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1.1 #K

1.1.1  BEEESE WK : 50 mmol/L Tris-HCI (pH 8.0),
100 mmol/L NaCl,

1.1.2 BFEH@L): O MMI14 555, B
5.00, BEZE M 10.00, NaCl 5.00, Na,HPO,4.00,
WS 1.50, FIETEVER 0.50, 2R 0.50,

MRS 13.505 () B-] 2 W e RS AG 3 5%
(TR AL BREER 10.00, BEh)
¥3 5.00, NaCl 5.00, &R 4% 5.00, LI 2.00;
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B AD) A FROBH R I A 4 37 3 . CMC-Na 10.00,
KNO; 1.00, MgSO,4:7H,0 0.50, KH,PO, 0.30,
K,HPO, 0.70, FeSO4-7H,0 0.01, FeSO,-7H,0 0.01,
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0T 58 B L A Dy 5 PR 2 DU i e 3R
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AR B8R KEGG (Kyoto Encyclopedia of
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G B — AT X (BSRBAAF A COG He— 74
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45} KEGG PATHWAY #0425 B bR Ak
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Pl b 7 Ja R DA 3 B A DG 1 75 AN SR
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(G, carbohydrate transport and metabolism)i*AH %
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REERE, Hrh 2 5 BB A LS S & i,
translation, ribosomal structure and biogenesis) . ##
Kt iz KR (G, carbohydrate transport and
metabolism) ., Z4JEMRCH K 5312 (E, amino acid
transport and metabolism) . i JIEE (R,
general function prediction only). ZHJf0EE/4H i 5/
A (M, cell wall/membrane /envelope
biogenesis) . fig it )" 2k J %% (C, energy production
and conversion), &l HE L KEK (L, replication,

*1. SHEABREREERBRHERSFE

Table 1. General features of genomes of five Dysgonomonas strains
Attribute D. gadei D. mossii D. hofstadii  D. capnocytophagoides D. macrotermitis
Total length/Mb 5.2 3.9 5.0 4.4 4.7
Total genes 4135 3405 ND 3563 3943
rRNA genes 13 14 ND 13 3
tRNA genes 40 46 ND 45 45
G+C contents/% 39.6 37.5 39.5 37.7 38.5
Protein coding genes 3986 3304 ND 3439 3817
BioProject PRINA46409 PRINA224116 PRJDBS873 PRINA195789 PRIDB3926

ND: Not determined.

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



998 Xinxin Sun et al. | Acta Microbiologica Sinica, 2018, 58(6)
[SI. 73.5.7% [J]. 129, 10.1%
[R], 105, 8.3% SIUE
[K], 66, 5.2% olL] o[D]
[Q]. 16, 1.3%
m[M] 3[N]
[P]. 67. 5.3% [L]. 85. 6.7%
T m (O] BIT]
[1]. 38, 3.0% [D].12,09% m[U] m[V]
[H]. 45, 3.5% o€l @IE]
0,
M. 104.82% Lo iy
(Gl 126, 9.9% [NL2.02% m[H m[l]
s s /. o
[O], 47.3.7% m[P] O[Q]
[T]. 42, 3.3% o[R] ols]
[F], 58, 4.6% [U], 15, 1.2%
0,
[E], 123, 9.7% [C]. 90, 7.1% V1. 29. 2.3%
El1. XEMELBEER COG NN X
Figure 1. Gene distribution based on COG classification of D. macrotermitis. J: Translation, ribosomal structure

and biogenesis; K: Transcription; L: Replication, recombination and repair; D: Cell cycle control, cell division,
chromosome partitioning; M: Cell wall/membrane/envelope biogenesis; N: Cell motility; O: Posttranslational

modification, protein turnover, chaperones; T: Signal transduction mechanisms; U: Intracellular trafficking,

secretion and vesicular transport; V: Defense mechanisms; C: Energy production and conversion; E: Amino acid

transport and metabolism; F: Nucleotide transport and metabolism; G: Carbohydrate transport and metabolism; H:

Coenzyme transport and metabolism; I: Lipid transport and metabolism; P: Inorganic ion transport and metabolism;

Q: Secondary metabolite biosynthesis, transport and catabolism; R: General function prediction only; S: Function

unknown.

recombination and repair) . THLE 551z 5P,
inorganic ion transport and metabolism)%ﬂ%%(K,
transcription) i 25 F &5 EEE KLU, 439510 10.1%
9.9%. 9.7%. 8.3%. 82%. 7.1%. 6.7%. 5.3%F/
5.2%.

