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Abstract

Gibberellin is one of phytohormone which has function to stimulate plant growth, especially for accelerating the growth of shoot

and fruiting of plants. Gibberellin (GAs) are very important group of phytohormones involved in seed germination, vegetative

growth, flowering and fruit development, being only four of the 136 known have more bio-active activity than other, they are GS-1,
GA-3, GA-4 and GA-7. The objective of study is to isolate and identify gibberellin of GA-4 from bitter gourd (Momordica. Charantia),

from Majalengka of West Java-Indonesia Plantation. Isolation and purification of GA-4 were carried out by thin-layer chromatogra-

phy, adsorption column chromatography on Silica Gel G-60. while characterization of GA-4 were carried out by Reversed Phase High

Performance Liquid Chromatography (RP-HPLC), Fourier Transform Infrared (FT-IR), and Mass Spectroscopy (MS). The results of

RP-HPLC and FTIR of gibberelline of GA-4 isolates showed a retention time and wave number which was relatively similar to the

GA-4 standard. From the result of MS analysis, the mass spectrum shows the peak of the molecular ion [M+H] + at m/z 355.1501 as

the measured mass, and the calculated mass is 355.1521 with the molecular formula of C19H2405Na, and the degree of saturation

or DBE is 7. The measured molecular mass and the number of DBEs correspond to the molecular mass of GA-4. From the RP-HPLC

found that GA-4 content in M.charantia was 6.06 mg/g dry weight.
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Introduction

Bitter gourd plant (M. charantia L) is a horticultural plant
known as bitter gourd, bitter melon and bitter squash which be-
longs to the Cucurbitaceae family which has a characteristic bit-
ter taste. Behind the bitter taste, bitter melon plants have many
properties and benefits both in terms of health and as a potential
source of food [1]. Bitter melon can grow well and is widely culti-
vated in tropical and sub-tropical regions [2]. Bitter gourd is very
easy to find and is found in almost all regions in Indonesia and has
many local names, for example in Java it is known as paria or pare,
in Sumatra it is known as prieu, fori, prepare, kambeh, pare; in
Nusa Tenggara they are called paya, truwuk paitap, paliak, pariak,
pania and pepule while in Sulawesi they are called poya, pudu,
pentum [3].

The various benefits of bitter melon are closely related to the
substances or compounds they contain. The Momordica genus is
one of the genera rich in the diversity of secondary metabolites

such as terpenoids, diterpenoids, flavonoids and other phenolic

derivatives. The content of secondary metabolites from this genus
has various biological activities [4]. More than 90 terpenoids type
cucurbitins have been isolated from fruits, seeds, roots, stems and
leaves [5]. Some of these chemical compounds are biologically ac-

tive and others may become target molecules for future research.

According to Hopkins [6], gibberellin plays an important role in
seed germination and mobilizes food reserves contained in the en-
dosperm during the early growth of the embryo. The mobilization is
regulated by several hydrolytic enzymes, especially the a-amylase
enzyme. Gibberellin can control the germination of seeds of various
types of plants in nature and can replace the role of light and tem-
perature in increasing germination. One of the growth regulators
that can trigger germination and then growth is gibberellin which
plays arole in cell wall development, cell enlargement, root growth,
flowering induction and cell division. Gibberellin will play a role in
the germination phase where the formation of a-amylase enzymes
occurs in the condition of the aleurone layer, affecting the elonga-
tion of plant segments, with an increase in the number and size of

cells in these segments.
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Gibberellin is a phytohormone that regulates various aspects of
plant growth and development in the entire plant life cycle, such
as cell division and elongation, seed germination, seed elongation,
stem and hypocotyl elongation. Gibberellins also regulate plant ad-
aptation to biotic and abiotic stresses. However, Among the more
than 130 GAs that have been identified from plants, fungi, and
bacteria, only a few types of gibberellins, such as GA1, GA3, GA4,
and GA7, have biological activity as plant growth and development
regulators [7,8]. According to the research of Castro-Camba., et al.
[9], there is Interactions of Gibberellins with Phytohormones and

Their Role in Stress Responses

Indonesia is one of the countries with abundant biological natu-
ral resources which has the potential to produce secondary metab-
olites and has the potential to be developed as a source of biostimu-
lants. Its application aims to increase the efficiency of absorption
of nutrients, abiotic stress tolerance improves crop quality [10].
Currently, biostimulants are widely used to increase plant growth,
especially horticultural crops and some food crops [11]. The bio-ac-
tive GAs commonly found in plants are GA1 and GA4, both of which
have a hydroxyl group at C-3§, a carboxyl group attached to C-6, and
a y-lactone between C-4 and C-10 [12].

