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Abstract. Indole acetic acid (IAA) is an auxin hormone that can regulate plant growth and development. Bacteria produce
1AA through L-tryptophan metabolism. The purpose of this study was to determine the ability of endophytic bacteria isolated
from Daun Dewa plants to produce I1AA to increase the germination and growth of tomato seedlings. Isolation of endophytic
bacteria was carried out by sterilizing plant surfaces. The production of IAA is done by adding L-tryptophan precursors. The
results showed that there were six endophytic bacteria, and three isolates of them have the potential to produce IAA, namely:
ADI.1, UDI1.1, and UD2.1. The highest IAA concentration was produced by isolate AD1. 1. Growth in sprouts is significantly
influenced by the concentration of IAA; the higher the concentration of IAA, the longer the shoots and the roots. Based on the

168 rRINA gene sequence, these isolates belong to the genus Klebsiella.

Keywords: Daun Dewa Plant, Endophytic bacteria, [ndole acetic acid (IAA), 168 rRNA

INTRODUCTION

Endophytic bacteria are symbiotic

bacteria that spend part of their life cycle in
plant tissue without harming the host cell.
Each plant has several endophytic microbes
that also produce metabolite compounds due
to coevolution or gene transfer from host
plants into endophytic microbes. Endophytic
bacteria have an association between bacteria
and plants that has an impact on plant
productivity, both directly and indirectly.
One direct impact is the ability of bacteria to
act as growth stimulants by producing
growth  regulators, also  known as
phytohormones, as described by Gamalero
and Glick in 2011.

Numerous research have been
conducted to determine the potential of the
metabolite chemicals found in endophytic
bacteria. IAA hormone can be produced by
endophytic bacteria, and this hormone is
good for plant growth. It is known that some
endophytic bacteria, including Enterobacter
sp., Azotobacter, Klebsiella, Bacillus, Serratia
Pseudomonas sp., and Azospirillium sp., can

generate and manufacture indole acetic acid
(Tangapo, 2020).

To maximize plant growth, plants
can't produce enough IAA (indole acetic
acid). In order to encourage plant growth
from the outside, symbiotic microorganisms,
including the assistance of endophytic
bacteria, are required. Plants will take up
hormones released by bacteria, causing them
to grow more quickly or larger. The IAA
hormone has the biological ability to create
compounds that can boost plant growth,
height, and germination (Grobelak et al.,
2015).

Indole Acetic Acid (TIAA) is one of the
auxin hormones that regulate plant growth
and development processes such as vascular
tissue differentiation, apical dominance, root
initiation (lateral roots and root fibers), cell
division, elongation of roots and stems, and
seed germination. Natural IAA hormones, in
addition to being synthesized by plants that
are actively developing, can also be
synthesized by bacteria, such as endophytic

bacteria.
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Auxin, a hormone that encourages
plant growth, is typically present in meristem
tissues (Gavrel et al., 2007). To maximize
plant growth, plants can't produce enough
IAA (indole acetic acid). In order to
encourage plant growth from the outside,
symbiotic microorganisms, including the
assistance of endophytic bacteria, are
required. Plants will take up hormones
released by bacteria, causing them to grow
more quickly or larger. According to
Grobelak et al. (2015), the IAA hormone can
physiologically ~produce chemicals that
promote seed germination, plant height, and
growth.

Tomatoes have a wide range of uses,
both in the form of vegetables and fruit and
in the form of processed foods. This very
common use of tomatoes causes the demand
for tomato production to be high. Tomatoes
have a high nutritional content, such as
proteins, carbohydrates, fats, minerals, and
vitamins (Bernadus and Wahyu, 2002). To
increase production, approaches can be
taken. One approach is the utilization of
microbes as biological agents, with the ability
of endophytic bacteria to produce the
phytohormone TAA.

