous condition. The control cells were cultured
at 25 °C in darkness. In both light and dark environ-
ments, the samples were taken 5 times (in the 1st, 314,
6th, 9th and 12th days) and the first day samples were
obtained 8 hours after incubation. The contents of
alkamide, caffeic acid derivatives (caftaric, chloro-
genic, and cichoric acid) and echinacoside in har-
vested samples were determined using Prominence
LC-20A Modular HPLC system with L-2400 UV detec-
tor and 100 RP-18e column (250 mm x 4.6 mm X 5
pm, Shimadzu). Flow rate was 1.5 mL/min and
wavelength of the UV-detector was arranged to 330
nm. The device was first given a standard of com-
pounds and mass fragments and retention times
were determined. Calibration curves of the com-
pounds were then drawn and the amount of samples
was determined as pg/g dw.

Determination of cell growth and viability

Cell growth was determined by the average number
of cells (n) and cell dry weight (g/L). The number of
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cells was determined with the Nageotte counting
chamber using the below formula of Moroff et al.
(1994).

n=Y12, ¢ -20-sf 1)
Where,
n: the average number of cells
c: the number of cells counted in each rectangular
sf: dilution factor

The cell dry weight was obtained by weighting the
filtered cells kept in an oven at 55 °C for 48 hours.
Cell viability was determined using trypan blue
staining technique developed by Laloue et al. (1980).
According to this technique, 50 pl of cell suspension
culture, 125 pl of trypan blue, and 75 pl of phosphate
buffer were added to the Eppendorf tube in order to
increase the staining efficiency while keeping the
cells alive in during counting. The data were ana-
lyzed through a one-way ANOVA using Minitab 17
statistical software program. The means were com-
pared with the use of Duncan’s Multiple Range Test.

Results and Discussion

The effect of light and dark condition along with
incubation period on alkamide, caftaric acid, echina-

coside, cell number and cell dry weight was statisti-
cally significant, but not on cell viability (Table 1 and
Table 2). The amount of alkamide (pg g! dw) in-
creased steadily in both the dark and the light condi-
tions, depending on the incubation period. In dark-
ness, the amount of alkamide in the starting culture
was 166.09 pug g, but increased to 250.90 g gt
after 12 days of incubation. In light application, the
amount of alkamide, which was 184.44 pg g1 in the
starting culture, increased to 530 ug g at the end of
12t day of culture. The highest accumulation of al-
kamide was found at the end of the 12t day in both
dark and light environments and the amount of al-
kamide deposited in light medium was found to be
279.10 pg g1 higher than those in dark. Compared
with light and dark environments, higher caftaric
acid accumulation was observed in light, with a sig-
nificant increases starting from the first day of incu-
bation. In light medium, the amount of caftaric acid,
which was 38.60 pg g! in the starting culture,
reached to 120.60 pg g, increasing 3.12 fold at the
end of a 12-day culture. On the other hand, the
amount of caftaric acid went up over 71% from
33.50 pg gt in the starting culture to 57.40 pg g1
after 12 days of incubation, in dark condition.

Table 1. Alkamide, caftaric acid and echinacoside contents of Echinacea purpurea L. cell suspension cultures
stored at dark and light conditions for several days

Medium Incubation period (day) Alkamide (pg g dw) Caftaric acid (pug g* dw) Echinacoside (pug g dw)
1 166.09 f** 33.50 f** 67.20 g **
3 195.20 f 35.20f 72.34f
Dark 6 200.78 ef 4412 ef 80.55 de
9 225.87d 51.33 de 82.36d
12 250.90d 57.40d 84.87d
Mean 207.77 B** 44.30 B** 77.46 B **
1 184.44 f 38.60 f 70.52 ef
3 255.64 d 44.20 ef 80.40d
Luminous 6 387.26 ¢ 74.40 c 120.80c
9 458.43b 100.92b 164.40b
12 530.00 a 120.63a 196.31a
Mean 363.15A 75.40 A 126.49 A

*, **: The means with the same lower and upper case letter in the same column are not significantly different from each other (P>0.05

and P>0.01, respectively).

The content of echinacoside showed an overall in-
crease in dark and light environments, depending on
the period of incubation; the longer the period of
culture, the higher the content of echinacoside. In
the dark, the amount of echinacoside in the initial
culture was 67.20 pg/g, whereas it increased to
80.51 pg/g at the 6th day and to 84.87 pg/g at the
12t day. The echinacoside content of 70.52 pg/g in
the starting culture of the luminous medium reached
to the levels of 120.80 pg/g in the 6th day and 196.32

pg/g in the 12t day. In general, the comparison of
light and dark conditions indicated that light applica-
tion was more effective on alkamide, caftaric acid
echinacoside accumulation than dark (Table 1). The
higher number of cells was counted in the illuminat-
ed environment and it showed significant increases
starting from the 1st day of culture, in comparison to
darkness. In light condition, the number of cells in
the starting culture was 85.40 and increased to
95.40 and 102.76 at the 6th and the 12t day, respec-
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tively. The lowest number of cells, on the other hand,
was obtained from the initial culture of dark and
light applications, as 84.50 and 85.40, respectively.
Depending on the period of incubation, cell dry
weights increased in the light and dark conditions.

