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Abstract:

Objectives: To identify the bacteria, fungi and actinomycetes isolated from soil samples
augmented with biochar by fatty acid methyl ester method. Methods and Statistical analysis:
The fatty acid profiles of microbial populations were identified by FAME analysis. Analysis of
variance (ANOVA) and principal component analysis of microbial populations were carried out
using SYSTAT 9. Findings: Three bacteria, two fungi, three actinomycetes isolated from soil
samples augmented with biochar, were identified by FAME analysis based on the presence of
particular fatty acid biomarkers. The current study showed that the major fatty acid was 15:0 iso
followed by 15:0 anteiso for the bacterial isolates Stenotrophomonas maltophila and Bacillus
megaterium. The major fatty acids present in Bacillus cereus was 15: iso followed by 17:0 iso.
The results showed that the major fatty acids in fungi (Cladosporium carrionii, Phoma spp)
werel8:2 CIS 9,12/18:0a followed by summed feature 8 and 16:0. The major fatty acids in
actinomycetes was 15:0 anteiso followed by 16:0 iso for Streptomyces-rochei-rochei and 17:0
anteiso for Streptomyces-halstedii-scabies. PCA (principal component analysis) resulted in clear
separation of microbial communities. So, it can be used for the comparison of microbial
communities based on fatty acid profile. Novelty and applications: Previous studies scarce data
of the microbial populations in the rhizosphere soil of rubber in Kerala. The current study helps
in the evaluation of major microbial population in the rhizosphere soil of rubber in Kerala by
FAME analysis.

Keywords: Bacillus spp, Cladosporium carrionii, FAME analysis, rubber, Streptomyces spp.
INTRODUCTION

Soil is the key component for furnishing water, nutritional components and mechanical
assistance for the plants. The continuous changes in the agricultural fields affect the
physiochemical and biological properties of the ecosystem and this affect the soil health and crop
productivity . Biochar is a charcoal like substance that can be incorporated into soil for the
enhancement of carbon, NPK and water holding capacity . Its high nutrient efficiency, porous
structure and CEC helps to improve the microbial activities ©*®. They enhance the growth of
microorganisms and nutrient cycling ®. Thus, the biochar application in soil act as a soil
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conditioner and enhance the microbial growth and diversity. Microbial diversity indicates the
microbial abundance in a particular habitat. The composition of different bacterial community is
affected by soil treatment with biochar and the number of harvesting years /*®.

The vital parts of each and every living cell consists of membrane lipids and their fatty acids.
These chemical components present in the microorganisms (microbial biomarkers) can be
evaluated in a given sample and can be explained by quantitative and qualitative methods. They
have great configurational variation and high biological accuracy. So, they are used as the most
powerful biomarkers for the identification of microorganism ©.

Fatty acids of bacteria are the crucial component of the lipopolysaccharides and the lipid bilayer
of the cell membranes. As the bacterial fatty acids takes part in the cell structure and functions,
they are extremely preserved and can be used for identification of microorganisms. Therefore,
the total cellular FAME composition gives an impression of cellular genome which act as a
bacterial sketch or outline. The phenotypic character of a microorganism is shown by cellular
fatty acids. The use of fatty acid methyl ester analysis by GC is used for the identification of both
environmental and medical microbial isolates (***%).

The particular type of fatty acids in the specimens are compared and are classified based on the
presence or quantity of fatty acids. FAME assay technique is an important mechanism in the
study of microbial phylogeny due to the precision of these fatty acids. In this technique cellular
lipids are saponified into their methyl esters and are identified by GC®V.

The similarity index (SI) is a numerical value that helps in the comparison of the fatty acid
composition of an unknown sample with that of the strains present in the library. A sim index of
0.6 is an indication of good match **. So, to compare the profile of an unknown microorganism,
FAME library should contain a known bacterial profile “®. The present work aims in the fatty
acid methyl ester identification of bacteria, fungi and actinomycetes obtained from biochar
augmented soil and their PCA analysis.

2 MATERIALS & METHODS
2.1 Study site

Soil samples were collected from the rubber plantation at Nellimattom, Ernakulam (Dist.),
Kerala, India (9° 53’ 56.79” N and 76° 22’ 5.05” E) which are amended with biochar [Figure 1].
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Fig 1. Location map showing the study site
2.2 Sampling

Samples were collected from different biochar augmented soil. The bacteria, fungi and
actinomycetes were isolated by spread plate technique using nutrient agar, potato dextrose agar
and actinomycete isolation agar. The petri plates were incubated at 37°C overnight for bacteria,
at room temperature for 3-5 days for fungi and actinomycetes " *®. The isolates showing
maximum frequency were taken for FAME analysis.