The gibberellin (GA-3) content in the bitter melon fruit and
seeds is known to be 4.185 mg/g wet weight. In a study conducted
by Tang., et al. [13], isolated endogenous hormones from bitter
melon plant pistils. Gibberellins promote germination by promot-
ing the secretion of hydrolytic enzymes and weakening the seed
coat tissue, as well as promoting cell division and elongation, and
gibberellin also recovers seed germination in rice with impaired

brassinosteroid signaling [14].

In this study, isolation, purification and characterization of gib-
berellin, especially GA-4, from bitter melon (M. charantia) will be

carried out.

Materials and Methods
Materials: The fruit of bitter melon (M. charantia) which was ob-
tained from a bitter melon plantation in Cipaku Village, Majalengka

District, West Java.-Indonesia.

The research method consisted of five stages, including: (1)
preparation of bitter melon extract using maceration and evapora-
tion methods, (2) extraction and purification of bitter melon extract
(3) separation of compounds using analytical thin layer chroma-
tography, adsorption column chromatography and preparative thin
layer chromatography methods. (4) characterization of the isolate
by high performance liquid chromatography (HPLC) method with
reversed phase C-18 Nucleosyl ODS column, UV detector with A =
260 nm, analysis with FTIR and determination of molecular mass

with Mass Spectroscopy.
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The instruments used in this study were glass tools, seeding
box, desiccator, thin layer chromatography, vacuum evaporator
(Buchi), HPLC (Alltech 8011/2), glass column, C-18 nucleosil ODS
column, biolight fluorescence lamp, analytical balance, pH meter,
polybag, FTIR (Shimadzu 8400), mass spectrometer (Waters, Xevo
Q-Tof MS) and furnace (Thermolyne).

Preparation of extract: First, remove all the dirt on the bitter
melon fruit (M. charantia), then wash thoroughly and dry it. Fur-
thermore, the dried fruit were milled to pieces, and 200 grams of
the fruit were macerated with 1200 mL methanol for 4 x 24 hours
at room temperature. The methanol extract was collected and con-
centrated with a vacuum evaporator at a temperature below 40°C
until concentrate was obtained. Then the concentrate was dis-

solved with distilled water to 100 mL to obtain a crude extract.

Extraction and partial purification: As much as 25 mL of the
crude extract was alkalized with 5% sodium bicarbonate (W/V)
solution to pH 8 and extracted with ethyl acetate (40 mL x 2). The
water layer was then acidified with 3 N hydrochloric acid to pH 2.5
and then extracted again with ethyl acetate (20 mL x 2). The ethyl
acetate fraction was evaporated to dryness in a vacuum evapora-
tor. Than the residue was dissolved in 5 mL of methanol to obtain

methanol extract.

Analytical Thin Layer Chromatography (ATLC): Analytical thin-
layer chromatography was performed using plates coated with
silica gel GF-254. This plate was cut to the size of 6 cm x 2 cm lower
and the upper border was marked 0.5 cm of each end. As many as
3-4 drops of methanol extract were placed with a capillary tube on
the lower mark and standard (Gibberellin GA-4) was placed next to
it. The plate was eluted with a mixture of ethyl acetate: methylene
chloride (6:4) until the eluent move to the upper limit. The result

was observed under UV light at a wavelength of 254 nm.

Identification and characterization of GA-4 isolates by Reversed-
Phase HPLC, FTIR, and MS: A total of 10 pL fraction containing gib-
berellin GA-4 which had been purified by preparative TLC, was
analyzed by Reversed-Phase (RP) HPLC; using Alltec 8011/2 (C-18
nucleosil ODS column) with UV detector at a wavelength of 254 nm.
Analiyzed by FTIR (Shimadzu 8400), and analyzed by Mass Spec.
MS (Waters type Xevo Q-Tof MS).

