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Construction of a composite microbial system for efficient cellulose
degradation and its biodiversity analysis

PAN Hu "**, DONG Jun-de **, LU Xiang-yang'*", TIAN Yun'?", ZHANG Si®, LONG Li-juan’

(1.College of Bioscience and Biotechnology, Hunan Agricultural University, Changsha 410128 China; 2.Hunan
Agricultural Bioengineering Research Institute, Changsha 410128, China; 3.Key Laboratory of Marine Bio-Resources
Utilization, South China Sea Institute of Oceanology,Chinese Academy of Sciences, Guangzhou 510301,China;
4.National Experiment Station of Tropical Marine Biology, Sanya, Hainan 572000, China)

Abstract: A composite microbial system SYF with efficient cellulose-degrading capacity was constructed from
rhizosphere soil of mangrove plant rich in bio-substances by limited generation selections. It was found that 83.6% of
Bruguiera gymnorrhiza leaves, 71.5% of Rhizophora stylosa leaves and 67.3% of filter paper were degraded by the
composite microbial system at 30 “C within 10 days under static culture conditions with the CMCase activity of 102.2,
126.3 and 110.7 U/mL respectively. The microorganism diversity of SYF was analysis by the plate screening method and
clone library establishing method. Eight genera of bacteria and 3 genera of fungi were isolated from the composite
microbial system. Six kind of bacteria with known genera and two with unknown genera were detected by the 16S rDNA
libraries, while 5 species of fungi were detected by the ITS libraries. Only 3 genera of the microorganisms were detected
by both methods.

Key words: cellulose; degradation; composite microbial system; 16S rDNA; internally transcribed spacer(ITS)
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Fig. 1 The degradation ability of different cellulose materials by

composite microbial system SYF
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Fig. 2 The CMCase activity of the composite microbial system SYF
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Table 1 Preliminary classification of culturable bacterium isolate from composite microbial system SYF

/%

SYF-1 Microbacterium sp.QDHT-09(FJ210805.1) 99
SYF-2 SYF-2-2 Brevundimonas sp.201(EU841501.1) 99
SYF4 SYF-14 Rhizobium borbori DN365(EU356639.1) 99
SYF-5 Rhizobium sp.3(HM151908.1) 99
SYF-6 SYF-6-2 SYF-7 SYF-10 SYF-10-2 SYF-13 Pseudomonas putida BJ10(HQ848377.1) 99
SYF-8 SYF-9 SYF-12 SYF-15 SYF-16 Escherichia coli NA114(CP0002797.2) 99
SYF-11 Arcobacter butzleri ED-1(FJ968634.1) 99
SYF-17 Acinetobacter sp.SeaH-As2w(FJ607248.1) 100
SYF-18 Ochrobactrum intermedium DSQ5(HM217123.1) 99
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Table 2 Preliminary classification of culturable fungi isolate from composite microbial system SYF and the CMCase activity analysis

% /(U-mL™)
SYFz-1 Penicillium sp. 12-20(GQ422445.1) 99 1.28
SYFz-2 Penicillium chrysogenum HGQ6(JF834167.1) 100 3.14
SYFz-3 Arthrinium phaeospermum T57(FJ462766.1) 100 1.73
SYFz-4 Aspergillus versicolor UOA/HCPF8640(FJ878625.1) 99 2.64
(Proteobacteria)
(Bacteroidetes) (Firmicutes)
(Spirochaetes) 4
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Fig. 3 The clear zone of the microorganisms

on the cellulose-congo-red mediurn
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Table 3 16S rDNA library analysis of the composite microbial system SYF

