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Abstract. Ramadhani SI, Prabaningtyas S, Witjoro A, Saptawati TR, Rodiansyah A. 2020. Quantitative assay of Indole Acetic Acid-
producing bacteria isolated from several lakes in East Java, Indonesia. Biodiversitas 21: 5448-5454. Biofuel is an alternative to fossil
fuels that are environmentally friendly with low emissions. Biofuel from biomass microalgae, especially Chlorella vulgaris, has an
essential role in biofuel production. Increasing biomass microalgae was done by co-culture between microalgae and bacteria. This
research aims to determine the potential of bacterial isolates to produce the IAA hormone and identify the highest isolate with the ability
to synthesis IAA from four lakes in East Java. This research was conducted by culturing bacterial isolates in the Tryptic Soy Broth
(TSB) to add tryptophan media in various periods of incubation. The absorbance was measured with UV-Vis spectrophotometry at a
wavelength of 530 nm for determining IAA-production from bacterial isolates. The results showed that the "12" code bacterial isolate
from Ranu Grati produced the highest IAA hormone concentration, with an average of 30.23 ppm. The morphological characterization
of the highest IAA-producing bacteria showed that isolate included the Enterobacteriaceae group and phenotypic characterization

include Enterobacter cloacae complex (ECC).
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INTRODUCTION

Fossil fuels are an essential source of energy today. In
2017-2025 the supply of power in Indonesia does not meet
domestic needs, and the global demand for fuel expected to
increase by 40% in 2025. Excessive use causes CO;
emissions and global warming (Sa'adah et al. 2017).
Biofuel is an alternative source with low emissions from
biological sources compared to fossil fuels (Tandon et al.
2017). Biofuel from plant cell walls represents an
enormous biomass resource for the generation of biofuels
and chemicals. Plant lignocelluloses, as the most abundant
organic raw materials, are regarded as the best feedstock
for ethanol biofuel production (Carroll and Somerville,
2009). Biofuel from microalgae especially Chlorella-
vulgaris has an essential role in producing biofuels in large
quantities (Li et al. 2008; Jegathese dan Farid 2014).
Increasing the growth of microalgae can be done by co-
culture between microalgae and bacteria. 1AA-producing
bacteria can provide exogenous auxins that had needed for
the process of metabolizing microalgae to grow and
produce biomass (Jusoh et al. 2015), because microalgae
have a high oil and fat and not food ingredients because
they are needed in large quantities (Kawaroe 2015).
Biofuels can be obtained from various high-level plants or
can be sourced from microalgae (Amini and Susilowati
2010). However, currently, microalgae are very good as
raw material for biofuels because they can grow 15-300
times faster in producing biomass than other plants
(Widodo et al. 2018)

Research with Scenedesmus sp. shows that the addition
of IAA was able to increase biomass 1.9 times while other
studies related to Chlorella pyrenoidosa increase biomass
2.2 times (Sivaramakrishnan dan Incharoensakdi 2020).
The growth of Nannochloropsis oceanic was double
moderately after adding IAA with a concentration of 10
ppm (Udayan et al. 2018). The interaction between
microalgae and bacteria is a symbiosis of mutualisms,
which shown the molecular exchange between single cells
of microalgae and bacteria. This exchange gives benefits
for microorganisms and can increase both (de-Bashan et al.
2016). The interaction between Chlorella sorokiniana and
Azospirillum brasilense shows a combined effect with a
marked increase in biomass growth and significant changes
in the physiological, morphological, and biochemical
pathways of microalgae. The interaction between IAA-
producing bacteria and microalgae can stimulate the
biomass of microalgae, especially in C. vulgaris. IAA plays
an essential role in cell growth and metabolic processes.
Besides, there is an exchange of metabolites between cells
such as thiamine, tryptophan, 1AA phytohormone, carbon,
and nitrogen between single cells (Palacios et al. 2019).

. This research explores the 1AA-producing bacteria
from Ranu Grati Ranu Pani, Ranu Regulo and Lake Ngebel
located in East Java, Indonesia.

Those lakes have abundant diversity of microorganisms
and could increase the utilization of biological resources in
those areas (Lestariani 2014; Sharfina 2013). The aquatic
ecosystem can present a lot of potencies, especially for
sources of IAA-producing bacteria. This study aims to
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determine the ability of the bacterial isolate to produce IAA
hormone and identify the highest IAA-producing bacteria.
This bacteria will be carried out in future research to
improve the growth of C. vulgaris in co-culture.

