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Effects of carbon sources on cell membrane properties
and microbial community of activated sludge
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Abstract: [Objective] The purpose of this study was to investigate the effects of carbon sources on
cell membrane properties (phospholipid fatty acids composition and fluidity) and microbial
community of activated sludge. [Methods] Atomic force microscopy (AFM), phospholipid fatty
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acids (PLFA) and fluorescence recovery after photobleaching (FRAP), and MiSeq analysis
technology were used to investigate the effects of the different substrates, glucose, sodium acetate,
peptone, glucose:peptone (1:1), sodium acetate:peptone (1:1), on the differences of microbial surface
adhesion force, PLFA composition and fluidity, and microbial community in five Sequencing Batch
Reactors (SBRs). [Results] The involvement of peptone led to an increase of cell membrane
phospholipid fluidity, PLFA composition present a consistency with the content of 18:1w9¢c, 15:0iso
and 17:0iso increased 53.1%—354.7%, 135.6%—407.9% and 88.1%—264.3%, respectively. The
dominant phylum response to carbon sources present inconsistent rules: with glucose and sodium
acetate as solo substrate, the dominant phylum were Actinobacteria and Proteobacteria, and the
dominant genus were Nakamurella and Flavobacterium, diversity index were 3.65 and 4.25,
respectively. At the appearance of peptone, the content of Candidatus Saccharibacteria increased
obviously, and the diversity index was in the range of 4.96—5.09. [Conclusion] Principal component
analysis (PCA) indicated that the involvement of peptone led to similar PLFA composition.
Redundancy analysis (RDA) suggested that carbon sources changed the microbial community, which
further influenced the composition of PLFA.

Keywords: Activated sludge, Carbon source, PLFA, Cell membrane phospholipid fluidity, Microbial
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Figure 2 EEM spectra of the effluent of reactors with different carbon sources
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Table 1 Fluorescence intensity of effluent in reactors

with different carbon sources by EEM 18:1@9¢  15:0is0

A B C 17:0is0
Reactor code Peak A Peak B Peak C 53.1%-354.7% 135.6%—407.9%
A 70.12 86.4 66.8
B 116.7 84.7 72.9 88.1%-264.3%
C 123.6 124.8 147.5 4B PLFA
D 116.9 128.7 109.4
E 115.9 99.1 100.8 PC1 PC2 45.4% 33.4%
A B C D : 3

(1:1) E : (1:1). PLEA

Note: A: Glucose; B: Sodium acetate; C: Peptone; D:

Glucose:peptone (1:1); E: Sodium acetate:peptone (1:1). C17 Cl18

B3 %40 XIEMISRRE AFM 0 E
Figure 3 Cell surface images of activated sludge microbe using AFM at 40™ day
A B C D : (:1) E : (1:1).
Note: A: Glucose; B: Sodium acetate; C: Peptone; D: Glucose:peptone (1:1); E: Sodium acetate:peptone (1:1).
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FT2 40 RERIFEPIENETIRER PLFA (Actionbacteria  62.94%)
(Proteobacteria  56.18%)

Candidatus Saccharibacteria

Table 2 The whole PLFA profiles of activated sludge in
five reactors at the 40™ day (%)