While respective dry weights were 12.33 g/L and
12.55 g/L of the cells incubated at 9 and 12 days in
light, these values were found to be as 10.70 g/L and
11.12 g/L after 9 and 12 days, respectively (Table 2).

Table 2. Cell number, cell dry weight and cell viability in Echinacea purpurea L. cell suspension cultures
stored at dark and light conditions for several days

Medium Incubation period (day) Cell number Cell dry weight (g/L) Cell viability (%)
1 84.50 f** 9.22 d ** 98.22
3 84.21f 9.30d 97.55
Dark 6 85.30f 9.44d 98.30
9 88.40 de 10.70 bc 99.42
12 91.82 bc 11.12b 98.50
Mean 91.83B* 9.96 B * 98.41
1 85.40 f 9.24d 98.54
3 88.70 e 10.42 c 99.42
Luminous 6 95.40 cd 11.20b 98.50
9 98.20b 1233 a 97.56
12 102.76 a 12.55a 98.72
Mean 94.09 A 11.15A 98.55

*, **: The means with the same lower and upper case letter in the same column are not significantly different from each other (P>0.05

and P>0.01, respectively).

Light, perceived by plants through a variety of pho-
toreceptors that detect red and infrared lights, is one
of the most important environmental factors that
regulate the growth, development and metabolism of
plants (Chaves et al,, 2011; Heijde and Ulm, 2012).
The response of plant cells to light occurs by virtues
of interaction between proteins of COP1/SPA con-
nected with PAP proteins. In darkness, these two
proteins are suppressed by ubiquitin ligase. In light
conditions, however, SPA1 and SPA2 proteins be-
come unstable and consequently COP1 proteins be-
come more active (Shalitin et al., 2002; Balcerowicz
et al, 2011; Weidler et al,, 2012). This leads to vari-
ous metabolic activities such as chlorophyll and an-
thocyanin biosynthesis as well as growth and devel-
opment responses such as phototropism and flower-
ing induction (Kami et al., 2010).

Light is not only effective in photosynthesis, growth
and development, but also has an important role in
biosynthesis of primary and secondary metabolites
by increasing PAL activity in cell cultures (Halliday
and Fankhauser, 2003; Khan et al,, 2013). Many phe-
nolic compounds, caffeic acid, cinnamic acid, flavo-
noids, anthocyanin and caffeic acid derivatives
(cichoric acid, caftaric acid, chlorogenic acid and
caffeic acid) are produced by the phenylpropanoid
pathway initiated by PAL (Winkel-Shirley, 2001;
Shohael et al., 2006; Sreelakshmi and Sharma, 2008).
According to previous studies (Zhao et al, 2010;
Tariq et al., 2014; Georgieva et al,, 2015; Ahmad et

al, 2016) cell growth, the contents of anthocyanin,
total phenolic substance, alcamide, caftaric acid and
other active ingredients were stimulated much more
by light as compared to dark. It is a well-known fact
that light plays a key role in primary and secondary
metabolism and various plant developmental pro-
cesses. A positive correlation between increasing
light intensity and levels of phenolics has been re-
ported (Bennett and Wallsgrove, 1994). Ali and Ab-
basi (2014) reported that continuous light may turn
the cell suspension cultures to stress condition and
act as a triggering factor for enhanced accumulation
of phenolic metabolites, which is in agreement with
our results presented here. Similarly, positive effect
of continuous light on anthocyanin production was
reported by Chan et al. (2010) in cultures of Me-
lastoma malabathricum. The cultures exposed to 10-
d continuous darkness showed the lowest pigment
content, while the cultures exposed to 10-d continu-
ous irradiance showed the highest pigment content.

Conclusion

The present study revealed that light application
stimulated Echinacea purpurea cell suspension cul-
tures to accumulate more alcamide, caftaric acid and
echinacoside than darkness did. Similarly, the num-
ber and dry weight of the cells cultured in light envi-
ronment was more fostered than in dark. Further-
more, caffeic acid derivatives of chlorogenic, and
cichoric acids could not be detected in Echinacea
purpurea cell suspension cultures. The effect of light
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increased with increasing incubation time; the long-
er the period of culture, the higher the content of
alcamide, caftaric acid and echinacoside. In conclu-
sion, this study indicates that light application in cell
suspension culture of Echinacea purpurea L. possess
a great potential for increasing important secondary
metabolites such as alkamide, caftaric acid and
echinacoside.
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