MATERIALS AND METHODS

Isolates and cultures

In the previous study, we had found 36 bacterial
isolates from Ranu Grati, 24 bacterial isolates from Ranu
Regulo, 14 bacterial isolates from Ranu Pani, and 36
bacterial isolates from Lake Ngebel that they were able to
produce IAA hormone isolated from water samples
(Prabaningtyas et al. 2017). The water salinity of the four
lakes was around 0.00-0.4%, pH was about 6.83-9.40,
dissolved oxygen (DO) was between 4.2 and 11.6 mg/L,
and the water transparency was between 50 to 130 cm
(Detail information of each lake can be seen in
Supplementary materials 1). The isolate from Ranu Grati
labeled with a “number”, from Ranu Pani and Ranu Regulo
labeled with the “alphabet”, the isolate from Lake Ngebel
was marked with the “alphabet” combined with “N”. Those
IAA-producing bacteria from the prior study were grown
on Tryptic Soy Agar (TSA) media and incubated for 1 x 24
h. Bacterial isolates from pre-culture were re-cultured on
TSB with addition tryptophan (50:1) volume and incubated
with a rotary shaker with a speed of 120 rpm for 4 x 24 h.
Those new cultures were used for quantitative IAA
measurement.

Measurement of IAA hormone concentration

Bacterial isolates were inoculated into 25 mL of TSB
media that has been added to 0.5 mL tryptophan. The
culture was incubated in a shaking incubator at 120 rpm.
The sampling data was taken at 0, 24, 48, 72 h, which is the
incubation time to determine specific time for highest IAA-
production. The 1.5 mL of culture was moved into a
microtube, next centrifuged at 10.000 rpm for 10 min
(Shaik et al. 2016). A total of 1 mL of the supernatant was
moved into a test tube after that 2 mL of Salkowski reagent
(150 mL H,SO4 concentrated and 7.5 mL FeCls.6H,O 0.5
M) was added (Gordon and Weber 1951). This solution
incubated for 30 min in the dark at room temperature. For
the next, IAA levels were measured using Libra S12 UV-
Vis spectrophotometer (Biochorm, UK) with wavelength at
530 nm (Lwin et al. 2012), replicating in two times.

Determination Optical Density (OD) of IAA-producing
bacterial isolates

OD of bacteria was measured by sampling 1.5 mL of
TSB media that contain bacteria isolates based on
absorbance value at a wavelength of 436 nm (Nghia et al.
2017). Sampling data were taken at incubation times 0, 24,
48, and 72 h (Aryantha et al. 2004). The various incubation
times were used to determine the growth phase of bacteria.
This OD data was performed to show the correlation
between the growth phases with the production of 1AA by
each isolate.
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Morphological characterization

The highest IAA-producing bacteria were characterized
by the colony and cell morphology. Observation of colony
morphology contains color, shape, elevation, size, edges,
and colony density. Observation of cell morphology
includes gram staining, capsules staining, spores staining,
the shape of bacteria cells, size of bacteria cells, cell
movement, and type of respiration (Cappuccino and
Sherman 2004).

Genotypic characterization

The bacterial isolate code "12" produced the highest
IAA hormone was cultured in Nutrient Broth (NB) for
1x24 h at 37°C. A 10 mL suspension was taken from the
culture and then centrifuged, and the pellets were used for
gDNA isolation. Samples were isolated using the QIAmp
DNA Mini Kit (Qiagen, Germany) following the
manufacturer's protocol for bacterial isolation. The purity
of gDNA after isolation will be measured using a
NanoDrop ND-2000 Spectrophotometer (ThermoScientific,

USA).
Top Taq Master Mix Kit Reagent is used for PCR
reaction. PCR reaction profile as follows: initial

denaturation 94°C/3 min, denaturation 94°C/1 min,
annealing 50°C/30 s, extension 72°C/1 min 30 s, final
extension 72°C/10 min, and hold 4°C. PCR products were
examined on 1% gel electrophoresis, stained with Ethidium
bromide (EtBr). The 100 bp marker DNA was added to the
gel to verify the amplicon band. The gel will be run on a
MupidX® one electrophoresis apparatus; then, the
suspicious band is visualized using a UV transilluminator.