The buffer elution for RP HPLC was performed with an isocratic
method using 35% methanol in acetate buffer (pH 3.5) with a flow
rate of 0.7 mL/minute. The RP HPLC, FTIR, and MS results were
compared to the GA-4 standard.

Results
Analytical Thin Layer Chromatography: Analytical thin layer

chromatography was performed to determine the standard Rf. This
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Rf value is used to determine the right solvent mixture to purify
gibberellin GA-4 compounds. Thin-layer chromatography belongs
to solid-liquid chromatography, which in this study silica gel GF-
254 was used as the stationary phase and the solvent used was a
mixture of ethyl acetate: methylene chloride (6:4) as the mobile
phase. Silica gel GF-254 is used because gibberellin has a natural
chromophore group so that the use of silica gel GF-254 can provide
fluorescence at wavelength 254 [15]. After the calculation, it was
determined that the standard Rf value was 0,785, which this value
stated that the solvent used was good enough. Compared with an
GA-4 standard that was indicates that there is an gibberellin GA-4
compound in the methanol fraction. So it is necessary to further

purify it by adsorption column chromatography.

1 2 5

Figure 1: Results of analytical thin layer chromatography on the sil-

ica gel GF-254, using a solvent system of chloroform: ethyl acetate:
glacial acetic acid (6: 14: 1) from crude extract (1), methanol ex-
tract sample (2), and GA-4 standard (3) under UV lamp at A = 254.

Adsorption column chromatography

Fractions of 2 mL were collected and analyzed for their content
using analytical TLC and the result is presented in Figure 1. The
fractions that have a spot with Rf value similar to Rf of GA-4 stan-
dard were the fractions of 17 to 21.. This indicates that the fraction
contains gibberellin (GA-4) compounds. The research was contin-
ued with a preparative thin-layer chromatography (TLC) procedure

to obtain purer GA-4 compounds.
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Preparative Thin Layer Chromatography

Figure 2 shows preparative TLC plate observed under UV light
at wavelength 254 nm. Then the parallel stains were scraped off
and suspended in methanol. After that, the mixture was centri-
fuged and decanted to separate the isolates obtained from the
KLTP results. The results obtained are concentrated with a vacuum
evaporator. The residue was dissolved in 1 mL of methanol for fur-
ther analysis by reversed-phase high performance liquid chroma-
tography (RP-HPLC) to obtain the concentration of the gibberellin
(GA-4) compound.

A B

Figure 2: TLC results of Preparative Thin Layer Chromatography

on the silica gel GF-254 stationary phase; A: the standard of GA-4, B:

the GA-4 isolate from bitter melon. Mobile phase; chloroform-ethyl
acetate-acetic acid (6: 14: 1), under ultraviolet light spotting.

Identification of gibberellin GA-4 sample isolates by Reversed-
Phase HPLC

The results of GA-4 analysis of the GA-4 standard and GA-4 sam-
ple with HPLC are shown in figure 3 and figure 4.
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Figure 3: The result of RP-HPLC of the GA-4 standard using a
reversed phase ODS Nucleosyl C-18 column, and a UV detector
with A = 254 nm. The mobile phase was 35% methanol in
acetate buffer pH 3.5 at a flow rate of 0.7 mL/min.
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Figure 4: The result of RP-HPLC of the GA-4 isolate sample using
areversed phase ODS Nucleosyl C-18 column, and a UV detector
with A = 254 nm. The mobile phase was 35% methanol in acetate
buffer pH 3.5 at a flow rate of 0.7 mL/min.

In the figure 3 shows that at the RP-HPLC retention time of gib-
berellin GA-4 standar was 18,474 minutes, and the peak indicates
that the GA-4 standard used is 100% pure. When compared with
the results of the gibberellin (GA-4) sample in the figure 4, there is
one dominant peak with a retention time of 18,499 minutes which
has a peak and time that is relatively the same as the GA-4 stan-
dard. This a little difference in retention time could be caused by

the presence of other peaks that caused a shift.

Characterization of gibberellin GA-4 sample isolates by FT-IR

The results of GA-4 analysis of the GA-4 standard and GA-4 sam-
ple with FT-IR spectrophotometer are shown in figure 5 and figure
6.

Figure 5: FT-IR spectrum absorption peak of GA-4 standard.

