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Community composition and screening of cellulase-producing
bacteria in a papermaking wastewater oxidation pond
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(School of Biology and Pharmaceutical Engineering, Wuhan Polytechnic University, Wuhan, Hubei 430023, China)

Abstract: [Objective] To study the community composition of cellulase-producing bacteria in
papermaking wastewater oxidation pond, and to screen cellulase-producing bacteria to enrich the
microorganism resources for industrial application and biological treatment of environmental
pollution. [Methods] The community compositions and the phylogeny of cellulolytic bacteria in the
papermaking wastewater oxidation pond were studied on the sequences of the 16S rRNA genes.
Cellulase secreted by these bacteria were characterized under different pH value. [Results] The
cellulolytic bacteria in the papermaking wastewater samples were diversified. They could be
phylogenetically  classified into  Firmicutes, Actinobacteria, Alpha-proteobacteria  and
Gamma-proteobacteria and further divided into 15 species at a higher resolution. The communities in
liquor-mud mixture and sludge outlet of black liquor have the most abundant diversity, and contained
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six to seven species. These rich diversities maybe owing to the marginal effect and mild pH condition
of the environments. Due to the stringent pH condition, the microbial diversity of the lower layer of
pond was relatively poor, and Bacillus was the dominant group. The types of cellulase produced by
the bacteria in oxidation pond not only contained acidic cellulase, but also contained abundant
alkaline cellulases and neutral cellulases. [Conclusion] A number of excellent cellulase-producing
bacteria were screened with potential applications.

Keywords: Papermaking wastewater, Cellulase, 16S rRNA genes, Community composition,
Enzymatic characteristics
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Figure 2 The heatmap showing the cellulase activity of
every strain under different pH conditions

42.8%
15.6%
( pH 8.5)
( 2 2)
23 FARAEZRBEKRHETE
16S rRNA
3 3
Firmicutes
Actinobacteria  Alpha-proteobacteria Gamma-
proteobacteria ( ) Bacillus
(Firmicutes )
42.5% Bacillus
2
SS-1-11
BLS-1-2 B. pumilus  B. subtilus
Gamma-proteobacteria
6
Actinobacteria Alpha-proteobacteria
Micrococcus  Janibacter
BL-1-6 J. luteus
(4 (BL)
(SS) BL
3 ( ) 7 SS
B. pumilus B. subtilis B. cererus
B. koreensis 5 BM BU SL
3-4

20%( 4)

http://journals.im.ac.cn/wswxtbcn



1990

A=Yy~ 8 Microbiol. China

2014, Vol.41, No.10

R2 BENKFAUZBETRR pH FHETHEEE

Table 2 The enzyme activity of cellulase produced by the isolated bacteria under different pH conditions

Enzyme activity (U/mL)

Sources Strains
pH 6.0 pH 7.0 pH 8.0
BL-1-6 555.07 535.49 544.05
Bl igpidl (L) BL-1-7 96.18 99.85 93.73
BL-1-9 136.56 159.81 61.92
BL-4-14 191.63 165.93 203.87
BLS-1-2 158.59 435.14 671.32
BM-1 148.80 82.72 105.97
Black liquor and sludge mixture BM-12 98.63 86.39 74.15
(BM)
BM-3 509.79 176.95 266.28
BM-4 113.31 127.99 169.60
BM-6 112.09 86.39 110.87
BM-8 240.58 134.12 207.54
BM-9 61.92 74.16 87.62
BU-1-1 359.28 153.70 344.59
Lower layer of black sludge (BU) BU-6 269.95 213.67 121.88
BUS-1-2-1 282.18 403.33 405.78
BUS-1-2-2 104.75 118.21 75.38
SL-1-5 76.60 101.08 137.79
stemee e (Bl SL-3 304.21 176.95 82.72
SL-8 280.96 263.83 147.58
SL-9 87.62 176.95 88.84
SS-1-1 337.25 328.68 338.47
prraRehlidzeiBS) SS-1-11 1248.90 263.83 376.41
SS-1-13 402.10 373.96 295.64
SS-1-15 82.72 208.76 146.35
SS-1-19 367.84 296.87 134.12
SS-1-2 165.93 530.59 298.09
SS-1-20 367.84 295.64 359.28
SS-1-3 287.078 634.61 139.01
SS-1-4 485.32 544.05 492.66
SS-2-1 141.46 90.06 203.87
SS-2-3 118.21 176.95 102.30
SS-2-4 356.83 71.71 424.13
$S-2-5 311.55 143.91 90.06
SS-2-7 258.93 350.71 307.88
SS-2-9 156.14 195.30 145.13
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Figure 3 Phylogenetic relationship of the isolated cellulase-producing bacteria based on 16S rRNA gene
Note: Bootstrap values (n=1 000) greater than 50% are indicated at nodes. Kimura-2 distances were derived from a distance matrix to
construct a optimal unrooted tree using the Neighbour-Joining method. Numbers in parentheses are the accession numbers of the
sequences used.
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Figure 4 Community composition and distribution of bacteria in papermaking black liquor samples
Note: A: Ratio of bacteria from every sample to the total isolates; B: Composition of bacteria in every sample and whole isolates.
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