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*1. FRIRIRETRE

Table 1. Culture media with different carbon sources

Media 1 2 3 4 5

Component 1 CMC-Na 10 g/ Lignin alkali 1.0 g/L Azure-B 25 mg/L

Component 2 BM*

Component 3 Cycloheximide 25 mg/L

Phenol red 10 g/l Guaiacol 9 mmol/L

*Basic medium: (NH,),SO, 2 g/L, K,HPO, 1 g/L, KH,PO, 1 g/L, MgSO, 0.2 g/L, MnSO, 0.02 g/L, Yeast extract 1 g/L (Peptone 10 g/L).
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2.2 20U T HTAACIE S BT TSN [RIAE ft A iy 2 P
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Table 2. Primers in realtime RT-PCR

ORF Forward primer sequence (5'—3') Reverse primer sequence (5'—3") Product length/bp
16S rRNA gene GGAGGAAGGCGATAAGGTT ACATCCGACTTGACAGACC 160
TE10_02730 TCGGCTCCGTTGATAACTTC GATAGCTTCACCCATCAGCG 149
TE10 13335 TGAATACGCGGATGTACTTTG CCTGCAGATGAATATCGAACC 156
TE10 13810 AGCCGTGCAGAAATTATTACG CTCGTGGAGATAGTTCACCG 166
TE10 13815 GTGCCTCTATCCTAACGTCT GAAATCCTCGTACTGGCGAA 163
TE10 14035 CGACCCGGAATTCGATAAGA ATCAGGTCTTCTTTCGGGAC 153
TE10 15215 GACCTGTCACATCAACTACG AGTTCCACTTGATCCGTCC 137
TE10_23180 GACGGTGATCGTTAGCCAG ATCTCAAAGGATTTCCCGGC 144

2 H#RAuRAT

21 AREHFERREFEWEMER

TEAR LT 2 R A B 1 B T pe s2 g, AR
I T TR TE 5 A SRR BT 22 5 7 i 1 i e/ %
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AREES0 (N) A7 IR T 5 Fr 34 F1 5 L IF WL
A, #E— 2Bk B AR k40 (M)BR . [R]IpRE
Fi R AP Z2CMC-Na Al |, Z8CRYLA)E LR

actamicro@im.ac.cn

R/, B (KRR, 20l 44 45 TR ik
NZI18, ZJ15, 218, ZJ5, ZJ44, S12, ZJ17, ZJ19, ZJ32,
77,7021, FERREEFRIE I R SE bR 5 g A
K A5 AR/ ERE B, Z9R0R3,
L EARSI2FE AR ZT183 S 7ECMC-Na -4z Fil
Azure-B A b LG UL, AR SL IR 45 R n]
DIFIET, PRBRS127ERG FRH2 03 b 0 AR 3 i R
FHAMPRE, PHS 12017 45 AL ¥ F434T
2.2 HEkES12 WERKE

B LIRRTE A9 16S rRNASE K 551 520144E9 H



BSCHERE | AEIAER, 2016, 56(5)

769

®3. BEANNVEREBEREREMS XL

Table 3. Sizes of colonies/decoloration circle diameters and bacterial classifications

Size of bacterialcolonies on different mediums

Decoloration circle diameter on

Bacterial classifications according

Strains medium 1 with CR/cm 5 3 4 5 to 16S rRNA gene
ZJ15 4.5+0.2 ++ + + +++ Bacillus

VAR 3.84+0.2 ++ ++ + - Lysobacter

VAR 3.2+0.2 +++ + ++ +++ Streptomyces

ZJ 17 3.1+0.2 ++ ++ + + Xanthomonas

S12 1.8+0.2 +++ +++ ++ ++ Raoultella

ZJ 18 1.7+0.2 +++ +++ ++ ++ Raoultella

7] 32 1.7+0.2 ++ ++ + + Ensifer

yANS 1.6+0.2 ++ ++- + + Mitsuaria

7] 19 1.2+0.2 ++ +++ +++ +++ Acinetobacter
7J44 1.1+0.2 ++ ++ + ++ Stenotrophomonas
7] 21 1.0+0.2 + ++ + + Pseudomonas

+: positive ; —: negative.