PCR products are used for DNA sequencing at 1%
BASE Laboratories, Malaysia. Quality and order will be
checked using FinchTV (available at
https://digitalworldbiology.com/FinchTV). DNA  Baser
software is available at https://www.dnabaser.com/ to get
the paired base sequences. Contig sequences were
compared with nucleotides in NCBI
(https://blast.nchi.nlm.nih.gov) to ensure that the acquired
genes were the target genes. Phylogenetic trees and genetic
distances were calculated using the MegaX software
(https://mww.megasoftware.net/) with the Neighbor-
Joining method (Pardi et al. 2016; Saitou and Nei 1987),
including the 1000-replication bootstrap test.

Data analysis

The number of IAA from various incubation was
analyzed with statistical descriptive; then it was visualized
with the graph from the ten highest IAA-producing
bacterial isolates.

RESULT AND DISCUSSION

IAA standard curve

The standard curve aims to obtain an equation for
calculating the IAA concentration that have been produced.
Spectrophotometry results made a standard curve that
shows the relationship between the standard solution of
IAA (x) and absorbance (y) will get a regression equation y
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= 0.0029x-0.0015 to calculate IAA concentration of
bacteria isolates. The concentration of 1AA-produced by
bacteria isolate was calculated by change variables y with
the absorbance. IAA standard curve results will be obtained
by the value x that has meant the concentration of 1AA.
The IAA concentration value was measured in ppm.

The 1AA production by IAA-producing bacteria isolates

There are forty isolates bacteria from the previous study
that can produce the 1AA hormone (Prabaningtyas et al.
2017). The determination of the IAA concentration was
calculated by linear regression from the standard curve to
show the concentration of the sample solution from the
measurement results. As a result, ten isolates that have the
highest ability to producing IAA can be seen in (Figure 1).
Based on the average product, forty bacterial isolates
showed that the optimum time to produce IAA hormone
was at 48 h incubation (in Supplementary File 2). The
average of IAA produced by the ten highest bacterial
isolates incubated at various times was showed in Figure 1.
From figure 1, the isolate with code “12” has the most
increased average IAA hormone production.

Indole Acetic Acid (IAA) is a member of the group of
phytohormones generally considered to be the most crucial
auxin. IAA production is characterized by a pink
discoloration on TSB media when Salkowski reagent is
dropped. The IAA calculation is due to the interaction
between IAA and Fe that forms complex compounds
[Fe2(OH)2(1A)4]. The factor that influences the reaction
between Salkowski reagents and IAA is light. The darker
the IAA-production will not be disrupted because dark
conditions can avoid the degradation of IAA produced due
to high light intensity (Sukmadi 2013).

IAA-production with variation incubation times ranging
from 0 to 24 h has increased. In incubation 48 h, entered
the peak of IAA production, which was high, but in
incubation 72 h, IAA production had decreased. Besides,
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incubation times more than 72 h have also resulted in low
IAA-production (Meza et al. 2014). Auxin production by
all isolates increased when culture media supplemented
with tryptophan as a precursor for synthesis 1AA (Zhao
2010). 1AA was not produced or produced in negligible
quantity in the L-tryptophan free media. Some
microorganisms produce auxins in the presence of a
suitable precursor such as L-tryptophan (Mohite 2013).

The various types of isolate are documented for the
production of IAA, exploit different 1AA biosynthesis
pathways, and single bacterial strain sometimes-
encompassing more than one pathway. The earlier data, the
production of IAA can vary among other species and other
strains. It is also influenced by culture condition, growth
stage, and substrate availability (Khan et al. 2016).

The results of the analysis showed that the isolate of
bacteria with the code "12" was able to produce the highest
IAA hormone with an average of 30.23 ppm. The isolate
“12" producing IAA is optimal at 48 h incubation because
the bacteria enter the stationary phase. This phase is
influenced by the enzyme content used in the biosynthesis
of tryptophan to produce IAA, also in line with growth
(Kresnawaty et al. 2008). The isolate code "12" included in
the high category in producing IAA hormones when
compared with bacterial isolates originating from soil or
other roots. This difference is due to the ability of each
bacterial isolate produced is different, the condition of each
sampling location, incubation time, and standard solutions
used (Susilowati et al. 2018; Pattern and Glick 2002;
Khairani  2009). IAA hormone production through
biosynthetic pathways with intermediate tryptophan as a
precursor bacteria (Spaepen and Vanderleyden 2011). The
indole-3-pyruvate (IpyA) pathway can be carried out by
plants and bacteria, while the indole-3-acetamide (IAM)
pathway can only be used by bacteria (Spaepen et al.
2007).
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Figure 1. Ten bacterial isolates that produce the highest IAA hormone
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OD measurement

