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Introduction
Nitrogen-fixing bacteria (NFB) are bac-

teria that capable to transform the free N2
gas in the atsmosphere into ammonium via
electron reduction and N2 protonation us-
ing nitrogenase complex enzyme (Zahran,
1999). Ammonium produced via this
mechanism will be assimilated by cell to
produce organic nitrogen compounds such
as protein, amino acids and nucleic acid,
(Reitzer, 1996). After the cell is lysed, which
is caused by death of the cell, the organic

nitrogen compunds will be released into the
environment and subsequently utilized by
other organisms such as plant. This phe-
nomenon is the basic of biofertilizer by
which the NFB is used as the nitrogen-sup-
plying agent for the plant.

One among difficulties challenged in the
application of the free living NFB as
biofertilizer is the low quantity of nitrogen
compound could be released to the environ-
ment, hence its contribution in nitrogen sup-
ply becomes relatively low, (Dobbelaere et
al, 2003). This fact occures since the nitro-
gen that have been fixated is used by the
bacteria itself and only small amount of the
nitrogen will be released to the environment
after the cell lysed and decomposized
(Boussiba, 1991; Bali et al., 1992). Moreover,
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ammonium accumulation as the result of
nitrogen fixation will prohibit both synthe-
sis and activity of nitrogenase enzyme com-
plex in the cell, resulted the nitrogen fixa-
tion to stop (Colnaghi et al., 1997).

Some differences of nitrogen-fixing
regulation mechanism found in several ni-
trogen-fixing bacteria strains, in which the
ammonium produced by nitrogen fixation
will be excreted via a simple diffusion
mechanism (Kleiner, 1982). This fact rea-
son in two important consequences in the
application of nitrogen-fixing bacteria as
biofertilizer, which are 1) Ammonium ex-
cretion caused of the non-cumulative am-
monium within the cell so the nitrogen fixa-
tion will occured continously, 2) Ammo-
nium that excreted from the bacteria is pos-
sibly utilized directly by plant (Colnaghi et
al., 1997). This research was aimed to ob-
tain and identified nitrogen-fixing bacteria
that are capable to excrete a high concen-
tration of ammonium.

Materials and Methods
Nitrogen fixing bacteria isolates

Azotobacter vinelandii DSM 2289,
Azospirillum brasilense DSM 1224 and 15
nitrogen fixing bacteria isolates encoded as
GMA1, GMA2, GMA3, GMA41, GMA42,
GMA5, GMA6, GMA7, GMA8, GMA9,
GMA92, GMA10, GMA11, GMA12, and
GMA13 used in this research, obtained from
collection of Soil Microbiology Laboratorium
Gadjah Mada University.

16S rRNA gene amplification
Isolated bacterial DNA (50 ng/m1)

were amplified using forward primer 27f (5’-
AGAGTTTTGATC[A/C]TGGCTCAG-3’)
and reverse primer 1492r (5’-TACGG[A/T/
C]TACCTTGTTACGACTT-3’) with con-
centration of each is 25 pmol/m1. PCR cycle
used are as following : 950C for 1 min, 30
cycles (950C for 1 min, 500C for 1 min, and
720C for 1,5 min) and 720C  for 10 min to
lengthen the final products. Electrophore-

sis was performed to PCR product in 0,8%
agarose gel, with 100 Voltage for 30 min.

Amplified Ribosomal DNA Restriction
Analysis (ARDRA)

Result of 16S rRNA gene purification
with DNA gel Kit Spin PrepTM  were then
separated with HaeIII enzyme. DNA
phragmen produced were electrophorised
in 2% agarose gel with 100 voltage for 25
min using electrophoresis buffer solution
TAE 0,5X. Differences of DNA
polimorphism pattern were analysed using
NTSYSpc-2.02i software with Unweight Pair
Group with Mathematical Average (UPGMA
method).

Gen nifH amplification
Isolated DNA were amplified using

nifH-univ for A site (5’-
GCIWTITAYGGNAARGGNGG-3’) primer
and nifH-univ for rev-site (5’-
GCRTAIABNGCCATCATYTC-3’) primer
with 25 pmol/m1 concentration for each.
PCR cycle occured in early denaturation
condition in temperature of 950C for 5 min
and followed by 35 cycles consisting of de-
naturation (940C for 30 min, primary attach-
ment (560C for 30 min) and polimerisation
(720C for 1 min). After the final cycle,
polimerisation continued undergoing in tem-
perature of 720C for 10 min.