/ /% ()
clone 4 11 Bacteroides graminisolvens(AB547643.1) 100 Bacteroidetes
clone25 53 Arcobacter butzleri ED-1(FJ968634.1) 99 Proteobacteria
clone 34 5 Pseudomonas putida CDd-9(GU248219.1) 99 Proteobacteria
clone 51 3 Bacterium enrichment culture clone DPF09(GQ377126.1) 99
clone 58 1 Uncultured clostridiacease IRB8(DQ069192.1) 99 Firmicutes
clone 63 1 Clostridium sp.SK082(AB298754.2) 99 Firmicutes
clone 72 1 Uncultured bacterium clone G—-8(DQ443934.1) 99
clone 89 1 Desulfovibrio vulgaris RCH1(CP002297.1) 99 Proteobacteria
clone 93 1 Spirochaeta zuelzerae(FR749929.1) 100 Spirochaetes




38

143

100

clone DPF09!'?!
clone 51

Rhizobium borbori DN365(GU356639.1)
Mycoplana peli AN343(EU256383.1)
SYF-4(JN048646)

SYF-I8(JND48652)

68 ' Ochrobactrum intermedium ODSQ5(HM217123.1)
SYF-5(IN048652)

Rhizobium sp.3(HM151908.1)

66

29 Agribacterium tmmefaciens(GUT84794.1)
] Brevundimonas sp.201(EU841501.1)
100 |SYF—2(.|N048645] ) o
Uncultured Brevundimonas sp~10{JF703590.1)
31| SYF-6{IN048648)

31— clone 34(IN048655)

80

84

99 |P

I putida BITO(HQ848377.1)
Pseudomonas putida Cdd-%(GU248219.1)

100 | SYF-17(JN048651)
Acinetohacter sp.SeaH-As2w(FJ607348.1)

| SYF-8(JN048649)

100 l Cronobacter sakazakii(JF690880.1)
Shigella flexneri ES81{HQ407235.1)
97 clone 63(JNO48658)

100 |" Clostridiaceac bacterium CLSK082(AB298754.2)
Clostridium xylanolyticum N5(AB601066.1)
100 | clone S8(JNO4865T)

49

61

"Uncultured clostridiaceae IRBS{DQ069192.1)
100 IMi-:'mhu(‘lfw'ii.rm esteraromaticum PA4EU64TS62.1)

79

| Microbacterium sp.QDHT-09(FJ210805.1)
SYF-1(IN048644)

Uncultured bacterium clone R-9725(FJ88067.41)

100 L_{ clone 72(N048659)
99 ' Uncultured Clostridia clone L33(EUS88006.1)
100 |clonc RO(INO4B660)

|z‘){.'.\'u.f,r‘.:n‘fhrin sp.MI (EU937733.1)
Desulfovibrio vulgaris strain 15 (AY362360.1)
Arcobacter sp.R=28214 (AMO084124.1)

clone 25(JN048654)
Arcobacter butzleri ED1 (F1968634.1)
SYF-11(JN048650)

clone 93(INO4R661)

101

=

2

100

93

|Spimc'!mc!f.= zuelzerae(M88725.1)
Spirochaeta zuelzerae DSM 1903T(FR749929.1)
clone 4(JND48653)

| Bacteroides graminisolvens JCM 15093(AB547643.1)
Uncultured bacterium clone SITU F_11 96(EF399118.1)
r Uncultured Anaerofilum sp. clone PNS_4_1(FI842917.1)

B4 EF

100 jclone S1(INO48656)
76" Bacterium enrichment culture clone DPFO&(GQ377126.1)

ERF P AIE A E A SR A E R

Fig. 4 Phylogenetic analysis of the culture-dependent and culture-independent bacterium of the composite microbial system SYF
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Table 4 ITS library analysis of the composite microbial system SYF
/ /% ()

clone z-10 31 Hamigera fusca NRRL 35721(GU092939.1) 92 Trichocomaceae
clone z-26 51 Penicillium sp. 196F (AB468053.1) 98 Trichocomaceae
clone z-38 4 Talaromyces helicus NRRL 2106(AF033396.1) 99 Trichocomaceae
clone z-56 2 Penidiella sp. HEY-1 (HM051159.1) 95 Capnodiales
clone z—67 1 Uncultured fungus clone B4F01(GU073009.1) 86
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Fig .5 Phylogenetic analysis of the culture—dependent and culture-independent fungi of the composite microbial system SYF
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