MATERIALS AND METHODS

1. Isolation of Endophytic Bacteria
Gynura divaricata (L.) DC obtained

from Flora Herba Nusantara. Daun Dewa

plants were washed with running water to
remove dirt. in the form of dust and soil. The
plant sample is cut in 1-2 cm. The samples
were treated by soaking Tween 20 for 5
minutes by shaking. The sample was washed
with sterile aquades several times, soaked
with 0.5% sodium hypochlorite for 5
minutes, rinsed with 70% alcohol for 2
minutes while shaken and then washed with
sterile distilled water three times. For the
isolation of endophytic bacteria, the surfaces
of sterilized and cut plants are then macerated
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in pH 7.4 and serially diluted to 10° dilution,
from 100 pL gilded into the media to be
incubated for 24 hours at 37°C then

periodically observed for bacterial growth
(Jasim ez al., 2014).

2. In vitro IAA Production Test

IAA production quantitatively uses
100 pL of each endophytic bacterial
inoculum (108 CFU/ml) inoculated to the
nutrient broth (NB) medium without and
with the addition of L-tryptophan (100, 200,
300 pg ml/L and incubated for 3 days at 120
rpm at 37°C. The bacterial inoculum was
centrifuged at a speed of 3000 rpm for 20
minutes. One ml of the -centrifuged
supernatant was transferred to a sterile tube
and added 2 mL of Salkowski reagent were
then incubated for 30 minutes in the dark.
The absorbance value measured using a UV-
Vis spectrophotometer at 530 nm. The
quantity was determined by IAA standard
solution (Khan ez al., 2010).

3. In vitro tomato seed germination test
Tomato seeds are surface sterilized
using sodium hypochlorite (NaOCI) 1% for
5 minutes and then washed with sterile
distilled water 3 times. Inoculum
preparation, Nutrient broth media were
added with L-tryptophan 100, 200, 300
Hg/ml respectively. Seed coatings were done
with 100 pL of IAA positive bacterial culture.
Each bacterial culture was given to tomato
seeds then incubated according to treatment
at 37°C with 120 rpm for 24 hours in a
shaker incubator. Fach seed was transferred
into a sterile Petri dish and given with sterile
cotton soaked with sterile distilled water. The
seed was then stored at room temperature for
one week (Rui ez al., 2016). The shoot length
was measured from the base of the stem until
the end of the leaves with a ruler. While for
the root length measured based on the
number of and position the root (lateral
root). All data were analyzed with analyses of
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variance (ANOVA) using SPSS software.
Futher test data analyzed using Duncan’s
Multiple Range Test (DMRT) test 5% (Taiz
et al., 2002).

4. Amplification of 16S rRNA gene using
PCR method

Endophytic bacteria genomic DNA
were extracted using Presto™ Mini gDNA
Bacteria Kit (Geneids). The 16S rRNA gene
of the endophytic bacteria was amplified
using forward primer 63F (5-CAG GCC
TAA CAC ATG CAA GTC-3’) and reverse
primer 1387r (5°-GGG CGG TGT ACA
AGG C-3’). Amplification of Polymerase
Chain Reaction (PCR) mixture consisted of
12,5 pl 2X myTaq Hs Red Mix DNA
polymerase, 1,25 pl of each primer (10
pmol), 1 pl DNA template (100 ng) and 9
pl of ddH20O. Thermocycling conditions
included pre-denaturation at 95°C for 1
minute, and 35 cycles of denaturation at
95°C for 15 seconds, annealing of 58°C for
15 seconds, elongation 72°C for 15 minutes.
The finalizing process was performed at 72°C
for 3 minutes (Marchesi et al., 2002), and
then the checked by with electrophoresis.
PCR products of the 16S rRNA gene were
then sequenced by sending it to Ist Base
Singapore. The 16S rRNA gene sequences
were analyzed using BLAST Nucleotide
software on the NCBI website to identify the
species of the endophytic bacteria base on the
sequence similarity with the GenBank
database.
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RESULT AND DISCUSSION
1. In vitro IAA production