222 GO Zifgar3: ¥ CDS HfdE 7Y
Interpro (#& % Fll Gene ontology (GO)%#iE ¢ L X+,
AT GO IERME L., WiE 2 ff7R, GO WIRgsr2E T
BEX) 2 MY 24H 4 (cellular component) . 43+ I fE
(molecular function) . A= ¥ 2% i 2 (biological
process) #4732, Horp A2 Ry A B (metabolic
process) . ZHAE Pt 2 (cellular process). 4l (7
(cell part) . 4ff B (cell) . %5 & (binding) Al {8 1k
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Gene distribution based on gene ontology classification of D. macrotermitis.
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®2. ABWEABETSKRALEZER. RIRREURKNERES XM
Table 2. Enzymes involved in lignocellulose degrading, nitrogen metabolism and defending against pathogens in
D. macrotermitis

Functional annotations Enzymes Definitions Locus-tags (CDS) Orthologous genes
Lignocellulose degrading Endoglucanase [EC:3.2.1.4] orf01038_1, orf01057_1, orf01058_1, K01179
enzymes orf01678 1, orf01678 1

B-glucosidase [EC:3.2.1.21] orf00046_1, orf00122 1, orf00127 1, K05349

orf00224 1, orf00284 1, orf00/353 1,
orf01054_1, orf01056_1, orf01110_1,
orf01672_1, orf01676_1, orf02163_1,
orf02751 1, orf02798 1, orf02800 1
Endo-fB-1,4-xylanase [E3.2.1.8] orf00078 1. orf03640 1. orf03642 1 KO1181
B-galactosidase [EC:3.2.1.23] orf00677 1, orf00977 1, orf00998 1, K011090

orf01050_1, orf01205_1, orf02167 1,
orf02550 1, orf02795 1, orf03373 1

alpha-N-arabinofuranosidase orf00059 1, orf00086 1, orf02767 1 K01209

[EC:3.2.1.55]

Mannan endo-1,4-B-mannosidase orf01675_1 K01218

[EC:3.2.1.78]

Superoxide dismutase [EC:1.15.1.1] orf00131 1, orf02229 1 K04564

Glutathione peroxidase [EC:1.11.1.9] orf03671 1 K00432
Nitrogen metabolism NAD(P)H nitroreductase orf00359 1, orf03686 1 NF

Nitroreductase orf00702_1, orf02962 1, orf03243 1 NF
Defend against pathogens Amidohydrolase orf00117_1 NF

N-acyl-L-amino acid amidohydrolase orf02685 1 NF

1,3-beta-glucanase orf00288 1 NF

NF: Not found.

