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ABSTRACT

Flavonoids are the most commonly found compounds in Gynura procumbens (Lour.) Merr. The biosynthesis
of flavonoid is induced by several precursors. Phenylalanine and tyrosine are flavonoid precursors via the
shikimate pathway before condensing with the malonic acetate pathway. The aim of this research is to
enhance flavonoid production of G. procumbens adventitious roots influenced by phenylalanine and tyrosine.
This research was conducted by planting the adventitious root explants in MS liquid medium supplemented
with IBA 5 mg/L IBA and various concentration of phenylalanine (0.50, 100 and 200 mg/L) and tyrosine
(0.50, 100, and 200 mg/L). Adventitious roots were cultured in a balloon-type bubble bioreactor (1L capacity
and working volume 500 mL). The cultures were maintained for 28 days in the dark. Flavonoid compounds
(kaempferol and quercetin) were detected by spectrophotometer. The results show that supplementation of
phenylalanine 200 mg/L could increase kaempferol (2233.33 mgL-1/g dry weight) and quercetin (6150.00
mgL-1/g dry weight), while supplementation of tyrosine also could increase kaempferol (1866.67 mgL-1/g
dry weight) and quercetin (5050.00 mgL-1/g dry weight). The results of this study can be used as a basis for
determining strategies on a large scale.
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Introduction

Gynura procumbens (Lour.) Merr is a medicinal plant
that contains various types of secondary metabolite,
such as alkaloid, flavonoid, and coumarin. The
kaempferol, quercetin, routine, and myricetin com-
pounds are active compounds from the flavonoid
group which have been isolated from G. procumbens
leaves (Kaewseejan et al., 2015).

Based on phytochemical and chemotaxonomy
data from three Gynura species, kaempferol and

quercetin are markers of flavonoid compounds in
Gynura. The biosynthesis of kaempferol and querce-
tin has phenylalanine and tyrosine precursors. Phe-
nylalanine and tyrosine are precursors of shikimate
pathway before condensing with the malonic acetic
pathway. The flavonoid biosynthetic pathway is a
combination of the shikimate pathway and the ma-
lonic acetic pathway (Taiz and Zeiger, 2006). The
reaction of erythrose-4-phosphate and phosphoenol
pyruvate in the 4-pentose phosphate cycle produces
shikimic acid and secondary reactions involving
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enzymatic reactions to produce amino acid tyrosine,
phenylalanine, and tryptophan (Ghasemzadeh and
Ghasemzadeh, 2011). The function of shikimate
pathway is not restricted only to generate amino
acids for protein biosynthesis. It is also a precursor
for a large variety of other substances formed by
plants in large quantities, particularly
phenylpropanoids such as flavonoids and lignins
(Heldt, 2004).

Many studies have shown the pharmacological
activity of G. procumbens leaf extract, including its
antioxidant (Afandi et al., 2014; Kaewseejan et al.,
2015; Krishnan et al., 2015; Rosidah et al., 2008),
(Meiyanto and Jenie, 2007; Shwter et al., 2014; Wang
et al., 2013), and antimicrobial activities (Jarikasem et
al., 2013; Vejanan et al., 2012; Zheng et al., 2014). Fla-
vonoids are the most commonly found compounds
in G. procumbens plants. Unfortunately, the effort to
produce flavonoids through conventional cultiva-
tion is influenced by the cultivation period, low
yield, and concentration fluctuation due to geo-
graphical, seasonal, and environmental variations
(Murthy et al., 2014). In vitro culture technology in
bioreactors has been widely used to overcome ob-
stacles that occur in conventional cultivation. Organ
culture, especially adventitious roots in balloon-
type bubble bioreactors, has succeeded in increasing
the production of bioactive compounds in various
plants, such as Panax ginseng (Choi et al., 2000), Hy-
pericum perforatum (Cui et al., 2010), Eleutherococcus
koreanum (Lee and Paek, 2012), and Morinda citrifolia
(Baque et al., 2013). However, in vitro culture for
increasing flavonoid of G. procumbens adventitious
roots has never been done. The aim of this research
is to enhance the flavonoid production of G.
procumbens adventitious roots in balloon-type
bubble bioreactor influenced by phenylalanine and
tyrosine.