PLEA A B C D E
12:00 0.69 3.00 1.87 2.75 2.06
13:0is0 005 039 007 007 0.6 Beta
13:0anteiso 0.06 0.70 0.04 0.04 ND
13:00 0.11 ND 0.04 0.07 0.03 . (1:1)
14:0iso 3.82 0.73 0.98 1.74 0.80 .
15:1is0 G 023 017 051 022 050 (Unclassified) 27.3%
15:0anteisoA 204 022 005 027 ND (3.6%—10%)
15:0is0 180 126 640 424  5.66 (<5 d  (10-15 d)
15:0flntelS0 30.47 1.98 11.01 17.89 4.49 (>20 d) COD
16:1iso H 0.09 ND 0.24 0.17 0.26
16:0anteiso 0.05 ND 0.14 0.12 0.17 (10d)
15:0iso 30H 0.06 0.18 0.10 0.15 0.08 (28]
15:0 20H 0.07 ND 0.13 0.14 0.12 DGGE SBR
16:0iso 9.11 0.67 9.75 7.52 2.98
16:0 10methyl 056 036 199 140 2.0l 20-30d
16:0 20H 0.20 ND 013 021 0.2 DGGE
16:1w7¢ 2.73 16.31 5.83 3.26 11.55
16:1w5¢ 0.35 0.51 0.54 0.31 0.76
16:00 1930 3324 1952 2136 23.48
17:00 5.16 0.51 0.42 1.43 0.53 7
17:0is0 0.84 0.56 2.04 1.94 1.58
L7ty D Nakamurella (54.33%)  Micropruina
17:0anteiso 1.97 0.22 4.48 2.61 1.05 o
17:1w8¢c 0.75 0.18 0.41 0.70 0.31 (17'59 A))
17:0i5030H 034 041 062 084 057 Nakamurella  Micropruina
17:0 20H 0.12 0.36 0.21 0.40 0.27 (26-30]
17:0, O O ND 076 044 0.18 Nakamurella ~ Micropruina PLFA
18:0is0 0.57 0.17 0.43 0.38 0.29 [30-31] PLFA
18:2w6,9¢ 0.29 0.40 1.34 ND 1.90
18:1w9¢c 0.96 0.64 1.97 291 1.47 Dechloromonas  Flavobacterium
18:107¢ 3.25 9.70 7.28 502  14.61 2746% 40.35%
18:00 9.88 22.64 14.9 15.02 15.98 Xin [32]
18:0 10methyl (.84 0.44 1.47 1.02 1.01
19-Oanteiso 012 ND 036 034 042 Arenimonas (6.35%)  Paracoccus
19:0is0 0.09 0.27 0.21 0.22 0.13 (1.7%)  Paracoccus
e lai 043 0.19 0.1 0.45 0.09 Microbacterium Subdivision3 genera
19:0cym8c 0.26 0.64 0.52 0.85 0.73
16:00 el ND Qi olle o incertae_sedis Sphingomonas
20:416,9,12¢ 0.29 0.57 1.1 0.32 1.12 18.67% 16.61% 12.73%
20:00 0.15 0.30 0.23 0.24 0.21 Microbacterium  Sphingomonas
20:1w9¢ ND ND ND 0.31 ND [33-34]

D
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Figure 5 The LSCM images of activated sludge with different carbon sources
A B C D : (1:1) E : (1:1).
Note: A: Glucose; B: Sodium acetate; C: Peptone; D: Glucose:peptone (1:1); E: Sodium acetate:peptone (1:1).
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Table 3 Fluorescence intensity of selected area changes with LSCM and M; of activated sludge

Reactor code A 5 ¢ D £
Before bleach 774.0 3061.7 2 463.1 1785.6 1876.2
After bleach 372.3 1964.9 1531.1 1082.8 1041.6
1 min 409.6 1982.5 1588.5 1120.8 1117.5
3 min 436.1 2 050.1 1663.3 1190.7 1305.3
5 min 484.6 21214 17274 1334.2 1398.2
7 min 537.8 2287.6 1815.6 1394.4 1471.4
9 min 559.2 2309.1 1913.7 1 486.6 1521.8
11 min 564.9 2367.3 1991.7 1556.3 1587.7
My 47.9% 36.7% 49.4% 67.3% 65.4%

A B C D : (1:1) E : (1:1).

Note: A: Glucose; B: Sodium acetate; C: Peptone; D: Glucose:peptone (1:1); E: Sodium acetate:peptone (1:1).
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Table 4 High-through-put sequencing results of activated
sludge samples
Good’s
Reactor Sequence OTU  coverage Shannon-Wiener
code number (%) index
A 22091 1272 97.22 3.65
B 72620 2616 98.42 4.25
C 58907 2268 98.29 4.96
D 36970 1953 97.64 5.09
E 122 658 3390 98.90 4.99
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Figure 6 Abundances of different phyla and the classes in Proteobacteria of microorganisms at the 40" day
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Note: A: Glucose; B: Sodium acetate; C: Peptone; D: Glucose:peptone (1:1); E: Sodium acetate:peptone (1:1).
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Figure 7 Heat map of genera of activated sludge microorganisms
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Note: A: Glucose; B: Sodium acetate; C: Peptone; D: Glucose:peptone (1:1); E: Sodium acetate:peptone (1:1).
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