2
a-D- glucose P —» a-D-glucose-6P «—— B-D-fructose-6P

—I 4] 3
o-D- glucose B-D-fructose-1,6P,

2 5
14

B-D-glucose —— > B-D-glucose-6P Glyceraldehyde-3P

6
D-lactate Glycerate-1,3P,
15 T 7
10

Pyruvate <—— Phosphoenolpyruvate 2. Glycerate-ZPL Glycerate-3P

g

Acetate

3. KRAWEXEEMEERRRE
Figure 3. Glycolysis pathway of strain D. macrotermitis. The numbers (1-15) are the enzymes involved in the
reaction and are described in Table 3.
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Table 3. The enzymes involved in glycolysis pathway of strain D. macrotermitis
Number Enzymes definitions Locus-tags (CDS)  Orthologous genes
1 Phosphoglucomutase [EC:5.4.2.2] orf02188 1 KO01835
2 Glucose-6-phosphate isomerase [EC:5.3.1.9] orf02981 1 K01810
3 6-phosphofructokinase 1 [EC:2.7.1.11] orf03744 1 K00850
4 Fructose-1,6-bisphosphatase I [EC:3.1.3.11] orf02190 1 K03841
5 Fructose-bisphosphate aldolase, class I [EC:4.1.2.13] orf02051 1 K01624
6 Glyceraldehyde 3-phosphate dehydrogenase [EC:1.2.1.12] orf01245 1 K00134
7 Phosphoglycerate kinase [EC:2.7.2.3] orf03003 1 K00927
8 2,3-bisphosphoglycerate-dependent phosphoglycerate mutase [EC:5.4.2.11]  orf01381 1 K01834
9 Enolase [EC:4.2.1.11] orf02691 1 K01689
10 Pyruvate kinase [EC:2.7.1.40] orf00400_1 K00873
11 Pyruvate dehydrogenase (quinone) [EC:1.2.5.1] orf02563 1 K00156
12 Glucose-1-phosphatase [EC:3.1.3.10] orf00302 1 KO01085
13 Aldose 1-epimerase [EC:5.1.3.3] orf01172 1 K01785
14 Glucokinase [EC:2.7.1.2] orf02864 1 K00845
15 D-lactate dehydrogenase [EC:1.1.1.28] orf03445 1 K03778

Numbers 1-15 corresponding to the numbers in Figure 3.
Endoglucanase

Crude extract

Culture supernatant \

Xylanase

B-glucosidase

‘ 2

4. KRRAHZMEEENEE

Figure 4. The assay of lignocellulolytic enzymes activity.
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Whole-genome analysis of the dominant bacterium Dysgonomonas
macrotermitis in the hindgut of Macrotermes barneyi

Xinxin Sun, Jianhua Wei, Jingjing L1, Jinfeng Ni
State Key Laboratory of Microbial Technology, Shandong University, Jinan 250100, Shandong Province, China

Abstract: [Objective] The bacteria of the genus Dysgonomonas are the second dominant microbes in the hindgut
of Macrotermes barney. In the previous work, we isolated a novel bacterium from the hindgut of M. barneyi and
designated it as Dysgonomonas macrotermitis. To further understand the roles of the bacteria in termite, it is
necessary to obtain the genome sequence of D. macrotermitis. [Methods] The whole genome was sequenced by
[llumina MiSeq. The protein sequences from the whole genome were annotated and compared with those in the
Cluster of Orthologous Groups of proteins (COG) and Kyoto Encyclopedia of Genes and Genomes (KEGQG)
databases by BLASTp. Several potential lignocellulose-degrading enzymes were identified. [Results] The genome
sequence is composed of 4655756 bp with G+C content of 38.54%. This whole genome sequencing has been
deposited in DDBJ under the accession numbers BBXL01000001 to BBXL01000078. Bioinformatic analysis shows
that strain harbored genes encoding important enzymes with potential to degrade lignocellulose. Also, it had a
complete cellulose degradation pathway where acetate and lactate were end-products. Genes possibly involved in
nitrogen metabolism and defending against pathogens were also identified. [Conclusion] Our findings provide
basis for the understanding the roles of hindgut bacteria contributing to termite host lignocellulose degradation.

Keywords: Macrotermes barneyi, Dysgonomonas macrotermitis, whole-genome sequencing, lignocellulose degrading

(R RBEm)

Supported by the National Natural Science Foundation of China (31272370) and by the National Basic Research Program of
China (2011CB707402)

"Corresponding author. Tel/Fax: +86-531-86363323; E-mail: jinfgni@sdu.edu.cn

Received: 11 July 2017; Revised: 25 November 2017; Published online: 5 January 2018

AR, ZMRF@MPIAZE LML, BARERFANTRAFELEL, $E0A
AFFHMAF R AR T, BAFRIEALSPSMERFAA T T, $hEH R KF7 P4,
2004 FARZIETLARFHANBARRELERE, 2. LA FH. Z2HRH
) A HFERIRIL (AR IR G BUD )R A W B A MBI R R SRR . R e3E: (1) &
BURR R L TEGBEZ TR, (2) QBUnEMAE N SRR R,; (3) WSk A DAt
BEAF R, (4) RPE ML H DNA TAAMEEANKXRZ QB EME A RAR. 2006 F2A %
IHRALEZTRATRERARAFEALEZDLERE, | REARARAFEALEFTERA,
1 B RE SRR LA RT3 F IR, LRFRABLLTEE.

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