Materials and Methods

Plant Material

Gynura procumbens (Lour.) Merr was obtained from
Purwodadi Botanical Garden, Pasuruan, East Java,
Indonesia. It was then nurtured in a polybag with a
mix of soil and organic fertilizer (50:50) and incu-
bated at room temperature. Adventitious root was
obtained from leaf explants of G. procumbens (Lour.)
Merr.

Adventitious Root Induction

Leaf explants of G. procumbens (Lour.) Merr were
washed with detergent for 5 minutes and then
rinsed thoroughly with tap water. The explants
were sterilized with Clorox 10% (v/v), soaked for 10
minutes, and rinsed 3 times with sterile distilled
water. The explants were placed in sterile filter pa-
per in the petridishes, then cut into 1 cm2 and inocu-
lated onto MS (Murashige and Skoog) solid me-
dium supplemented with 5 mg/L IBA, 30 g/L su-
crose, and 7 g/L agar. Cultures were maintained in
room temperature at 25±3°C in the dark. Twenty-
one day old adventitious roots were harvested from
solid medium. After that, they were ready to use as
inoculums for culture in balloon type bubble
bioreactor.

Adventitious Root Culture in Balloon Type Bubble
Bioreactor

This study used balloon type bubble bioreactor with
a capacity of 1 L. Two grams of adventitious roots
were inoculated in balloon type bubble bioreactor
containing 500 mL MS liquid medium supple-
mented with 5 mg/L IBA and 30 g/L sucrose. Eight
bioreactors were utilized for treatment; the first
treatment used0, 50, 100 and 200 mg/L phenylala-
nine (Sigma) and the second treatment used 0, 50,
100, and 200 mg/L tyrosine (Sigma). The cultures
were maintained for 28 days at room temperature
indark condition with aeration rate of 0.2 vvm. The
value of pH medium was measured every 7 days.

Extraction and flavonoid analysis

Adventitious roots were crushed with mortar into
powder, and then 0.1 g of it was soaked with 10 mL
of methanol at room temperature for 24 hours. This
procedure was conducted twice. The extract was fil-
tered and concentrated at room temperature. The
methanol extract was partitioned using 1:1 n-hexane
to remove non-polar compounds, then 0.25 mL of
methanol extract was added with 1.25 mL of dis-
tilled water and 75 L of of 5% sodium nitrate solu-
tion and it was dissolved for 6 minutes. Then, 0.5
mL of 1 M NaOH and distilled water were added to
the solution until it reached a volume of 2.5 mL. The
absorbance value of the extract was measuredusing
a UV spectrophotometer at a wavelength of 510 nm
(BOECO S-22, Germany). Flavonoid content was
obtained by calculating absorbance values using a
linear regression equation based on quercetin and
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kaempferol standards.

Results

The effect of phenylalanine on flavonoid
production

Fresh weight, dry weight, and flavonoid content
(kaempferol and quercetin) of G. procumbens adven-
titious roots are shown in Table 1. The higher the
concentration of phenylalanine added, the more fla-
vonoids (kaempferol and quercetin) produced. The
highest production of kaempferol (2233.33 mgL-1/g
DW) and quercetin (6150.0 mgL-1/g DW) was ob-
tained by adding 200 mg/Lphenylalanine. The
kaempferol levels in adventitious roots were lower
than the kaempferol levels in roots from the mother
plant, but the quercetin levels in adventitious roots
were higher than the quercetin in roots from the
mother plant. The growth of G. procumbens adventi-
tious roots in balloon-type bubble bioreactor with
various concentrations of phenylalanine in shown
in Fig 1. The highest fresh weight (34.83 g) and dry
weight (0.87g) were obtained by supplementing 100
mg/L phenylalanine, while the lowest fresh weight
(12.28 g) and dry weight (0.43 g) were acquired by
supplementing 200 mg/L phenylalanine. The ad-
ventitious root biomass increased 17.4 times higher
than initial inoculum (2 g).

