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Abstract

A biochemical method that does not rely on culturing of microorganisms is phospholipid fatty acid
(PLFA) analysis. The PLFA patterns give an indication of the composition of the microbial community and
can be obtained relatively quickly and easily. The effects of fluoride (F-) pollution on soil microbial commu-
nities have always been a captivating area that has received little attention in the unique tropical Kuttanad
agro-ecosystem. No study has utilized PLFA profiles as a means to detect changes in the soil microbial
community structure caused by F. In the present study, the microbial community in F- contaminated soils of
Kuttanad was assessed using PLFA. PLFA analysis showed that different F- levels in the soil have an impact
on the community structure of specific microbial groups. General bacteria and actinomycete PLFA al5 16:0
18:0 showed the highest abundance in low F- soil whereas most gram-negative bacteria, cyanobacteria and
fungal PLFA al2 16:1w4c increased in medium F- soil and most PLFA decreased or disappeared in high
F- soil suggesting that the status of F- can change the structure of microbial communities in Kuttanad soils.
Keywords: PLFA, microbial community, fluoride contamination, agro-ecosystem, principal component
analysis, Kuttanad

Pe3rome

AnanmussT Ha Gochomunuannte MacTHU Kucenuuu (PLFA) e OnoxumuyueH MeTos1, KOITO He pa3yuTa
Ha KyJTHBHpaHe Ha Mukpoopranuzmure. CroitHocTuTe Ha PLFA naBat mHaukaius 3a chCcTaBa Ha MUKPOO-
HUTE ChOOIIECTBA U Morar Aa ObJar MOJyYeHH CPaBHUTEIHO Obp30 U JecHO. EQekThT 0T 3aMbpcsBaHeTo
Ha nousuTe ¢ payopunu (F) BbpXy mouBeHHUTE MUKPOOHH CHOOIIECTBA BUHATH € OWUJI MHTEpPECHa 00JacT,
KOATO € I0JTy4aBajia MaJIko BHUMAaHUE B YHUKaJIHaTa Tponuyecka arpo-ekocucrema Kuttanad. JIuncsar cb-
o0meHus 3a u3nons3Banero Ha PLFA npodunuTe kato cpeacTBO 3a OTKPUBAaHE HA IPOMEHHU B CTPYKTypaTa
Ha MMOYBEHOTO MUKPOOHO choO0IIecTBO, mpuunHeHu ot F-. B HacTosmoro npoyusane ¢ momornra Ha PLFA e
M3BBPIIEHA OIIEHKa Ha MUKPOOHOTO ChOOIIeCTBO B 3aMmbpcenu ¢ F- mousu Ha Kuttanad. Ananusst Ha PLFA
MOKa3Ba, 4e pa3IMYHUTE HMBAa Ha F~ B mouBaTa oka3BaT BIMSHUE BbPXY CTPYKTypaTa Ha creuu(uIHHUTE
MukpoOHu rpymnu. Pesynrarure or PLFA al5 16:0 18:0 moka3Bar Hail-roisiMo KOJIMYECTBO Ha OaKTepuu U
aKTMHOMMLIETH B II0YBA C HUCKO ChABPKaHKUE Ha F-, 1okaro konuyecTBoTO Ha I pamM-oTpuLaTeiHuTe 6aKTe-
puH, IIMaHOOAKTEPUUTE U I'bOUTE Ce YBeIMUYaBa B IOYBH ChC CPEHO ChAbpkaHue Ha F-. B mouBH ¢ BHcOKO
chAbpKaHue Ha F~ce oTunTa HamansBaHe WIM JOPU M3YE3BAHE HA TE€3M MHUKpoopraHusmu. Pesynrarure
IIPEIoIarar, 4ye ChAbpKaHueTo Ha F~ Moxke 1a NpoMeHu cTpyKTypara Ha MUKpPOOHUTE ChOOIECTBA B II0Y-
Bute Kuttanad.

