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Application of phospholipid fatty acid method in analyzing soil
microbial community composition
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Abstract: Soil microbial community composition was the hot issue of soil science, microbiology and
ecology. This research conducted in China was in the international forefront and more and more
relevant research has been published in high influential international journals. The phospholipid fatty
acid (PLFA) method plays a significant role in the analysis of soil microbial communities, both
domestic and foreign. But it also has some shortages, which should arouse the concern of research
scholars. This paper reviewed the related research focusing on the development history and the
application of PLFA method. This review highlights the caution when using and interpreting PLFA
data, summarizes the PLFA biomarker and provides some suggestions towards the combination with
the new approach in order to facilitate future studies.

Keywords: Phospholipid fatty acid, Soil microbial communities, Biomarker

Foundation item: National Natural Science Foundation of China (No. 31222011, 31270363, 31021001, 31321061);
National Basic Research Program of China (973 Program) (No. 2013CB956303)

*Corresponding author: Tel/Fax: 86-10-62755923; E-mail: wangw(@urban.pku.edu.cn

Received: January 07, 2016; Accepted: April 20, 2016; Published online (www.cnki.net): May 11, 2016

E&mAE: (No. 31222011 31270363 31021001 31321061)
973 ) (No. 2013CB956303)
*@BIfYEE: Tel/Fax 86-10-62755923 E-mail wangw@urban.pku.edu.cn
i BHEA: 2016-01-07 3EZHHA: 2016-04-20 HLsE#=H AR B #(www.cnki.net): 2016-05-11



2087

(1] PLFA
PLFA
31 Bardgett  (2014) 1 PLFA Z@EA
1.1 PLFAXARH®
PLFA
[4]
PLFA PLFA
o (1516 pp FA
[5-8]
Chen 20 60 70
(2014) PLFA
Bl Xu (2015)
White  (1979)
" yuan (2015) PLFA [7 PLFA
[7]
90
B-1 ISI Soil  PLFA
1990-1994 3
Zhang  (2015) Federle  (1990) PLFA
/ / U8 Frostegird  (2011)
21 Dy (2014) PLFA [19] PLFA
B Zeng  (2015) 1
Soil  PLFA
[14] 1 2005
2005
(PLFA) PLFA
PLFA

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



2088 WA 248 Microbiol. China

2016, Vol.43, No.9

200 1

—_—
[N e ]
[=J R

Published items

D
(=]

SN ® o

S O O (=)
2002 j—
2003 ———
2004 j—
2005 j———
2006 ——————
2007 i————

1 BEXELRRER
Figure 1 Published items in each years
ISI Web-of-Science “PLFA and Soil”

(2016-01-01) 1630

Note: Publications found when searching ISI Web-of-Science for
“PLFA and Soil” 2016-01-01; totally there were 1 630 hits.

(2004)!""  PLFA
2004

Soil  PLFA 4
1/60  2005-2015 295
1/4

Scopus

2005
2005

2010
2011  Frostegérd
Soil Biology & Biochemistry Richard

Burns PLFA

PLFA
(19] PLFA

150
1.2 PLFAZHILBEELRR
PLFA
(@
2

3)
“4)
®)

¢ b @

PLFA

%=1 PLFAEHIMBSTRE

Table 1 Strengths and weaknesses of phospholipid fatty acids analysis method
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PLFA method

Comparative items

DNA
DNA sequencing method

Environmental response speed of soil
microbial communities
Cost

Types of information
Analysis level
Analysis object

Biomarkers database

Biomarkers
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Table 2 Phospholipid fatty acids used as biomarkers

Monounsaturated fatty acids

14:1w5¢c; 15:1; 15:1mw4c; 16:1w5¢; 16:1w6¢c; 16:1; 16:109¢c; 16:1m9t;
16:1wllc; 17:1; 17:109¢c; 18:1w5¢c; 19:1w9¢; 19:1w12¢c; 20:1m9c;
20:1m9t; 21:1; 22:1w9c¢; 22: 109t

