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® PFLA soil test as indication of soil microbiome
Executive Summary

e Phospholipid fatty acids (PLFA) are present within the cell membranes of microorganisms,
therefore the measure of PLFA in soil samples is thought to provide a non-culturable way of
estimating soil microbial communities and quantifying microbial biomass.

® PLFAs degrade rapidly following cell death, therefore PLFA is thought to be indicative of only
the living microbiota within soils and therefore provides a “snap shot in time” of soil
microbial composition.

e Although the technique describes promising results there are certain limitations with regards
to its use, such as the selection of certain PLFAs for the identification of certain microbial
groups where certain groups may share the same PLFA.

What a search of the literature found

Phospholipid fatty acid (PLFA) analysis is a non-culture technique used to estimate soil microbial
communities and to quantify microbial biomass (Zhang et al., 2019). The idea behind PLFA analysis is
based on all living cells containing fatty acids as components of phospholipids within their cellular
membranes, therefore certain PLFAs can act as a biomarkers for certain groups of microbiota, where
fatty acids are thought to differ between taxa (Zelles, 1999, Lewe et al.,, 2021). Moreover,
phospholipids are not found in dead cells or in storage products and break down rapidly within soils,
therefore PLFA analysis is thought to be indicative of the living microbiota within soil samples and
can therefore provide indication of a soil sample as a “snap shot in time” (Zelles, 1999, Li et al., 2020,
Zhang et al., 2019, Kao-Kniffin and Zhu, 2013).

Extraction and Analysis Process

The extraction process and analysis of soil samples can be found outlined in Figure 1 as summarised
by Gorka et al. (2023). Briefly, there are four steps, the first being the extraction of lipids from soil
samples using a two-phase extraction process. The second step involves the fractionation of lipids to
yield neutral lipids (NL), glycolipids (GL) and phospholipids (PL). The third step involves the
derivatisation of the lipids into fatty acid methyl esters (FAME) such as neutral lipid fatty acids,
glycolipid fatty acids and phospholipid fatty acids. The final stage involves the analysis of the samples
via gas chromatography mass spectroscopy or isotope ratio mass spectroscopy.
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Figure 1: Graphical description of PLFA extraction and analysis from soil samples as described by
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What microorganisms are able to be detected?

From the results of a soil PLFA test, the quantification of PLFA within a sample can give estimation of
the total microbial community composition and microbial biomass (S6derberg et al., 2004). This can
be further broken down, where certain lipids are assigned to different genera of microorganisms
based on findings within the literature, as such the lipids act as biomarkers for identification
purposes. For example, certain bacteria and fungi have been demonstrated to have different fatty
acid compositions in their phospholipids, therefore it is possible to distinguish between certain
fungal and bacterial fatty acids and enable a ratio to be estimated (Baath and Anderson, 2003).
However, this ratio is not reflective of absolute biomass due to lack of conversion factors from PLFA
to biomass, as such the ratio is commonly referred to as a biomass index (Baath and Anderson,
2003).

From a search of companies offering PLFA analysis, it was evident that the use of the technique could
help to quantify the microbial biomass of certain groups and aid the classification of microbiota
within soil samples. Results of which could be portrayed as, total microbial community, gram positive
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bacteria, gram negative bacteria, actinomycetes, mycorrhizal fungi and saprophytic fungi. Figure 2

displays a screen shot of a typical report from PLFA analysis from Ward lab (2024) as an example of
the results you may expect from such analysis.
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Limitations

There are limitations associated with PLFA analysis. A paper by Frostegard et al. (2011) discusses the
use and misuse of PLFA analysis, which is here on summarised in this section, as such the reference
above accounts for all information in this section. The analysis of PLFA data and comparing different
PLFAs can be used to answer the question “have there been changes in the community due to a
specific treatment?” (Frostegard et al., 2011). However, identifying and estimating the microbial
biomass of different groups through PLFA analysis can be challenging. It was suggested in the paper
that the association of PLFA biomarkers to certain groups of microbiota is often derived from pure
culture studies and there are reported to be inconsistencies between studies within the literature.
For example, it is often the case that different groups of microorganisms can share the same PLFAs,
for example, the PLFAs cy17:00 and cy19:00 that are usually used to identify gram negative bacteria
can also be seen present within certain gram-positive bacteria. Moreover, the PLFA 16:1 w5
identified in arbuscular mycorrhizal fungi has also been identified in certain bacteria. Furthermore, it
was suggested that certain PLFA used to identify microbiota groups can also be found present in
plants and therefore issues may incur should samples contain plant material e.g. roots. Furthermore,
certain ratios of PLFA have been used to indicate stress orstarvation, under the hypothesis that
certain bacteria alter the PLFAs in their membranes in response to stress from environmental
conditions. Examples of this include trans/ cis or cyclo/ mono-unsaturated precursors. Although this
may be true, there is suggestion that these changes may also be a result of shifts in community
structure and there is no such way of distinguishing between the two circumstances as of yet as such
presenting a limitation in this area.

Conclusion

In conclusion, PLFA analysis is an alternative non-culture method for measuring community structure
and quantifying microbial biomass in soil samples. The method involves the identification of groups
of microbes and quantification of them as a result of certain PLFA which are found within the
membranes of microbiota. PLFA rapidly degrade in soil samples and following soil death, therefore
PLFA analysis is thought to be provide a “snap shot” of living microbiota in soil samples. Although the
technique sounds promising there are certain limitations that should be recognized the first being
that certain PLFAs used as biomarkers may be present across different groups/ taxa of microbiota
thereby presenting a limitation when trying to identify just one group. Likewise, the results of the
analysis can not determine absolute microbial abundance but instead provide an estimation and
indication of community structure.
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