Nitrogenase activity test
Test of nitrogenase activity was under-

taken with Acetylene Reduction Assay (ARA)
method (Turner and Gibson, 1980). Bacte-
rial isolates were grown in biphasic modi-
fied liquid mannitol media and incubated
for 3 days. Bacterial culture were then
sentrifuged to separate cell pellets from the
medium. The cell pellets produced were put
into venoject and added with 0,5 mL of
acetylene to undergo incubation for 24 h.
When the incubation had finished, gas in-
side the venoject was analysed with gas
chromatography.
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Qualitative ammonium excretion capaity
test

Bacterial isolates were grown in 30 mL
Burk’s medium. Bacterial culture were then
incubated in room temperature for 48 h and
shaked using rotary shaker. After incuba-
tion time ended, the sample were taken and
sentrifuged at 12.000 rpm for 10 min
(Shanmugam and Valentine, 1975). 5 mL
of supernatan produced was taken and the
pH value was set to 11 by adding NaOH.
After that, medium supernatant were added
with 0,11 mL EDTA, 0,11 mL sodium po-
tassium tartrate and 0,22 mL Nessler re-
agent and homogenized. Raection tube
were incubated for 20-30 minutes at 25 ±
5ºC  then observed for the color change.

Quantitative ammonium excretion capacity
test

Sampling were performed periodically
every 8 h, started at the early incubation
time to undergo sentrifugation at 12000 rpm
for 10 min (Shanmugam and Valentine,
1975). The supernatant produced from
sentrifugation were put into new tube and
pH value was set to 11 by adding NaOH.
Supernatant added with 0,07 mL EDTA,
0,07 mL sodium potasium tartrate, and 0,13
mL Nessler reagent was homogenized and
incubated at temperature of  25 ± 5ºC for
20-30 min. About 2,5 mL sample was taken
and the absorbance was determined using
spectrophotometer at 435 nm wave length
(Yuen and Pollard, 1952).

Nucleotide bases sequence analysis and
phylogenetic relationship

Alignment nucleotide sequence reading
result was performed using align two se-
quence of Basic Local Alignment Search Tool
(BLAST) algorithm programme. Unsuitable
nucleotide sequences  were corrected manu-
ally utilizing Genetyx programme based on
electophoregram graph. Intact 16S rRNA

gene sequence obtained from selected iso-
late was explored for its homologue with
16S rRNA bacterial gene provided in
Genebank database using BLAST
programme. Multiple alignment and ar-
rangement of phylogenetic tree of selected
bacterial isolates’ 16S rRNA gene sequence
and bacterial control’s 16S rRNA gene se-
quence from genebank were performed by
utilizing CLC Free workbench programme
based on unweighted pair-group method us-
ing arithmetic averages (UPGMA) values.
Phylogenetic tree consistency was deter-
mined by using bootstrap analysis with 1000
times resampling.

Results and Discussion
Genetic diversity of utilized nitrogen fix-
ing bacteria isolates

Amplification of 16S rRNA gene from
all analyzed isolates of nitrogen-fixing bac-
teria produced one DNA ribbon with mol-
ecule weight of about 1500 bp (result is not
shown). The results of 16S rRNA gene am-
plification were then separated by using
HaeIII restriction enzyme. Polymorphism
pattern as the result of 16S rRNA gene cleav-
age is shown in Figure 1.

Figure 1. Polymorphism pattern of 16S-rRNA gene of
nitrogen fixing bacteria  isolates after cleavage using
HaeIII restriction enzymes. From left to right : M:
Marker 100 bp DNA Ladder, 1: GMA1, 2: GMA2, 3:
GMA3, 4: GMA41, 5: GMA42, 6: GMA5, 7: GMA6, 8:
GMA7, 9: GMA8, 10: GMA9, 11: GMA92, 12: GMA10,
13: GMA11, 14: GMA12, 15: GMA13

According to the given results of
ARDRA in Figure 1, 16S rRNA gene cleav-
age from analyzed bacterial isolates shows
seven different patterns of DNA polymor-
phism. Each DNA polymorphism pattern
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consists of 4-6 DNA band with molecule
weight varies from 80 bp to 600 bp. Cruz et
al. (2001) reported that 16S rRNA gene
cleavage using HaeIII enzymes on 38 nitro-
gen fixing bacteria  isolated from Musa spp
dan Ananas comosus (L) Merril resulted in
10 different patterns of DNA polymor-
phism.