The growth curve based on OD for ten isolates that has
the highest ability in producing IAA can be seen in (Figure
3). Generally, the growth of those isolates increasing from
0 h to 72 h incubation, but the complete phases cannot be
defined. This data also shows the correlation to IAA
production, where OD explains bacterial growth in line
with IAA production. Hence, the growth curve of isolates
probably contributes to the concentration of 1AA that has
produced.

Optical density (OD) measurement results on "12" code
bacterial isolates showed that at incubation 72 h had the
highest OD value. It is probably proved that the 72 h
incubation was the end of the stationary phase. The OD
measurement in (Figure 2) shows that the higher incubation
resulting in a high OD value but inversely proportional to
the IAA concentration that was produced because the
bacteria can grow and divide continuously when nutrients
in the media are still available. The higher OD value
indicating the amount of microorganisms that grow in
media culture was high (Benson 2001).

The interaction of OD and IAA production was
measured at the same incubation time. The OD
measurement results are used to determine whether the
bacterial growth phase is the same as the resulting 1AA
production. Based on the results of research related to the
interaction between OD and IAA hormone production
when viewed from the incubation time, it has the same
thing that from the 0 to 24 h incubation time has increased
the number of IAA. In contrast, at the 48 h and 72 h
incubation time, there is an increase or decrease in IAA
hormones concentration... Hence, each isolate has different
abilities to decompose, and convert the tryptophan
contained in the media. The early incubation of the
available nutrients is still high, so that the resulting 1AA
production is also high (Mike-Anosike et al. 2018).

The location of sampling taken into account, namely the
environmental conditions in different lake regions such as
temperature, pH, the intensity of light, and nutrition, had an
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Figure 2. Growth curve of 10 bacterial isolates that produced the
highest IAA hormone.
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essential influence on bacteria in their metabolic activities
(Sinaga et al. 2016). TSB media influences the TSB
contained tryptophan amino acid in the form of peptone,
functions as a micronutrient in a media, and contains
glucose as an energy source in bacterial growth. The results
of the highest IAA hormone concentration will be
characterized by the colony and cell morphology to show
the bacterial group.

Bacterial identification

Morphological characterization of the colony and cell
morphology with the highest bacteria ability to produce
IAA was a bacterial isolate code “12”. Based on the
morphological characterization of colonies and cells, the
bacteria is included in the Enterobacteriaceae group
(Bergey 2009). The Gram observation of bacterial isolate
12 was available in (Figure 3).

The morphology characteristics of isolate code “12” are
white colony color, shape of circular, colony edge of heave,
the elevation of convex, the density of dense, gloomy,
diameter 1,4 mm, the growth pattern like a sword in NA
media, negative gram type, basil, transparent cell color,
size of length £ 3 um and diameter + 1 pm, present of
capsule and spore, shape spore-like oval, location spore
central, and anaerobic facultative.

Based on morphological, the bacterial isolate “12”
characterization include in Enterobacteriaceae, correlate to
phylogenetic tree construction with the Neighbor-Joining
method, showed that bacterial isolate “12” identified as
Enterobacteriaceae with bootstrap value reaching 92
(Figure 4). Based on this phylogenetic tree, the reliable
species cannot be defined trust; moreover, the genetic
distance analysis informed that isolate closely related with
a member of Enterobacter asburiae strain JCM6051 with
similarity 94.12% (Table 1). The threshold for definition
level in species generally accepted with value 0.03
(Johnson et al. 2019); based on that threshold, species
cannot be defined truly.

Figure 3. Gram-staining of isolate “12” (1000x magnification)
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Figure 4. Neighbor-Joining tree with 1000 replicates. Species in the genus Salmonella and Bacillus were used as out of the group.

