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Table 1  Literature mining tools used in the study
Literature mining tools ~ URL Description
GoPubMed http: //gopubmed. org Exploring PubMed with the gene ontology
MEDIE http: / /www-tsujii. is. s. u+okyo. ac. jp/medie/ Retrieving relational concepts from huge texts
Whatizit http://www. ebi. ac. uk /webservices/whatizit /info. jsf A suite of modules that analyses text for contained information
Providing ¢ :—guide network as tural way of accessi
iHOP http://www. ithop-net. org/UniPub/iHOP/ rovidiig @ gene-guide metwork as a naliral way ol dccessing
PubMed abstracts
EBIMed http: / /www. ebi. ac. uk /Rebholz—srv/ebimed /index. jsp Gathering facts for proteins
2
Table 2 Pathway/Enzyme databases used in the study
Databases URL Description
KEGG http: //www. kegg. com/ Integrating genomic chemical and systematic functional information
Brenda http: //www. brenda-enzymes. org A database with detailed introduction of enzymes
MetaCyc http: / /metacyc. org/ Involving different pathways
Uniprot http: //www. uniprot. org/ A universal protein database
1.3 1.4 B. megaterium N
excel .
Al AY o

3
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Table 4  The statistic data origin from literature mining
Content Number
Genes 203
From databases 186
From literatures 17
Enzymes 201
Cytoplasmic 193
Membranal 7
Extracellular 1
Metabolites 354
Cytoplasmic 344
Extracellular 10
Reactions 241
Biochemical reactions 235
Membrane transport 6
Enzymatic 3
Nonenzymatic 3
Matlab ( 2011R11L050355)
(  excel )
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61%) -86
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Table 5 The biochemical reactions from different

literature mining sources

Sources Quantity of reactions Proportion/%
Literatures 180 66
Pathway/Enzyme Databases 162 60
Brenda 107 39
Uniprot 34 12
MetaCyc 64 23
Complementary 33 12
Total 274 100
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Fig.2  The classes of enzymes and the corresponding catalytic
reactions.
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6
Table 6 Comparison of computational simulation on gene deletion with experimental data
Gene Enzyme EC MM OROA DOROA omp ump
BMQ_4254 (pyrC) Dihydroorotase 3.5.2.3 -/ - +/+ +/+ -/ + +/+
BMQ_4255(pyrB) Carbamylaspartotranskinase 2.1.3.2 -/ - +/+ +/+ +/+ +/+
BMQ_4250(pyrD) Dihydroorotate oxidase 1.3.98.1 -/ - +/+ -/ - -/ + +/+
BMQ_4249 (pyrF) Orotidine — 5"phosphate decarboxylase 4.1.1.23 -/ - -/ - -/ - -/ - +/+
experimental result / in silico result; — mno growth; + growth; MM minimal medium
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Fig.3  The metabolic network in the cytosol of Bacillus megaterium. A Pentose phosphate pathway; B  Glycerophospholipid metabolism.
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Fig. 4 The access of fatty acids converted into lysine in the cytosol which involves fatty aid metabolism glyoxylate cycle TCA cycle and
lysine biosynthesis. HEXA: Hexadecanoic acid C160COA: Palmitoyl-CoA C16DCOA: trans-Hexadec2-enoyl-CoA 3HHDCOA: (S)3-
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Reconstruction and analysis of Bacillus megaterium
metabolic model based on literature study

123 . 1 23 s « 12 3% . 123
Maoda Zhou Wei Zou Liming Liu Jian Chen
' State Key Laboratory of Food Science and Technology * Key Laboratory of Industrial Biotechnology —Ministry of

Education ’ Key Laboratory of Carbohydrate Chemistry and Biotechnology Ministry of Education Jiangnan University
Wuxi 214122 China

Abstract: Objective The aim of this study is to reconstruct the metabolic model of Bacillus megaterium by literature
study which would be used to elucidate physiological properties in detail and refine physiological functions. Methods
We built a literature database by searching B. megaterium related literatures from Web of Science PubMed United States
Patent and Trademark Office (USPTO) Patent Databases Derwent Innovations Index and China National Knowledge
Infrastructure ( CNKI). Depending on this database we extracted the functional genes enzymes metabolites and
metabolic reactions (including transport reactions) through literature studies. Then we filled gaps through KEGG Mapper
and adding sink reactions. The operation of Matlab programs reconstructed the metabolic model (in the form of Systems
Biology Markup Language) of B. megaterium. Results The refined metabolic network model contained 292 metabolic
reactions 378 metabolites 220 enzymes and 217 genes. With the restrictive condition of 1. 62 mmol/g cell/h of glucose
uptake rate the simulated specific growth rate was 0.089 h™' a little lower than the experimental value 0. 11 h™'. In
addition the accuracy of the single gene deletion simulation in pyrimidine metabolism reached 90% . Conclusion The
final metabolic network model covered the biochemical information of citrate cycle glycolysis pentose phosphate pathway
fatty acid metabolism vitamin B, biosynthesis and amino acid biosynthesis and reflected the effect of substrates and
genes on the growth of the bacterium to a certain extent.

Keywords: Bacillus megaterium literature mining metabolic model
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