DNA polymorphism pattern derived
from ARDRA method was not only used to
differentiate bacterial in species level and
higher taxonomy (Reinhardt et al., 2008) but
also to define the familial relationship be-
tween analyzed bacterial isolates (Cruz et
al., 2001). Familial relationship of analyzed
bacterial isolates in this research was per-
formed by constructing phylogenetic tree in
dendogram form (Figure 2).

Figure 2. Phylogenetic tree of 16S rRNA gene cleavage
result using HaeIII enzymes in nitrogen-fixing
bacteria isolates

Phylogenetic tree in Figure 2 above
shows that some of bacterial isolates had 16S
rRNA gene polymorphism pattern with
high similarity level, indicated by similarity
coefficient 1. The coefficient 1 were obtained
from GMA1, GMA41, GMA13 and GMA7
isolates. Bacterial isolates also showing high
similarity level of 16S rRNA gene polymor-
phism pattern were GMA42, GMA8,
GMA9, GMA92 GMA10, GMA2 and GMA6
isolates. Those bacterial isolates showed that
they  have the same taxonomy or very close
familial relationship.

In contrast, bacterial isolates of GMA3,
GMA5, GMA11, and GMA12 showed a low
16S rRNA gene polymorphism pattern with
similarity coefficient less than 1 compared
to other isolates. These bacterial isolates were
supposed as genetically different isolates
compared to others and were selected for
the next test.

Bacterial isolates group that consisted
of those with the same ARDRA pattern and
high similarity coefficient were supposed as
genetically similar isolates and one of them
was selected for the next test. In this study
we chose GMA1, GMA6, GMA 9 and
GMA13 isolates because they had highest
nitrogen- fixing capacity compared to other
isolates based on previous research.

Growth Pattern of Selected Nitrogen-
Fixing Bacterial Isolates in Free Nitrogen
Medium

Figure 3. Growth graph of selected nitrogen-fixing
bacterial isolates in Burk’s media

The growth pattern of selected nitrogen-
fixing bacterial isolates in figure 3 shows
most of bacterial isolates had undergone
adaptation phase for 6 hours as shown in
GMA3, GMA5, GMA6, GMA9, GMA11 and
GMA12 isolates. Generally, all selected bac-
terial isolates enter the exponential growth
phase 9 hours after incubation, except in
GMA1 and GMA13 isolates. Some of bacte-
rial isolates in this study had different
growth time in exponential phase.  GMA5,
GMA6 and GMA12 grew exponentially
until the end of observation time. GMA3,
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GMA9 and GMA13 grew for 18 hours in
exponential phase whereas UGM13 grew
for 15 hours. GMA11 underwent station-
ary phase 21 hours after incubation,
whereas GMA3, GMA9 and GMA13 passed
through that phase after 24 h and contin-
ued until the observation period ended.

Detection of Fe protein encoding nifH gene
(Dinitrogenase Reductase)

Detection of nifH gene in nitrogen-fix-
ing bacterial isolates was conducted by us-
ing PCR technique with primary specific
nifH-univ (for A-site and for rev-site).  This
primer was designed to amplify nifH gene
widely in nitrogen-fixing bacteria
(Burgmann, 2003). The result of nifH gene
amplification in selected nitrogen-fixing
bacteria isolates are shown in Figure 4.

Figure 4.Amplification result of nifH gene in selected
nitrogen-fixing bacteria isolates. M: Marker 1 kb DNA
Ladder, 1: GMA1, 2: GMA3, 3: GMA5, 4: GMA6, 5:
GMA9, 6: GMA11, 7: GMA12, 8: GMA13, 9: Positive
control (Azotobacter vinelandii DSM 2289)

According to Figure 4, all selected bac-
terial isolates had nifH gene with molecular
weight about 400 bp. This result was rel-
evant with Burgmann (2003)  statement
that amplification of nifH gene with specific
nifH-univ primer (for A-site dan for rev-site)
would produce PCR products with molecu-
lar wight about 469 bp. This result also ap-
proved that genetically all selected bacterial
isolates were potential to fixate free nitro-
gen.