Six endophytic bacterial isolates were
obtained from the Daun Dewa plant. The six
isolates were Ud1.1, Ud2.1, Adl.1, Bd2.1,
Bd2.2, and Adl1.2. Among the six isolates,
three isolates produced the highest IAA
production, namely Udl.1, Ud2.1, and
Ad1.1 in the nutrient broth media, which
was marked by a change in color from reddish
yellow to pink, which was caused by the
Salkowski  reagent, where FeCl3 s
incorporated in the Salkowski reagent, so it is
bound to IAA. The color change is first seen
at the highest TAA concentration within
minutes and continues to increase in
intensity after 30 minutes of incubation. The
higher the color density, the more it indicates
that the amount of IAA produced by the
bacteria is also increasing. This opinion is
consistent with the research. According to
Yuniarti & Purwani (2007), qualitative
analysis on agar plate media enriched with
tryptophan is characterized by the formation
of a pink color around the colonies after
being given Salkowski reagent, and according
to the opinion of (Shaharoona et al., 2006;
Joshi & Bath, 2011) showed that, the
potential for color change will be greater if
the concentration of Salkowski wused is
higher.

Endophytic bacterial isolates are
known to have the ability to produce IAA in
the nutrient broth medium without
tryptophan  or with the addition of
tryptophan (Table 1).
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Table 1. IAA production by endophytic bacterial isolates of Daun Dewa plant

L-tryptophan

TAA concentration the result of isolat

Concentration Udi.1 Bd2.1 Bd2.2 Ud2.1 Ad1.1 Ad1.2
NB ;OI(;'UP 359.8 ¢ 118.2: 253.2° 556.5 621.5" 181.5"
NB;o%)—trp 386.5 134.8 233.2° 589.9°¢ 651.5° 188.8"

NB + L-trp 300 511.5¢ 111.5% 259.8° 786.5¢ 671.5¢ 206.5¢

Control 354.5' 71.5% 66.5" 354.8 433.2* 93.2°

Note: letters on the same column show no significant difference based on Duncan's test of 5% level.

In the medium added with L-
tryptophan, the three isolates, such as Ud1.1,
Ud2.1, and Adl.1, were able to produce
higher IAA compared to other isolates. This
is because the amino acid L-tryptophan
functions as a precursor in IAA synthesis by
bacteria through tryptophan dependent
pathways (Marag et al., 2018) and also
indicates that the microbe can utilize L-
tryptophan as a precursor compound for JAA
production (Matsuda et al., 2005). However,
for treatments without the addition of
tryptophan, bacteria can still produce IAA,
even in small amounts. The three isolates
showed significant differences, which means
that there was an influence from the addition
of L-tryptophan to the endophytic bacterial
isolates.

Except for isolates Bd2.1, Bd2.2 and
Ad1.2, these three isolates were able to
produce IAA but with low yields. The
addition of L-tryptophan with different
concentrations was carried out to find out the
effect of L-tryptophan on producing IAA.

The difference in IAA production
from various isolates can be influenced by the
type of bacteria and its ability to convert L-
tryptophan contained in the media into IAA.
When viewed in terms of the media used and

the process of IAA production, the
concentration of IAA produced by these
bacteria cannot be used as a basis for assessing
the superior quality of a bacterium in
producing the phytohormone IAA. This can
be influenced by several variations in
composition and conditions. This s
consistent with Bambang's (2013) variation
of media composition and production
process conditions (such as temperature, pH,
stirring speed, and incubation time), which
remained the same for each bacterial isolate
in this study. In addition to variations in
bacterial isolates, media composition and
production process conditions also have an
impact on the concentration of IAA
produced. Each bacterial isolate requires
optimal conditions in media composition
and production process in order to produce

IAA phytohormone maximally.

2. Germination of tomato seeds iz vitro
Tomato seeds were incubated with
the bacterial culture that produced the
highest IAA (Adl.1, Udl.1, Ud2.1).
Bacterial cultures were given L-tryptophan
with different concentrations. The bacterial
isolate Ad1.1 showed a very good increased in

seed growth (Table 2).

1 54 - Isolation and Molecular Identification of Indole Acetic Acid-Producing Endophytic Bacteria...