2.2.1 Fatty acid methyl ester analysis

Sherlock microbial identification system by gas chromatographic technique was used for the
identification of bacteria, fungi and actinomycetes. About 40 mg of bacterial cells were taken
and added 1.0 ml of saponification to each cell containing tubes and vortexed. It is heated in a
boiling water bath for 5 minutes, during that time the tubes are strongly vortexed for 5-10
seconds and again put back to the water bath for 30 minutes heating.

The tubes were cooled and 2 ml of methylation reagent was added (325 ml 6.0N HCI and 275 ml
methyl alcohol). The tubes were vortexed and heated at 80° £ 1°C for 10 = 1 minutes. 1.25 ml of
extraction reagent (200 ml hexane and 200 ml methyl tert-butyl ether) was added to the cooled
tubes and gently tumbled for 10 minutes on a rotator. The fatty acid methyl esters at this stage
are extracted into the organic phase. About 3ml of clean up reagent (10.8g NaOH dissolved in
900ml distilled water) is added to the organic phase, and tumbled for 5 minutes. The organic
phase was used for the GC analysis.
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2.3 Statistical Analysis

Results were presented as mean + SD. The means were separated using Tukey’s Honestly
Significant Difference (HSD) test with a significant level P <0.05, n=3 using SYSTAT 9.

RESULTS AND DISCUSSION
3.1 Fatty acid composition of the microbial isolates

Fungi have greater fatty acid composition followed by actinomycetes and bacteria. Percentage of
fatty acid composition in the microbial isolates were given in Tablel.

Table 1. Percentage of fatty acid composition in the microbial isolates

Microorganisms Percentage of PLFA composition
Stenotrophomonas maltophila 1.24+4.67
Bacteria B.cereus 1.23+2.8
B.megaterium 1.23+5.53
i Cladosporium carrionii 5+12.03
Phoma spp 5.17£13.52
S. rochei. rochei 2.78+8.76
Actinomycetes Streptomyces. halstedii. scabies  2.78+7.5
S.rochei. rochei 2.78+5.96

Results are given as mean+SD
3.2 Fatty acid composition of the bacterial isolates

The bacterial spp. obtained after biochar amendment were Stenotophomonas maltophila, Bacillus
cereus and Bacillus megaterium. The bacterial FAME analysis showed eighty- one different fatty
acids with 8 to 20 carbon atoms. Out of the bacterial isolates analysed, two belong to Bacillus
family and one belong to Stenotrophomonas.

Biomarkers such as 14:00, 14:0 iso, 15:0 iso/anteiso, 16:00, 16:0 iso, 17:0 iso/ anteiso, 18:00,
18:1 w9c were present in all the bacterial isolates. The common and major fatty acids present
only in genus Bacillus were 13:0 iso, 13:0 anteiso, 15:0 iso/anteiso cellular fatty acids. Among
this, fatty acids13:0 iso/anteiso were more in Bacillus cereus and 15:0 iso/anteiso were more in
Bacillus megaterium.

Sharmili and Ramasamy reported that iso and anteiso branched saturated cellular fatty acids were
present mainly in Bacillus spp “® *¥. Gram-positive bacteria contain fatty acids like 15:0 iso,
15:0 anteiso, 16:0 iso, 17:0 iso/anteiso as their major cellular fatty acids ®®. Stenotophomonas
maltophila showed cellular fatty acids 15:0 iso/ anteiso (39.94% and 12.46%) as major
biomarkers.
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Fatty acid methyl ester profile of Stenotophomonas maltophila showed a sim index of 0.480. In a
study conducted by Shaikh et al., the Stenotophomonas maltophila showed a similarity index of
0.973 ®3_ The gas chromatography profile is shown Figure 2.
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Fig 2. Gas chromatograph profile of cellular fatty acids of Stenotrophomonas-maltophilia

Fatty acid methyl ester profile of strain Bacillus -cereus-GC subgroup B showed a sim index of
0.114. Cellular fatty acid methyl esters in this strain revealed the presence of 15:0 iso (14.23%),
17:0 iso (13.63%), 16:00 (9.48%), 15:0 anteiso (7.76%), 17:0 anteiso (6.67%), 16:0 iso (6.58%)
and 13:0 anteiso (6.32%) as major fatty acids. Fatty acid methyl ester profile of strain Bacillus
megaterium- GC subgroup A showed a sim index of 0.249. Cellular fatty acid methyl esters in
this strain revealed the presence of 15:0 iso (45.4%) and 15:0 anteiso (19.45%) as major fatty
acids.