Introduction regular habitat. A few techniques have been utilized

Soil microbial communities are in charge of  to gauge the amount of microbial biomass in soil,
80-90% of biotic soil processes, biogeochemical yet few differentiate between various groups of mi-
cycling and mediating soil organic matter decom-  croorganisms. Microscopic techniques can be uti-
position, and assume exceptionally essential roles  lized for this, however, they are tedious. They have
in the survival of plants. Soil microbial ecology  additionally been scrutinized both for challenges
has consistently been hindered by the difficulty in  in recognizing living and dead organisms and for
observing the activities of microorganisms in their =~ underestimating biomass, since life forms covered
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up inside or behind soil particles are not counted
(Schallenberg et al., 1989). In addition, conven-
tional cultivation techniques may find limitations
in characterizing most of the soil microorganisms.

Be that as it may, for a long time soil micro-
bial biomass stayed notably a black box until the
appearance of molecular methods started to uncov-
er the extensive diversity of the microbial commu-
nity. Therefore, a culture-independent approach
is utilized to determine soil microbial community
composition by phospholipid fatty acids analysis of
microbial membranes, which offer the most amaz-
ing way to determine microbial biomass, shift in
microbial community structure and activities (Zhao
et al., 2016; Kuppusamy et al., 2018).

Meanwhile, less complex strategies depend-
ent on specific biomarkers were developed which
can defeat the issue of selective culturing while
giving a fair perspective of the structure of com-
plex microbial communities (Zelles, 1999; Insam,
2001). Among these was the utilization of phos-
pholipid fatty acid (PLFA), first applied to soil by
Frostegard (1991). Polar lipids, which are princi-
pally phospholipids in microbes, are present in all
unscathed cells. More than 200 distinctive fatty ac-
ids have been characterized from different prokar-
yotic and eukaryotic organisms. They fluctuate es-
sentially among various organisms, making them
integral assets in taxonomic studies.

Phospholipid fatty acid (PLFA) analysis has
been proved to be highly successful as an indica-
tor in environmental studies for determining mi-
crobial community structures (Kaur et al., 2005).
Changes in PLFA profile are indicative of changes
in the overall structure of microbial communities
(Frostegard et al., 1996) and “signature” PLFA can
provide information on specific groups of microor-
ganisms present in a community. Soil contamina-
tion can result in shifts in PLFA profiles for micro-
bial communities (Pennanen et al., 1996; Griffith et
al., 1997). PLFA profile analysis has therefore been
made use of in monitoring the changes in microbial
communities due to soil contamination caused by
copper-based fungicides (Zelles et al., 1994), heavy
metals (Kelly et al., 2003), 2.4.6 trinitrotoluene
(TNT) (Wilke et al., 2004), and crude oil contami-
nated soil (Erdogan et al., 2013).

PLFAs have a few highlights that strength-
en their utilization as a marker of environmental
stress, which enables them to react both in intra-
cellular and extracellular environmental conditions,
and henceforth can be utilized as an indicator in en-
vironmental monitoring and assessment. Taking the
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above facts into consideration, the aim of the study
was to assess the microbial community in F- con-
taminated soils of Kuttanad, using PLFA. Besides,
this method provides results which can be visual-
ized by multivariate statistical methods.

Materials and Methods

Study area

The study area selected was the agricultural
lands of Kuttanad, the “rice-bowl” of Kerala, In-
dia. This unique wetland lies at the very heart of
Alappuzha district, and is a part of Vembanad-Kole
wetland, the Ramasar site in Kerala. The rice fields
in this region are known as “Puncha vayals”.They
are comprised of 55 000 ha below mean sea level
where sowing takes place in November and where
harvesting takes place between March — April. Ku-
ttanad has a warm and humid climate with slight
seasonal fluctuation in temperature (21-38°C) and
average rainfall of 300 cm, 83% of which is re-
ceived during two monsoon periods from June to
October.

Sampling scheme

Soil samples were collected from 15 locations
Viz Veeyapuram, Thakazhi, Ramankari, Edathwa,
Thalavady, Muttar, Nedumudy, Monkompu, Veli-
yanad, Pulinkunnu, Kainakary , Kavalam, Pan-
dy, Kunnumma and Ponga of Kuttanad rice fields
during the fallow period (January) of 2016 from a
depth of 20 cm below the surface layer. Soil-sub-
samples for phospholipid fatty acid (PLFA) analy-
sis were frozen within 24 hrs of sampling. All the
soil samples taken were analyzed for F- concen-
tration. Whereas, samples for PLFA analysis, soils
from three locations which had a low (from Tha-
lavady soil), medium (from Monkompu) and high
F- concentration (from Muttar soil) (Roshni and
Harikumar, 2021) were chosen retaining the same
number of replications.