Gram-negative bacteria

PLFA Biomarkers References
Straight-chain saturated fatty acids
10:0; 11:0; 12:0; 13:0; 14:0; 15:0; 17:0; 18:0; 19:0 General bacterial [27]
16:0 General bacterial [5,28-29]
Fungi
20:0 General bacterial [27]
Protozoa [30]
22:0; 24:0 Plants [29,31]
Cyclopropyl saturated fatty acids
cy 17:0; cy19:0 Gram-negative bacteria [32]
(generally recognizing )
Gram-positive bacteria [33]
Anaerobic bacteria [34]
cyl5:1 Clostridia [28]
cy19:0 Aerobic bacteria [35]
cy19:0 o8¢ Gram-negative bacteria [35]
cyl9:0 o11,12¢ General bacterial [36]
Terminally branched fatty acids
al3:0; i13:0; 114:0; al4:0; i15:0; al5:0; al6:0; i16:0; al7:0; 117:0; Gram-positive bacteria [28,37]
al8:0;118:0;119:0
115:0; al15:0; 116:0; al7:0; i17:0 Anaerobic bacteria [38]
Methyl-branched fatty acids
10Me 17:0; 10Mel8:0; 10Me 19:0; 10Me 20:0; TBSA1OMe Actinomycetes [38-40]
18:0;11Me16:0; 12Me 18:0
br16:0; br17:0 Actinomycetes [38]
Gram-positive bacteria [23]
br18:0r; br19:0 Gram-positive bacteria [23]
10Me 16:0 Actinomycetes, [37]
Gram-negative bacteria [8,29,41]
Sulphate-reducing bacteria [28]
10Me 16:0; 10Me 18:0 Anaerobic bacteria [38]
14Me 15:0; 15Me 16:0; 9,10Me 16:0 Bacteria [42]

[27,38,40,43-44]

14:1 Aerobic bacteria [38]
Gram-negative bacteria [38]
15:1w6¢ Gram-negative bacteria [27]
Aerobic bacteria [38]
16:1®5 Arbuscular mycorrhizal fungi [45-46]
16:107 Bacteria widespread [31]
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16:107c; 16: 107t

16:1n7¢
16:1w5t; 16:106; 16:108; 16:108¢c

17:105; 17:106; 17:108
17:1w8¢

18:1w7c; 18: 107t
18:107

18:1o7¢
18:106; 18: 18

18:109

18:109¢

18:109t

18:1ollc

20:109
Hydrox-substituted fatty acids
20H 12:0; 30H 12:0; 20H 14:0; 30H 14:0; 20H 16:0; 20H 18:0
OH in C10-C18
iOH 13:0;117:0 30H; 16:1 20H
Branched monounsaturated fatty acids

i17:1w5¢;117:107

Polyunsaturated fatty acids
18:2w6¢; 18:3w6¢;18:2w9¢; 18:216,9
18:206; 18:219,12; 18:3w03; 18:3w6; 18:9w1
18:3m6¢
18:3w6,19,12
20:2w6; 20:3w6; 20:4; 20:406; 20:416,9,12,15; 22:6m4c
20:5; 22:6
Others fatty acids
16:0 N alcohol

i17:101G; 19:1®8 alcohol; cy19:0 c11-12; cy19:0 c11-12 20H

Gram-negative bacteria
Aerobic bacteria
Type | methanotrophs

Type | methanotrophs
Methylococcaceae
Sulphate-reducing bacteria

Gram-negative bacteria
Gram-negative bacteria
Arbuscular mycorrhizal fungi
Aerobic bacteria

Type I methanotrophs

Type Il methanotrophs
Methylococcaceae
Gram-positive bacteria

Arbuscular mycorrhizal fungi
Fungi

Aerobic bacteria
Gram-negative bacteria

Type Il methanotrophs
Gram-negative bacteria
Aerobic bacteria
Gram-positive bacteria
Gram-negative bacteria

Arbuscular mycorrhizal fungi
Gram-negative bacteria

Gram-negative bacteria

Gram-negative bacteria

Sulphate-reducing

bacteria/Desulfobacter/Desulfovibrio

Saprotrophic fungi

Fungi

Gram-negative bacteria
Plants/zygomycetes (Higher fungi)
Protozoa

Barophilic, psychrophilic bacteria

Non-specific bacteria
Gram-negative bacteria

Gram-negative bacteria

[23]
[28]
[24]
[47-49]

[28,50]

[51]
[29,40,52]
[53]
[28,38,43]
[24,54]
[31,47-49,55]

[58-60]
[31]
[59-60]

[28,37]

Willaers ~ (2015)°.
Note: Modified from Willaers et al., 20157,
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Table 3 Ratios of phospholipid fatty acids used as biomarkers

Ratios of PLFA Indicators References
Fungal to bacterial (F/B) PLFAs / [5,43,62,71-72]
Gram-positive to Gram-negative (GP/GN) bacterial [5,62]
PLFAs
Trans- to cis monoenoic fatty acids (trans/cis) [20]
Saturated fatty acids to monounsaturated fatty acids [35,62,73]
(S/'M)
Cyclopropyl fatty acids to their monoenoic [62,74-75]
precursors (cy/pre)
The amount of poly-p-hydroxybutyrate relative to [20]

total-PLFA biomass (ph/t)

PLFA
(19] PLFA PLFA
PLFA
211 Bc PLFA 32 AEBEW#
PLFA
[76]
PLFA DNA
3 PLFA B (D DNA
3.1 MiEBIPkEk
16S rRNA PLFA
(7] DNA
Nature (80]
2016 20
DNA
U7 pPLFA
PLFA
DNA (1) PLFA
PLFA/DNA

(78]

DNA
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