The fungi obtained after biochar amendment were Phoma spp. Cladosporium carionnii. The
results of FAME analysis showed thirty-five biomarkers with 8 to 22 carbon atoms were
detected. Cellular fatty acids, 18:2 CIS 9,12/18:0a and 18:00 were present in all the isolates.
Eukaryotic cells constitute monounsaturated or saturated fatty acids having C10 to C18 carbon
chain @+ 22 Cellular fatty acids such as 18:2 CIS 9,12/18:0a, 16:00, were present commonly in
all the fungal isolates. Of these 18:2 CIS 9, and 12/18:0a and were the major fatty acids present.
In our present study, Phoma spp. contains only five cellular fatty acids like16:0, 16:1 Cis 9 (w7),
18:0, 18:2 CIS 9,12/18:0a and showed a sim index of 0.928. Cladosporium carionnii showed the
presence of eleven fatty acids. Of this major percentage fatty acids were 18:2 CIS 9,12/18:0a,
16:0, 18:0. It showed a sim index of 0.839.

3.4 Fatty acid composition of the actinomycete isolates

The results of FAME analysis showed thirty-six biomarkers with 10 to 20 carbon atoms. The
actinomycete isolates belongs to Streptomycetes family. Hence, we can assume streptomycetes as
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the major group of cultivable actinomycetes in our soil samples. The common fatty acids for the
identified streptomyces isolates were saturated iso/anteiso- fatty acids like 15:0 anteiso, 16:0 iso,
15:0 iso, 14:0 iso, 17:0 anteiso. Vitézova isolated 115 actinomycetes strains from soil sample 23)
According to Vitézova, due to specific characteristic features of actinomycetal fatty acids,
FAME method can be used only for differentiating Streptomyces genus from other members of
actinomycetes.

In a study done by Korn-Wendisch and Kutzner, the chromatogram patterns of streptomyces
have C14 to C17 long chain (branched saturated iso-/anteiso- fatty acids). In our study also the
common and major fatty acids are iso-/anteiso with C14 to C17 long chain . The main
actinomycetes isolated from soil were of genus Streptomyces > 2,

Fatty acid methyl ester profile of S. rochei rochei revealed the presence of 15:0 anteiso
(49.58%), 16:0 iso (14.77%), 14:0 iso (9.63%) and 15:00 (9.13%) as major fatty acids. It has a
sim index of 0.018. It is identified using the library, ACTIN13.80. Fatty acid methyl ester profile
of strain Streptomyces-halstedii-scabies revealed the presence of 18:2 CIS 9,12/18:0a (28.94%),
15:0 anteiso (16.12%), Summed Feature 8 (11.19%), 17:0 anteiso (10.26%) and 16:00 (8.54%)
as major fatty acids. It has a sim index of 0.017. It is identified using the library, ACTIN1 3.80.
Fatty acid methyl ester profile of strain Al4, Streptomyces-rochei-rochei revealed the presence
of 15:0 anteiso (30.85%), 16:0 iso (15.39%), 15:0 iso (9.89%), 17:0 anteiso (9.72%) and 14:0 iso
(6.35%) as major fatty acids. It has a sim index of 0.018. It is identified using the library,
ACTIN1 3.80.

3.5 Principal component analysis

PCA analysis illustrates the variation in the PLFA distribution among the bacteria, fungi and
actinomycetes identified by FAME method. PC1 and PC2 account for 59.59% and 27.11%
variation for bacteria, 92.92% and 5.88% variation for fungi and 71.62% and 24.62% variation
for actinomycetes. Microorganisms having a sim index of less than 0.3 was not able to identify
by FAME analysis.

Stenotrophomonas maltophila, Bacilus cereus and Bacillus megaterium form clustur and had
more positve scores for PC1. Unidentified bacteria B15 and B18 form cluster and had more
positve scores for PC2. Cladosporium-carrionii and Phoma spp. form cluster and had more
positve scores for PC1. Unidentifies F1 aso had more positive scores for PC1. Unidentified F2
and F10 form cluster and had more positve scores for PC2. Two Streptomyces-rochei-rochei and
Streptomyces-halstedii-scabies form cluster and had more positve scores for PC1. Al had more
positive scores for PC2 (figure 3).
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Fig 3. PCA analysis of solvent peaks in A) bacteria, B) fungi and C) actinomycetes identified by
FAME

CONCLUSION

The FAME analysis of bacteria revealed, eighty- one different fatty acids with 8 to 20 carbon
atoms. 15:0 iso, 15:0 anteiso, 16:0, 16:0 iso, 17:0 ,17:0 anteiso were the major fatty acids in
bacteria. After the of biochar augmentation, the major bacteria present in the samples were
Stenotrophomonas maltophila, B. cereus and B. megaterium. Major cellular fatty acids in fungal
isolates were 18:2 CIS 9,12/18:0a and18:00. the major fungi identified were Cladosporium-
carrionii and Phoma spp. 15:0 iso, 15:0 anteiso, 16:0, 16: iso, 17:0 anteiso were the major fatty
acids in actinomycetes. After biochar amendment the major actinomycetes were of the genus
Streptomyces (Streptomyces-rochei-rochei and Streptomyces-halstedii-scabies). PCA analysis
helped to compare the similarities and variations in different taxonomic groups of
microorganisms.
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