Phospholipid Fatty Acid (PLFA) analyses

Lipid extraction and PLFA analysis were
performed using a modification of Bligh and Dyer
(1959) method as described by Bossio et al. (1998).
Briefly, 2 g of lyophilized soil samples were used
to extract the PLFAs with a single phase mixture
of chloroform/methanol/citrate buffer (15.2 ml at a
1:2:0.8 volume ratio). The extracted fatty acids in
the chloroform were fractioned into neutral lipids,
glycolipids and polar lipids using a silica-bonded
phase column (SPE-Si, Supelco, UK) with chloro-
form, acetone and methanol, respectively. The re-
covered polar lipids were transesterified to the fat-



ty acid methyl esters (FAMES) by a mild alkaline
methanolysis. Fatty acids and methyl esters were
quantified by gas chromatograph (6890N, Agilent
Technologies, Santa Clara, CA) and identified with
MIDI SHERLOCKS microbial identification sys-
tem (Version 4.5, MIDI, Inc., Newark, DE). Non-
adecanoic acid methyl ester (19.0) was added as
the internal standard before methylation and fatty
acid methyl esters were identified automatically by
the MIDI peak identification software (Wu et al.,
2009).

Fatty acids were designated as A:BowC, where
‘A’ is the number of carbon atoms in the chain, ‘B’ is
the number of double bonds, and ‘C’ is the number
of carbon atoms from the methyl end of the mole-
cule to the first unsaturated bond (Frostegard et al.,
1993; Zelles, 1999). The prefixes i, a, and cy re-
fer to iso-, anteiso- and cyclopropyl ring structure,
respectively. The suffixes ¢ and ¢ refer to cis- and
trans- configurations, respectively. 10Me indicates
a methyl group on the tenth carbon atom from the
carboxyl end of the molecule (Arao, 1999; Béath
and Anderson, 2003). Fatty acid nomenclature was
used as described by Frostegard et al. (1993). The
PLFAs 114:0, 115:0, al15:0, 116:0, a16:0, 117:0, and
al7:0 were considered to represent gram-positive
bacteria; 16:109c, cyl7:0, 18:1wb6c, 18:1w7c,
and cyl19:0 to represent gram-negative bacteria
(Frostegard and Béaath, 1996); 18:1w9¢c, 18:3w6¢
and 16:1w5c¢ for fungi; 10Mel6:0, 10Mel7:0 and
10Mel8:0 for indicating actinomycetes (Zelles,
1997). Total microbial biomass was estimated us-
ing the total concentration of PLFAs (nmol g'!). The
abundance of individual PLFAs was indicated by
their relative abundance (% mol) in each sample.

Results

Phospholipid fatty acids (PLFAs) in F
contaminated soil.

The soil under different F- concentrations
contained various PLFAs composed of straight,
branched, monounsaturated fatty acids, polysaturat-
ed fatty acids, dimethyl acetal and methyl branched
fatty acids, and branched chain fatty acids (Fig. 1).

Eleven PLFAs with chain lengths ranging
from C12 to C24 were identified. The PLFA patterns
varied in response to different F- levels as revealed
by their relative abundance. For example, the pro-
portion, expressed as mol% of the branched al2:0
was more in soils of medium F-, whereas the pro-
portion of 12:0 was higher in low F soil compared
to medium and high F- soil. The mol% of'al5:0 and
16:0 were more in low F~ soil compared to medium
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Fig. 1. Mol% of different PLFA under different
F-levels

and high F- soil. PLFA 16:1w4c¢ increased in medi-
um F~ soil and fatty acid 18:0 showed an increase in
low F- soil. PLFA 21:0 and 24:0 increased in high
F- soil while a24:0 showed an increase only in me-
dium F- soil. The soil with low F- concentration had
high percentage of gram-negative bacteria followed
by medium F- concentration. The PLFA 18:1®9c,
which is a signature fatty acid of cyanobacteria,
green algae and fungi, was relatively higher under
medium level of soil F- concentration. Other PLFA
proportions showed an increase in both medium
and high level of soil F- concentration.