S1 718

————

1. EHRS12MERZI180 & 15751
Figure 1. Decoloration of strains S12 and ZJ18.
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(A) 33 Klebsiella sp. DSI (KM873628)

Klebsiella sp. KW10 (HQ231951)

Uncultured Raoultella sp. CD28 (KF760550)

Raoultella ornithinolytica S1776 (KJ599629)

35 S12
P
0.02
(B) ﬂ| Raoultella ornithinolytica B6 (NC021066)
S12 (CP010557)
100 [ Klebsiella oxytoca KCTC 1686 (NC016612)
L Klebsiella oxytoca E7186 (NC018106)
| Klebsiella variicola At22 (NC013850)
100 S Klebsiella pneumoniae 1084 (NC018522)
0.05

2. {k#E16S rRNAZE FFFI(A)F1 2 £ FLH %00 £ F (B2 R EHRS 128) R L
Figure 2. Phylogenetic tree of strain S12 based on 16S rRNA gene sequences (A) and core gene sequences (B). The
GenBank accession numbers are given in parentheses. The phylogenetic tree was constructed by MrBayes using
random concatenation of aligned core genes as the dataset and GTR+GI as the substitution model. The chain length
was set to 10000000 (1 sample/1000 generations) whilst the burn-in was set as 2000. Posterior probabilities are
denoted at nodes. Numbers at branching points are bootstrap values. Bar 0.02 (0.05) at the bottom is the sequence

divergence.
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3. EEkS124 Kk
Figure 3. Growth curve of strain S12. A: Carbon source: CMC-Na; B: Carbon source: lignin alkali.
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[ 4. EIRS12B97K B 4T 4 R ARBEIE 14

Figure 4. Lignocellulose degradation enzyme activity
of strain S12. A: Carbon Source: CMC-Na; B: Carbon
source: lignin alkali.
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5. EHRS12EFLAINEE 32K

Figure 5. COG class annotation distribution of strain S12 genome. The COG-annotated genes are grouped under their

respective COG classes. Only their class abbreviations are used in this graph, their corresponding class descriptions

are listed as below: N, cell motility; Q, secondary metabolite biosynthesis, transport and catabolism; U, intracellular

trafficking, secretion, and vesicular transport; D, cell cycle control, cell division, chromosome partitioning; T, signal

transduction mechanisms; I, lipid transport and metabolism; H, coenzyme transport and metabolism; V, defense

mechanisms; O, posttranslational modification, protein turnover, chaperones; C, energy production and conversion; F,

nucleotide transport and metabolism; P, inorganic ion transport and metabolism; M, cell wall/membrane/envelope

biogenesis; K, transcription; L, replication, recombination and repair; E, amino acid transport and metabolism; G,

carbohydrate transport and metabolism; S, function unknown; R, general function prediction only; J, translation,

ribosomal structure and biogenesis. Percentages of the top twelve classes are labeled for easy reference.

4. EIRS12E F4E PR RFEAREEE

Table 4. Lignin-degrading enzymes in strain S12 genome

Lignin-degrading enzymes Definitions %é)]%uss)_tags g);;[llé(s)logous
Peroxidases Catalase-peroxidase [EC:1.11.1.21] TE10 14035  KO03782
Glutathione peroxidase [EC:1.11.1.9] TE10 15215  KO00432
gfz‘;rfl’l%‘;n peroxide-producing  groxide dismutase, Fe-Mn family [EC:1.15.1.1] TE10 02730  K04564
Catechol 1,2-dioxygenase [EC:1.13.11.1] TE10 13810 K03381
Biphenyl ring cleavage enzymes  p, 1 catechuate 3, 4-dioxygenase, alpha subunit [EC:1.13.11.3]  TE10_ 13335 K00448
ll?ielriz?gte]/toluate 1,2-dioxygenase alpha subunit [EC:1.14.12.10  Tg10 13815 K055 49
Vanillate O-demethylase ferredoxin subunit [EC:1.14.13.82] TE10 23180 K03863
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Figure 6. Relative genes expression of strain S12 under
two different carbon sources.
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Figure 7. Cellulose-degrading and ethanol-producing pathway of strain S12.
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Table 5. Enzymes in cellulose-degrading and ethanol-producing pathway of strain S12