Nitrogenase activity analysis using acety-
lene reduction assay (ARA) method

Nitrogen-fixing activity by nitrogenase
complex in selected bacterial isolates is
shown in Figure  5.

Selected bacterial isolates showed dif-
ferent nitrogenase activities (Figure 5).
GMA3 isolate had highest nitrogenase ac-
tivity of 4,60 mmol C2H4.(g/dry weight cell/
h). GMA13 isolates had the second highest
nitrogenase activity of 3,15 mmol C2H4.(g/
dry weight cell/h). Nitrogenase activities of
both isolates were higher than nitrogenase
activities of positive control Azotobacter
vinelandii DSM 2289 that was 1,16 mmol
C2H4.(g/dry weight cell/h). Nitrogenase ac-
tivities in GMA5, GMA6, GMA9 and
GMA12 isolates were in the range of 0,82
mmol C2H4.(g/dry weight cell/h) to 2,50
mmol C2H4.(g/dry weight cell/h). GMA11
and GMA1 isolates had the lowest activi-
ties, 0,04 mmol C2H4.(g/dry weight cell/h)
and 0,17 mmol C2H4.(g/dry weight cell/h).

Some of previous research publications
reported their success in isolation of three
nitrogen-fixing bacteria with highest nitro-
genase activities as high as 187 to 387 nmol
C2H4.(mg protein)-1.h-1 (Kim et al., 2005).
Molecular identification showed that the
three isolates were Azospirillum brasilense,
Azospirillum lipoferum, and Enterobacter sp.
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Qualitative test of ammonium excretion
capacity

According to the result shown in Table
1, we notice that strong positive reaction
indicated with a change of medium super-
natant color into reddish brown  after un-
dergoing reaction with Nessler reagent oc-
cur in GMA1, GMA3, GMA6, and GMA9
isolates. This result showed the existence of
ammonium in high concentration in the
growth medium of those bacterial isolates.
No color change noticed in supernatant from
growth medium of GMA11, GMA12 and
GMA13 isolates showed that there was no
ammonium detected in those isolates cul-
ture medium.

Table 1. Qualitative ammonium excretion capacity of
selected nitrogen-fixing bacterial isolates.

Note :  (+++) indicates positive reaction, (++) interme-
diate positive reaction, (+) weak positive reaction, and
(-) negative reaction

Quantitative ammonium excretion ability
Figure 6 shows that ammonium excre-

tion occured in all bacterial isolates at dif-
ferent concentration. The highest ammo-
nium concentration was detected in 4 cul-
ture medium; GMA1, GMA3, GMA6 and
GMA9. The highest ammonium concentra-
tion was detected in culture medium of
GMA6 isolate as much as 1107,692 µMol.
The second highest ammonium concentra-
tion was found in culture medium of GMA3
as much as 688,718 µMol, followed by
GMA9 with 454,103 µMol, and  GMA1 with
391,538 µMol. Ammonium in culture me-
dium of GMA5, GMA11, GMA12, and

GMA13 isolates were low, only in a range
concentration from 0,001 µMol to 26,154
µMol. The ammonium concentration in cul-
ture medium of positive control Azotobacter
vinelandii DSM 2289 was 242,821 µMol and
Azospirillum brasilense DSM 1224 was
129,744 µMol

Fig ure 6. Quantitative ammonium excretion capacity
in selected nitrogen-fixing bacterial isolates

Some previous studies reported that
they could perform ammonium excretion
capacity test in some strain of wild type ni-
trogen-fixing bacteria such as Azotobacter
vinelandii in concentration about 260,251
µM (Gordon et al., 1983).

Ammonium excretion in all selected
bacterial isolates started at 6 h after incuba-
tion. These could be compared to bacterial
growth graph in Figure 3 that shows am-
monium started being excreted at expo-
nential growth phase and the excretion con-
tinued until stationary phase.  This condi-
tion was consistent with previous study
showing that ammonium excretion in A.
Chrococcum, A. vinelandii, and Klebsiella
pneumoniae occurred when the bacteria
were in late exponential growth phase be-
fore entering the stationary phase when the
growth started to end (Narula et al., 1981;
Bali et al., 1992).  These could be due to high
nitrogen fixation activity in order to fulfill
cell’s needs of nitrogen for fast growing.
Another factor probably caused this condi-
tion was the low oxygen concentration at
the end of stationary phase due to highly
oxygen consuming bacterial growth activ-
ity in aerobic condition.
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After 32 h of incubation, ammonium
concentration in culture medium of bacte-
rial isolates relatively remain stable and also
decline, showing that ammonium excretion
started to decrease. Ammonium excretion
probably ended due to some factors; 1) De-
creasing of nutrition such as carbon re-
sources that the isolates need for their
growth, 2)  Accumulation of nitrogenase
inhibitors such as ammonium, and 3) In-
creasing of medium base (pH) value, (Bali
et al, 1992).