Bioeksperimen, Volume 9 No. 2 (September 2023)

ISSN 2460-1365

Table 2. Effect of seed coating with IAA-producing endophytic bacteria on tomato seed germination (in

vitro)
L-Tryptofan Name of isolates
concentration Udl.1 Ud2.1 Adl.1
(g/ml) Shoot (cm) Root (cm) Shoot (cm) Root (cm) Shoot (cm) Root (cm)
100 1.876° £ 0.15 0.341* +0.05 1.238°+0.07  0.626*+0.13  3.029°+0.22 1.351° £0.10
200 2.269 <+ 0.07 0.446" + 0.05 1.371°+ 0.05 0.640*+ 0.01 4,184+ 0.08 2.433°+ 0.09
300 2.547 4+ 0.08 0.628 °+ 0.004 1.862¢+0.09  0.774*+ 0.06 5.282% 0.02 2.7564+ 0.12
Control 0.813% 0.04 0.377* + 0.04 0.093* + 0.03 0.601% + 0.10 0.942%+ 0.04 0.773'+ 0.010

Note: mean + standard deviation of 3 replications p <0.05, Letters in the same line show no significant

difference based on Duncan's test of 5% level.

Seed
bacteria has the ability of different to

coating with endophytic

promote growth and increase seed
germination yield. The germination rate in
the treatment of endophytic bacterial isolates
was higher than in the control this shows
there is a significant change. The germination
rate will also affect the shoot and root length
of the Therefore,

endophytic bacterial isolates or biological

sprouts. the use of
agents can increase shoot and root length.

In the Ad1.1 with a concentration L-
tryptophan different able to encourage seed
germination, so in the concentration L-
100, 200 dan 300 pg/ml
influential significantly against shoot and the

tryptophan

root length germination tomatoes compared
to control. in the Ad1.1 produces higher seed
germination compared with the treatment
endophytic bacterial another. This proves
that at low concentrations of TAA can cause

elongation of roots and stem shoots as well as

at high concentrations. While for Udl.1
treatment showed results that were not
different from Adl.1 treatment although
lower than Ad1.1 treatment. Then for Ud2.1
with the addition of IAA concentrations from
100 to 300 pg/ml was able to cause
clongation of the stem, while the roots had
no effect compared to isolates Ad1l.1 and

Ud2.1. According to (Patten and
Glick2002)., High concentrations of
exogenous IAA can induce lateral and

adventitious roots, while low concentrations
of exogenous IAA can stimulate the growth
of primary roots and shoots.

The and L-

tryptophan concentration in tomato seed
ryptop

use of bacterial isolates
soaking has the potential to accelerate the
germination process and increase the number
of germinated seeds in Udl.1 and Adl.1
varieties. As a result, the faster the tomato
seeds germinate, the better their growth as

shown in (Table 3).

Table 3. Percentage of effect seed coating with IAA-producing endophytic bacteria on tomato seed

germination (iz vitro) in one-week observation.

Concentration

Number of seeds germinated (%)

L-tryptophan

g/ Udi.1 Ud2.1 Adl.1
100 17°+ 1.0 15°+1.0 20°+ 1.0
200 19*+1.0 104+ 1.0 16*+ 1.0
300 23+ 2,1 10*+1.5 25+ 1.0

Control 14*+ 1,0 13*+ 1.0 20+ 2.0
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Seed Coating stored for one week
with the addition of L-tryptophan to every
isolate shown percentage different (Tabel 3).
The treatment Udl.1 with L-tryptophan
100, 200 dan 300 have increased significantly
compared with the control. This is indicated
that the Ud1.1 with L-tryptophan potentially
improves seed germination. While to Ud2.1
in the L-tryptophan 100 did not significant
different the

concentration 200 and 300 showed the same.

against control  and
It is likely caused by several things that was a
layer of coating hard and dry resulted in time
water inhibition become longer so hamper
radicular to come out. On the show result,
the isolate Ad1.1 higher compared to the
constitution of is Ud1.1 and Ud2.1. this is
indicated that the isolate Adl.1 with L-
the

germination of the seeds of tomatoes with the

tryptophan  potentially

improves

influence of the hormone indole acetic acid
(IAA).