The effect of tyrosine on flavonoid production

Supplementation of 200 mg/L tyrosine in the cul-
ture medium resulted in the highest levels of
kaempferol and quercetin, which were 1866.67 mgL-

1/g DW and 5050.0 mgL-1/ g DW respectively. On
the other hand, the highest fresh weight and highest
dry weight were obtained in the treatment without
the supplementation of tyrosine (Table 2). The

Table 1. The effect of phenylalanine on flavonoid production (kaempferol and quercetin) of G. procumbens adventitious
roots after 28 days of culture in balloon type bubble bioreactor.

Concentration of Fresh Dry weight Kaempferol Quercetin
phenylalanine weight (g) (g)  (mgL-1/g DW)  (mgL-1/g DW)
(mg/L)

0 17.96 ± 15.67 0.54 ± 0.41 372.22 1061.67
50 31.18 ± 10.61 0.83 ± 0.20 1777.78 4783.30
100 34.83 ± 0.92 0.87 ± 0.13 1988.89 5416.70
200 12.28 ± 15.05 0.43 ± 0.46 2233.33 6150.00
Roots from mother plant 2955.56 831.67

Fig. 1. The growth of G. procumbens adventitious roots in
balloon-type bubble bioreactor with various con-
centrations of phenylalanine; (A) 50 mgL, (B) 100
mgL, (C) 200 mgL, and (D) control (without phe-
nylalanine).

Table 2. The effect of tyrosine on flavonoid production (kaempferol and quercetin) of G. procumbensadventitious roots
after 28 days of culture in balloon type bubble bioreactor.

Concentration of Fresh Dry weight Kaempferol Quercetin
Tyrosine (mg/L) weight (g) (g)  (mgL-1/g DW) (mgL-1/g DW)

0 17.96 ± 15.67 0.54 ± 0.41 372.22 1061.67
50 13.52 ± 5.16 0.54 ± 0.31 1555.56 4116.70
100 10.96 ± 9.86 0.28 ± 0.06 1577.78 4183.30
200 10.00 ± 10.59 0.30 ± 0.23 1866.67 5050.00
Roots from mother plant 2955.56 831.67
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higher the concentration of tyrosine added, the
higher the kaempferol concentration and quercetin
level. When compared with roots from mother
plant, the levels of kempferol in adventitious roots
were lower, but the quercetin levels in adventitious
roots were higher than in the roots from mother
plant. In all treatments, which involved the addition
of various concentration of tyrosine, the kaempferol
levels were always lower than the quercetin levels.
The highest adventitious root biomass was obtained
in the treatment without the addition of tyrosine
(17.96 g). The higher the concentration of tyrosine,
the lower the adventitious root biomass obtained.

Discussion

In this study, supplementation of various concentra-
tion of phenylalanine increases kaempferol and
quercetin of G. procumbens adventitious roots. The
highest kaempferol and quercetin production was
obtained with supplementation of 200 mg/L pheny-
lalanine. The kaempferol in roots of mother plant
was higher than in adventitious roots from in vitro
culture, but the quercetin in adventitious roots from
in vitro culture was higher than in the roots of
mother plant. In another research, supplementation
of phenylalanine 50 mg/L results in the highest
quercetin production in cell culture of
Cytrulluscolocynthis (Meena et al., 2014), while
supplementation of 0.25 g/L phenylalanine results
in the highest rosmarinic acid production in cell
culture of Ocimum sanctum (Hakkim et al., 2011a) In
this research, the results also show that the level of
quercetin was higher than the level of kaempferol in
adventitious roots in all treatments, whereas the
quercetin level was lower than the kaempferol level
in the roots from mother plant. Flavonoid is synthe-
sized through shikimate pathway by phenylalanine
precursor and kaempferol is synthesized earlier
than quercetin (Jedinak et al., 2004).