EnzymesDefinitions %é)l%%sytags z(g)erl‘;}éts)logous
1 Starch phosphorylase [EC:2.4.1.1] TE10_00530 K00688
2 PTS system, fructose-specific IIA component [EC:2.7.1.69] TE10 11530 K02768
3 Beta-fructofuranosidase [EC:3.2.1.26] TE10 08465 K01193
4 Fructokinase [EC:2.7.1.4] TE10 01710 K00847
5 Glucose-6-phosphate isomerase [EC:5.3.1.9] TE10 03680 K01810
6 Phosphoglucomutase [EC:5.4.2.2] TE10_09370 KO01835
7 UTP--glucose-1-phosphate uridylyltransferase [EC:2.7.7.9] TE10_17490 K00963
8 Cellulose synthase (UDP-forming) [EC:2.4.1.12] TE10 01065 K00694
9 Endoglucanase [EC:3.2.1.4] TE10 01055 K01179
10 Beta-glucosidase [EC:3.2.1.21] TE10 12500 KO05349
11 Glucokinase [EC:2.7.1.2] TE10_02625 K00845
12 Glucose-6-phosphate isomerase [EC:5.3.1.9] TE10 03680 K01810
13 6-phosphofructokinase 1 [EC:2.7.1.11] TE10_02760 KO00850
14 Fructose-bisphosphate aldolase, class I [EC:4.1.2.13] TE10_07505 K01624
15 Triosephosphate isomerase (TIM) [EC:5.3.1.1] TE10 01690 K01803
16 Glyceraldehyde 3-phosphate dehydrogenase [EC:1.2.1.12] TE10_ 12115 K00134
17 Phosphoglycerate kinase [EC:2.7.2.3] TE10_ 23680 K00927
18 2, 3-bisphosphoglycerate-independent phosphoglycerate mutase [EC:5.4.2.12] TE10 01480 K15633
19 Enolase [EC:4.2.1.11] TE10_22565 K01689
20 Pyruvate kinase [EC:2.7.1.40] TE10 17205 K00873
21 Pyruvate dehydrogenase E1 component alpha subunit [EC:1.2.4.1] TE10 14430 Ko00161
22 Pyruvate dehydrogenase E1 component beta subunit [EC:1.2.4.1] TE10 14425 K00162
23 Pyruvate dehydrogenase E2 component (dihydrolipoamide acetyltransferase) [EC:2.3.1.12] TE10 06345 K00627
24 Dihydrolipoamide dehydrogenase [EC:1.8.1.4] TE10_06350 K00382
25 Phosphate acetyltransferase [EC:2.3.1.8] TE10_20305 K13788
26 Acetate kinase [EC:2.7.2.1] TE10 20300 K00925
27 Aldehyde dehydrogenase (NAD ) [EC:1.2.1.3] TE10_20355 K00128
28 Alcohol dehydrogenase [EC:1.1.1.1] TE10 02675 K00001
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Screening and genomic analysis of a lignocellulose degrading
bacterium

Wenying Bao, Jingwei Jiang, Yun Zhou, Yufeng Wu, Frederick Chi-Ching Leung*

Bioinformatics Centre, Nanjing Agricultural University, Nanjing 210095, Jiangsu Province, China

Abstract: [Objective] This study is aimed to screen and identify a bacterium with the ability to degrade
lignocellulose, to perform its genomic analysis, and to determine its related enzymatic activities. [Methods] Using a
bleaching/dyeing method with three kinds of lignin analogues (Azure-B; Phenol red; Guaiacol), we separated and
screened a bacterium strain, with a strong ability to degrade lignocellulose, from soil enriched by decaying wood and
leaves. We identified the species of this bacterium according to its 16S rRNA gene and core gene sequence analysis.
In order to understand the trend of enzymatic activities within a certain period, we used ultraviolet spectrophotometry
on manganese peroxidase (MnP), laccase (Lac), carboxymethyl cellulose (CMCase) and filter paper (FPA). The whole
genome was sequenced by Illumina MiSeq and 454 GS Junior platforms. The protein sequences were annotated from
the whole genome and compared with COG and KEGG databases through BLASTp to determine several potential
lignocellulose-degrading enzymes and pathways. Some of the annotated genes were further verified by realtime RT-
PCR. [Results] We obtained strain S12 which was identified as Raoultella ornithinolytica. The bacterium grew to
stationary phase after being incubated in CMC-Na liquid medium for 28 h, at which its cellulose degradation related
enzymatic activities reached to peak values. Bioinformatic analysis results showed that strain S12 has some significant
genes that encode enzymes working in the lignin degradation pathway, such as peroxidase, Fe-Mn superoxide
dismutase, catechol 1,2-dioxygenase, protocatechuate 3, 4-dioxygenase, etc. The expression levels of these genes were
higher when strain S12 was grown in a medium with lignin as the unique carbon source than in a medium with
glucose as the unique carbon source. Also, strain S12 has a complete cellulose degradation and ethanol generation
pathway. [Conclusion] Raoultella ornithinolytica S12 has the ability to degrade lignocellulose effectively, which is

significant in promoting the development of the lignocellulose application industry.

Keywords: lignocellulose degrading bacterium, screening, Raoultella, whole-genome, metabolic pathway
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