Based on the results obtained indicate
that the increase in seed germination results,
which is due to the direct influence of
endophytic bacteria. The direct effect comes
from endophytic bacteria that can produce
IAA growth regulating-hormones, giving
different responses to shoot and root lengths.
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In the same IAA, a concentration gives a
different growth response to each part of the
plant organs (Silva ez al, 2004). This is
similar to research (Kunkel ez 4/., 2006) that,
the ability of biological agents can increase
crop yields, and is closely related to the ability
of biological agents to synthesize plant
hormones such as IAA, IBA, and GA

3. Endophytic bacterial identity based on
16S rRNA gene sequences

Endophytic bacterial isolates were
identified molecularly based on sequences of
genes of encoding 16S rRNA. Bacterial
genomic DNA was amplified by the PCR
method with primers 63f and 1387r
discovered that those primers could amplify
16S rRNA gene sequences with a size of
about + 1.400 bp. PCR products from each
of the three endophytic bacterial strains
showed almost the same size, which was
about + 1.400 bp. Description: M= Marker
DNA ladder, (1) = Ud1.1, (2) = Ud2.1, (3)=
Ad1.1. Visualization of PCR products could
be seen in Figure 1 and the closed species of
the endophyte producing IAA isolates based
on the 16S rRNA sequence presented in
(Table 4 and Figure 1).

Table 4. Identity of IAA producing endophytic bacteria from Daun Dewa plant based on sequences of 168

rRNA.
No Isolation Closest Species Identity Identity % Accession
Name Number

1 Udl1.1 Klebsiella quasipneumoniae subsp st 98.04 MK336743
P64

2 Ud2.1 Klebsiella pneumoniae 98.38 MK386785
strain KP1804

3 Adl1.1 Klebsiella pneumoniae 97.06 HM209778

strain GBA758
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Figure 1. Agarose gel electropherogram of 16S rRNA gene amplification of endophytic bacteria.

Genuse of the Klebsiella are widely
distributed in nature and they are often
found in soil and plants. Although these
strains were confirmed as endophytes, under
some conditions they might be opportunistic
pathogens (Kunkel ez a4l., 2006). From the
studies of ( Celloto ez a/ ., 2012), it is evident
that a large number of bacterial diazotrophs
including Klebsiella have the ability to
synthesis IAA. According to Bhattacharyya
and Jha (2012), various types of bacteria have
been identified as IAA producers, such as

Aeromonas veronii, Agrobacterium sp.,

Alcaligenes piechaudii, Azospirillum
brasiliense, Bradyrhizobium Sp-»
Enterobacter cloacae, Rhizobium

leguminosarum, and Klebsiella pneumoniae
(Sachdev et al. 2009). In addition, several
bacterial ~ species  from  the  genus
Pseudomonas, Aerobacter, Bacillus, and
Klebsiella are also known to have the
potential to fix nitrogen and produce the
hormone IAA. (Chen et al. 2013) and
(Rosenblueth et al, 2008).

The high-level similarity of those
isolates compared to GenBank data
confirmed that these isolates belonged to the
same genus as mention in the database.

According to (Drancourt ez a/ ., 2009) based
on comparison sequences of genes encoding
16S rRNA in GenBank, two bacteria that had
the maximum degree of similarity
(Maximum identity) = 99% indicates that the
species being compared are the same, while
the maximum rate > 97% similarity can be
stated that the isolates are in the same genus
and similarities between 89-93% showing
different family.

CONCLUSION

Endophytic bacterial isolated from
Gynura divaricata (L.) DC, medicinal plant,

obtained six endophytic bacteria and three
isolates of endophytic bacteria that exhibit
activity in producing hormones indole acetic
acid (IAA) and increase in seed germination,
shoot and root growth in vitro by seed

coating. These isolates belong to the genus
Klebsiella.
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