In addition to influencing the production of fla-
vonoids (kaempferol and quercetin), the addition of
various concentrations of phenylalanine also affects
G. procumbens adventitious root biomass. The high-
est biomass of adventitious roots was obtained with
supplementation of 100 mg/L phenylalanine. The
fresh weight was almost twice as much as the con-
trol weight. Phenylalanine together with ornithine
is able to synthesize gibberellin which can affect the
process of plant growth and development. Giberelin

has the function to hydrolyze starch to sugar by in-
ducing amylase. Gibberellins also induce cell divi-
sion; cells in G1 phase are induced to enter S phase
and gibberellin also induceS phase tobecomeshorter
so that the number of cells increases and causes
faster cell growth (Salisbury and Ross, 1995). In the
study of (Al-Jibouri et al., 2016), the addition of 150
mg/L phenylalanine can increase the highest dry
biomass in Verbascumthapsus L. callus culture, while
the addition of 0.25 g/L phenylalanine can increase
biomass 4 times higher than the control of Ocimum
sanctum cell culture (Hakkim et al., 2011b).

Phenylalanine and tyrosine are important amino
acids for the synthesis of flavonoids. The incorpora-
tion of phenylpropanoid derivatives with malonic
acetate produces tetrachetide compounds and
through the enzyme chalcone synthase produces
chalcone flavonoids. Chalcone is a precursor of fla-
vonoid compounds such as flavanone, flavone,
dihydroflavonol, and flavonolinenzymatic reactions
such as TAL (Tyrosine Ammonia-Lyase), PAL (Pheny-
lalanine Ammonia-Lyase), 4CL (4-asam kaumarik),
CHS (Chalcone Synthase), CHI (ChalconeIsomerase), FS
(Flavonol Synthase), IFS (Isoflavone Synthase), and
F3’H (Flavonol 3’ Hydroxylase). The flavonoid bio-
synthesis pathway so phenylalanine and tyrosine
are the same. The only ones that differentiate them
are only enzymes (Davies and Schwinn, 2005);
(Wink, 2011). Enzymatic reactions have an impor-
tant role in the process of forming flavonoids;
supplementation of phenylalanine and tyrosine acts
as substrate for PAL and TAL, consequently in-
creasing the production of flavonoid. In the study of
(Morkunas et al., 2005), the addition of intermediate
compounds, namely naringenin, successfully in-
creases flavonoid production by 19.72% compared
to controls (without the addition of naringenin). Fla-
vonoids can be formed by adding naringenin which
is catalyzed by the IFS (isoflavone synthase).

The results of this study indicate that tyrosine
inhibits the growth of G.procumbens adventitious
roots because its biomass (fresh weight and dry
weight) was lower than the biomass obtained from
treatments without tyrosine addition. In the treat-
ment of 200 mg/L tyrosine addition, adventitious
roots form callus (data not shown). This is probably
because tyrosine induces the production of endog-
enous IAA (indole acetic acid), which induces the
root cells to form callus.
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Conclusion

Based on this research, phenylalanine and tyrosine
can enhance the production of flavonoid
(kaempferol and quercetin) of G. procumbens adven-
titious roots. The highest flavonoid production was
achieved with the supplementation of 200 mg/L
phenylalanine and 200 mg/L tyrosine, whereas the
highest biomass was obtained with the supplemen-
tation of 100 mg/L phenylalanine. The supplemen-
tation of tyrosine actually inhibits the growth of
adventitious roots. The results of this study can be
used as a basis for determining strategies on a large
scale.
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