Table 1. The similarity 16S rRNA sequence from sample 12 with reference sequences from blast nucleotide

T Inner group
Sequence Group Similarity (%) similarity (%)

NR_024640.1:24-1306 Enterobacter asburiae strain JCM6051 ECC 94.12 98 (include
NR_042154.1:19-1305 Enterobacter hormaechei strain 0992-77 ECC 93.77 sample 12)
NR_042349.1:29-1311 Enterobacter ludwigii strain EN-119 ECC 93.41
NR_044977.1:29-1311 Enterobacter cancerogenus strain LMG 2693 ECC 94.04
NR_116756.1:1-1235 Enterobacter cancerogenus strain LMG 2693 ECC 94.04
NR_118568.1:2-1266 Enterobacter cloacae strain ATCC 13047 ECC 94.12
NR_146667.2:36-1320 Enterobacter tabaci strain YIM Hb-3 ECC 93.59
NR_148649.1:9-1291 Enterobacter bugandensis strain 247BMC ECC 93.95
NR_074799.1:49-1333 Salmonella enterica subsp. enterica strain Ty2 Salmonella Group 92.51 100
NR_074910.1:46-1330 Salmonella enterica subsp. Enterica strain LT2 Salmonella Group 92.51
NR_074540.1 Bacillus cereus ATCC 14579 Out of group 69.26 94
NR_112685.1 Bacillus amyloliquefaciens strain NBRC 15535 Out of group 68.50

In our result, it is shown that the similarity 16S rRNA
within-group genus Enterobacter has a similarity value of
around 98% (Table 1), indicating those sequences are
homogenous. Sample can define in one species if it has a
genetic distance of about > 0.03 or similarity about > 97%
from 16S rRNA sequence comparison; if it below that
value, the sample can conclude as novel species or different
taxa (Bukin et al. 2019). All species member Enterobacter
that has high similarity from blast program is known as
ECC (Vogt et al. 2019), the graphic view of multiple
alignment  sequences in this study already in
Supplementary material 3. ECC consists of several species
such as E. asburiae, E. cloacae, E. hormachei, E. ludwigii,
E. cancerogenus, E. bugandensis, E. tabaci E. mori, E.
kobei, E. nimipressuralis, and E. xiangfangensis (Sophia et
al. 2019).

These complex species have a high similarity of 16S
rRNA sequences, which are related to similar morphology;
consequently, the identification in level species more
difficult (Bickford et al. 2007). Based on that explanation,

we conclude that our bacterial isolate code “12” could be
defined as a novel-species in ECC.

Most species members of the ECC can dissolve
phosphate, produce the IAA hormone, produce ammonia
(Larasati et al. 2018; Nhu and Diep 2017), and produce the
enzyme L-asparaginase (Prihanto et al. 2019). ECC can
produce the IAA hormone through the indole-3-pyruvate
(IPA) biosynthesis pathway (Schutz et al. 2003), and had
high amounts of IAA from tryptophan was 0.90 mL
(Koga et al. 1991).

Morphological characterization is related to genetic
identification in bacteria. Morphological characterization is
used only to describe the characteristics of bacterial isolates
both macroscopic and microscopic to determine the species
and group bacteria in their taxon level; it is necessary to
identify genetically, one of which is using the full-length of
16S rRNA gene. This gene could accurate in the
classification of organisms at very high taxonomic
resolution (Johnson et al. 2019).
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ECC has an essential role in the consortium between
algae and bacteria to produce biomass utilizing the
carbohydrates from complex biofilm biomass, and
produced hydrogen close to the value obtained by a
thermophilic anaerobic microbial —consortium from
pretreated algae biomass (Miranda et al. 2017). IAA-
producing bacteria has been significantly shown to promote
cell enlargement, affected oil accumulation, fatty acid
composition, gene expression in C. vulgaris, and cell
division in C. pyrenoidosa (Jusoh et al. 2015). Cell dry
weight for the C. vulgaris showed 0.75 uM and cell weight
for the Scenedesmus sp. exhibit a maximum at 250 pM
(Bagwell et al. 2014). On a cell basis, chlorophyll and dry
weight were inversely correlated against IAA concentration
for the. C vulgaris; these cell features were proportional in
Scenedesmus sp.

In conclusion,. Bacteria isolate code “12” from Ranu
Grati produces the highest IAA hormone concentration,
with an average of 30.23 ppm. The morphological
description of that bacterial isolate, identified as
Enterobacteriaceae; also  based on  genotypical
characterization with 16S rRNA sequence, that bacterial
isolate could be identified as a novel-species in EEC.
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