FT-IR spectrum data of the GA-4 standard in Figure 5 show the
presence of several absorption peaks. The -OH group gives a strong
absorption at wave number 3295.53 cm-1, -RCOOH at wave num-
ber 2942.93 cm-1, C = 0 at wave number 1757.79 cm-1,and C=C at

wave number 1556 .08 cm-1.

FT-IR spectrum data of the GA-4 isolate sample in Figure 6 shows
a stretching vibration that extends from the OH group at wave num-
ber 3408 cm-1. This confirms the presence of the hydroxyl and car-
boxyl groups of GA-4. The weak stretching vibration of C-H sp3 is

shown at wave number 2932 cm-1. While the stretching vibration
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Figure 6: FT-IR spectrum absorption peak of GA-4 isolate sample.

C = Cis shown at wave number 1578 cm-1. Then the presence of a

methylene group (-CH2-) is indicated at wave number 1412 cm-1.

Characterization of gibberellin GA-4 sample isolates by Mass-

spec.

The results of GA-4 sample isolate by Mass Spec., is shown in

Figure 7.

The presence of GA-4 in bitter melon isolates was also confirmed
from the results of mass spectrum measurements. The mass spec-
trum shows the peak of the molecular ion [M+H]+atm/z 355.1501
as the measured mass and the calculated mass is 355.1521 with
the molecular formula C19H2405Na, and the degree of saturation
or DBE is 7. The measured molecular mass and the number of DBEs

correspond to the molecular mass of GA-4.
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Figure 7: Mass spectrum of GA-4 isolate
(GA-4 [M+Na] + = 355.1501).

From the results of analysis using RP-HPLC, FT-IR, and Mass
Spec. it can be proven that the bitter gourd (M. charantia) sample

isolates contain the gibberellin compound of GA-4.
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Discussion

In plants, gibberellins (GAs) play important roles in regulating
growth and development. Early studies revealed the large chemo-
diversity of gibberellins in plants, but only GA-1, GA-3, GA-4, and
GA-7 show biological activity that controls plant development [16].
Isolation and characterization of gibberellin GA-4 from the bitter
gourd fruit (M. charantia) was an innovative result. Previous re-
search on gibberellin in bitter gourd was limited to the type of gib-
berellin GA-3, while research on the content of gibberellin GA-4 has
not been carried out by previous researchers. In a study conducted
by Tang., et al. [13], obtained a gibberellin hormone (GA_3) content
was 1.06x10-3 mg/g, which was successfully isolated from bitter
melon pistils (M. charantia). Research result of Susilo., et al. [17]
obtained that GA-3 from fruit and seeds of bitter gourd was 4.185
mg/g wet weight, and from the research results of Nindita [18], ob-

tained GA-3 from bitter melon seeds was 2.58 mg/g dry weight

Identification of GA-4 standard using RP-HPLC resulted in a
chromatogram showing the dominant peak of standard GA-4 at a
retention time of 18.474 minutes. Chromatogram from RP-HPLC of
GA-4 isolates from bitter melon had a dominant peak at a reten-
tion time of 18.499 minutes. Compared with the results of the GA-4
standard, the peaks were relatively the same. And according to the
comparison of the retention time of the GA-4 standard and the GA-4
sample states that the isolated sample contains GA-4 compound
with a purity level of 68.46%. This difference in retention time
could be due to the presence of impurities or other components
detected in the isolate. By comparing the sample peak area and the
standard peak area multiplied by the standard concentration used
for RP-HPLC, obtained the GA-4 concentration in the bitter gourd
(M.charantia) sample was 6.06 mg/g dry weight.

Conclusion

Isolation and characterization of gibberellin (GA-4) from the bit-
ter gourd (M. Charantia) were carried out by thin-layer chromatog-
raphy, adsorption column chromatography, RP-HPLC), FT-IR and
MS, were found the good result. The results of HPLC and FTIR of
gibberelline of GA-4 sample isolates showed a retention time and
wave number which was relatively similar to the GA-4 standard.
The mass spectrum shows the peak of the molecular ion [M+H]+
at m/z 355.1501 as the measured mass, and the calculated mass
is 355.1521 with the molecular formula C19H2405Na, and the de-
gree of saturation or DBE is 7. The measured molecular mass and
the number of DBEs correspond to the molecular mass of GA-4.
From the RP-HPLC found that GA-4 content in M.charantia was 6.06
mg/g dry weight.
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