Identification of Selected Nitrogen-fixing
Bacterial Isolates

Based on dendogram affiliation of phy-
logenetic tree (Figure 8), we could notice
that GMA1 and GMA13 isolates had the
highest homology (99%) with
Stenotrophomonas sp. strain MFC-C.

Stenotrophomonas sp is one of commonly
found in soil bacteria, especially in rhizosper
plants area. Reinhardt et al. (2008) reported
that Stenotrophomonas had the ability to fix-
ate nitrogen that was approved by using
ARA test and detection of nifH gene. Liba
et al. (2006) stated that the ability to fixate
free nitrogen from atmosphere was one of
newly found characteristic of
Stenotrophomonas sp that had not been re-
ported yet in previous studies. The ammo-
nium excretion capacity of this bacteria has
not been reported yet.

Figure 7. Phylogenetic tree of selected bacterial iso-
lates arranged using CLC Free Workbench programme
based on unweighted pair-group method using arithmetic
averages (UPGMA) values. The consistency of the tree
was determined using bootsrap analysis with 1000
times resampling.

GMA3 isolates has the highest homol-
ogy (99%) with Brevibacillus formosus strain
DSM 9885T bacteria. This strain was pub-
lished for the first time by Shida et al. (1995)
as Bacillus formosus. It then reclassificatin as
Brevibacillus formosus with the same char-
acteristic as reported before,  with some
additional molecular data (Shida et al.,
1996). Some species of genus Bacillus such
as Bacillus pumilus (Lie et al., 2008) and
many more species from genus Paenibacillus
such as Paenibacillus forsythiae (Ma and
Chen, 2008) were known to have nitrogen-
fixing capacity but none of them were re-
ported to have the ability to excrete ammo-
nium.

GMA5 isolates has the highest homol-
ogy (97%) with Flexibacter canadensis strain
IFO 1513 bacteria. This strain is a soil living
bacteria. There has not been any report
about the ability to fixate nitrogen and ex-
crete ammonium of this strain.

GMA6 and GMA9 isolates have the
highest homology (99%) with Azotobacter
vinelandii strain ISSDS-428 bacteria, and
GMA12 isolates has the highest homology
(99%) with Azotobacter tropicalis strain RBS
bacteria. The nitrogen fixing capacity in
aerobic condition is one of main character-
istic of genus Azotobacter (Brenner et al.,
2005). Previous study reported that Azoto-
bacter vinelandii strain wild type isolates
could excrete ammonium in concentration
about 200 µM (Bali et al., 1992) and 260,251
µM (Gordon et al., 1983).

GMA11 isolates has the highest homol-
ogy (99%) with Rhizobium tropici strain rif
200849 bacteria. Rhizobium tropici is one of
nitrogen-fixing bacteria that has symbiotic
relationship with legume plant through for-
mation of nodule in plant roots. Rhizobium
was known to have the ammonium excre-
tion ability for its host plants through
peribacteroid membrane (Day et al., 2001).

Ammonium excretion analysis revealed
4 isolates which has remarkable ability of
producing high level of ammonium namely
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GMA1, GMA3, GMA6 and GMA9. The 16S
rRNA sequence analysis shown that isolate
GMA3, GMA5, GMA11 and GMA12 had a
closed relation with Brevibacillus formosus
strain DSM 9885T, Flexibacter canadensis
strain ISSDS-428, Rhizobium tropici strain rif
200849 and Azotobacter tropicalis strain RBS
respectively, isolate GMA1 and GMA13 had
a close relation with Sthenotropphomonas sp.
Strain MFC-C, while isolate GMA6 and
GMA9 had a close relation with Azotobacter
vinelandii strain ISSDS-428.
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