Principal component analysis

The coordinates plot in Fig. 2 illustrates the
difference in the PLFA composition under three lev-
els of F- concentration, where PC1 and PC2 account
for 75.4% and 24.3% of the variation, respective-
ly. The medium F- level data formed a cluster and
had positive scores for PC2, whereas data points for
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Fig. 2. PCA showing variations in PLFA pattern

under different F- levels



low and high F- clusters were away from the other
level and had negative scores for PC1 and PC2. It
was fitting to separate the three F-levels into three
kinds of cluster analysis.

Principal component analysis also identified
fatty acids that were important in explaining the
variability in PLFA profiles (Fig. 3).
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Fig. 3. PCA showing loading values for individual
PLFAs

Certain specific PLFAs that were identi-
fied, including al2:0, 14:107CDMA, 16:104c,
18:109c, 21:0 and a24:0, were found in the right-
hand side in the plot. It was evident from the plot
that medium level of F- in the soil did not affect cer-
tain gram-negative bacteria as indicator fatty acids
al2:0, 14:107CDMA, 16:1w4c are characteristic of
gram-negative bacteria (Zelles, 1999; Buckeridge
et al., 2013). Similarly, the indicator fatty acids
18:1m9c¢ for cyanobacteria, green algae and fungi
(Biihring et al., 2014) were not affected by medium
level of F- concentration in the soil. However, the
fatty acids for certain gram-negative bacteria (12:0,
18:0), general bacteria (15:0, 16:0) were negatively
affected by F- concentration even at a lower lev-
el. The proportion of fatty acids was the highest
109.43% under low F- soil, whereas the lowest was
91.94% in high F- soil (Fig. 4).
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The total PLFA in the soil was found to be
adversely affected by increasing F- concentration as
was evident from the exponential fit (Fig. 5)
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Fig. 5. Relationship between total PLFA and F- in
soil

Discussion

PLFA dynamics in F- contaminated soils
Phospholipids are essential membrane com-
ponents of living cells and are not found in storage
products or dead cells. Under the conditions expect-
ed in naturally occurring communities, phospho-
lipids make up a relatively constant proportion of
the biomass of the organisms (Lechevalier, 1989).
PLFA is a commonly used analytical procedure for
the evaluation of soil biological characteristics. In
environmental studies, PLFA analyses have most-
ly been used to describe microbial communities in
seawater and lake water (Tulind and White, 1992).
Only a few studies have used this approach to detect
changes in the community structure due to differ-
ent environmental disturbances, especially in soil.
Smith et al. (1986) found a shift towards a more
gram-negative bacterial community in subsurface
sediment contaminated with creosote wastes. An
increase in gram-negative bacteria as well as ac-
tinomycetes, due to liming, ash fertilization and
alkaline deposition was indicated by altered PLFA
patterns of different coniferous forest soils (Baath
et al., 1992; Frostegard et al., 1993). No study has
utilized PLFA profiles as a means to detect changes
in the soil microbial community structure caused by
F-. In the present study, the microbial community in
F- contaminated soils of Kuttanad was assessed us-
ing PLFA. The study revealed that different F- lev-
els in the soil have an impact on the community
structure of specific microbial groups. General bac-



teria and actinomycete PLFA al5 16:0 18:0 showed
the highest abundance in low F~ soils, whereas most
gram-negative bacteria, cyanobacteria and fungal
PLFA al2 16:1w4c increased in medium F- soil and
most PLFA decreased or vanished in high F- soil. A
predominance of gram-negative over gram-positive
bacteria is often found in metal contaminated soils
(Doelman 1985; Duxbury, 1985). In this study,
some evidence of similar shift was indicated by a
decrease in PLFA, suggesting that the status of F-
can change the structure of microbial communities
in Kuttanad soils.

Conclusion

This method can be used to detect changes
in soil microbial community structure and can be
used for a wide range of soil types. Though some of
the changes found in PLFA patterns were restricted
mainly to one of a few signature fatty acids, these
were interpreted as changes in the proportions of
some major groups of organisms in soil samples.
PLFA analysis can thus be considered a fast and
reliable method for the limited detection of over-
all changes in the microbial community structure
strengthening their use as a bioindicator of environ-
mental stress.
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