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I. Technical implementation of reconciliation
In designing the reconciliation process, we were confronted with an initial decision about how to proceed through differences between the two models.  Two basic approaches were possible, and each of these approaches was initially tried with varied results.  These approaches were to reconcile differences in the models gene by gene (Figure 1a in Text S2), versus performing the reconciliation reaction by reaction (Figure 1b in Text S2).  In each case, the homology scores from our genome-wide BLAST study would be used to link genes in PAO with genes in PPU and vice versa, but the approaches differed in how we proceeded through the reconciliation task.  Ultimately, through trial and error, it was determined that the ‘reconciliation by reaction’ approach was favorable, since ultimately it was reaction participation that dictated the function of the models, not gene participation, and because technically and theoretically it turned out to be simpler.  However, information from the gene-based approach (e.g. listings of reactions that each gene participated in in the models) was also deemed valuable to the reconciliation process, since often this information could aid in standardizing actions on similar reactions and decrease redundancy when multiple reactions were present in the models for the same set of genes.  Therefore, we finally opted for a third ‘mixed’ approach, in which we reconciled the models reaction by reaction, but in reconciling a given reaction, also took into account any other reactions that had similar gene associations.  Figure 1c in Text S2 shows this process for a hypothetical reaction ‘rxn1’, which is considered alongside ‘rxn2’ and ‘rxn3’ during reconciliation since they both share gene associations.
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	Figure 1: Methods for comparing models: by gene vs. by reaction.  (a) Gene method.  (b) Reaction method.  (c) Reaction method, taking into account related reactions.  This third, combined method was employed during the reconciliation. 


Implementation of the reconciliation process was done in Microsoft Office Excel, or in OpenOffice.  In order to gather the necessary data for each reconciliation decision, several preliminary tables were created as separate worksheets in a master excel file.  Representative subsections of the main tables are shown in Figure 2 in Text S2 for the PAO model, and equivalent tables were also generated for PPU.  This task could also have been accomplished using databases, and in fact took the form of a database system in terms of how we used the various tables.  
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associated reactions, by TOBIN #:

Abbreviation Name Formula Charged Formula Alternate compound names KeggID

10fthf 10-Formyltetrahydrofolate C20H21N7O7 C20H23N7O7 10-Formyl-THF C00234

12d3k5m 1,2-dihydroxy-3-keto-5-methylthiopentene C6H8O3S C6H10O3S 1,2-dihydroxy-5-(methylthio)pent-1-en-3-one

12dag3p 1,2-Diacyl-sn-glycerol 3-phosphate C5H5O8PR2 C5H7O8PR2 Phosphatidate/ Phosphatidic acid C00416

12dag3p_PA 1,2-Diacyl-sn-glycerol 3-phosphate C2344H4383O427P50C2344H4383O427P50
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1 PPA

inorganic 

diphosphatase

[c] : h2o + ppi --> h + (2) pi class 2

energy metabolism

PA4031 Ppa EC-3.6.1.1

6 CAT catalase [c] : (2) h2o2 --> (2) h2o + o2 class 1

energy metabolism

PA4613, PA2147, 

PA4236

KatB, KatE, 
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EC-1.11.1.6 ID'd by EC# in annotation.

7 TREH

alpha,alpha-

trehalase

[c] : h2o + tre --> (2) glc-D class 2central metabolism PA2416 TreA EC-3.2.1.28 ID'd by EC# in annotation

9 GLXCBL

glyoxalate 

carboligase

[c] : (2) glx + h --> 2h3opp + co2 class 2 unassigned PA1502 Gcl EC-4.1.1.47 ID'd by EC# in annotation and KEGG

13 CYCPO

cytochrome-c 

peroxidase

[c] : (2) focytc + (2) h + h2o2 --> (2) ficytc + (2) 

h2o
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PA4587 CcpR EC-1.11.1.5
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PA0009 PA0009 <==> PP0061 with 88% identity

PA0010 PA0010 <==> PP0062 with 76% identity

PA0011 PA0011 <==> PP0063 with 73% identity

PA0012 PA0012 --> PP0997 <==> PA2449 with (59%, and 74% identities)

PA0013 PA0013 --> PP4263 <==> PA1547 with (56%, and 80% identities)

Locus tagGene namealtGeneNameProduct name Product Name RatingNucleotide SequenceAmino Acid SequencehomologypathwayecNumberfunctionClass

PA1375pdxB erythronate-4-phosphate dehydrogenaseClass 2 ATGCGTATTCTCGCCGATGAAAACATTCCCGTGGTCGACGCCTTCTTCGCCGACCAGGGCTCCATTCGCCGCTTGCCCGGGCGCGCCATCGACCGCGCGGCGCTGGCCGAGGTCGACGTGCTGCTGGTGCGCTCGGTCACCGAGGTCAGCCGCGCGGCGCTGGCCGGCTCGCCGGTGCGCTTCGTCGGCACCTGCACCATCGGCACCGACCACCTCGACCTCGACTACTTCGCCGAGGCCGGCATCGCCTGGTCCAGCGCACCCGGCTGCAACGCCCGCGGGGTGGTGGACTACGTGCTCGGCTGCCTGCTGGCGATGGCCGAGGTGCGCGGCGCCGACCTGGCCGAACGCACCTATGGGGTGGTCGGCGCCGGGCAGGTCGGCGGGCGGCTGGTGGAGGTGCTGCGCGGGCTGGGCTGGAAAGTGCTGGTCTGCGATCCGCCGCGCCAGGCACGCGAGCCGGACGGCGAATTCGTCTCGCTGGAACGGCTGCTGGCCGAGGCCGACGTGATCAGCCTGCACACTCCGCTGAACCGCGACGGCGAACACCCGACCCGCCACCTGCTGGATGAGCCCCGCCTGGCCGCCCTGCGTCCCGGCACCTGGCTGGTCAACGCCAGCCGTGGCGCGGTGGTCGACAACCAGGCCCTGCGCCGCCTGCTCGAAGGCGGCGCCGACCTGGAAGTGGCGCTGGACGTCTGGGAAGGCGAACCGCAGGCCGACCCCGAACTGGCCGCGCGCTGCCTGATCGCCACGCCGCACATCGCCGGCTACAGCCTGGAAGGCAAGCTGCGCGGCACCGCACAGATCTACCAGGCCTACTGCGCCTGGCGCGGCATCGCCGAACGCGTGAGCCTGCAAGACGTGCTGCCGGAAACCTGGCTCGCCGGCCTGCAACTCAACCCCGGCTGCGACCCGGCCTGGGCGCTGGCCACGCTGTGCCGCGCGGTGTACGACCCGCGCAGCGACGACGCCGCCTTCCGCCGCAGCCTGACCGGCGACAGCGCCACCCGCCGCGCCGCCTMRILADENIPVVDAFFADQGSIRRLPGRAIDRAALAEVDVLLVRSVTEVSRAALAGSPVRFVGTCTIGTDHLDLDYFAEAGIAWSSAPGCNARGVVDYVLGCLLAMAEVRGADLAERTYGVVGAGQVGGRLVEVLRGLGWKVLVCDPPRQAREPDGEFVSLERLLAEADVISLHTPLNRDGEHPTRHLLDEPRLAALRPGTWLVNASRGAVVDNQALRRLLEGGADLEVALDVWEGEPQADPELAARCLIATPHIAGYSLEGKLRGTAQIYQAYCAWRGIAERVSLQDVLPETWLAGLQLNPGCDPAWALATLCRAVYDPRSDDAAFRRSLTGDSATRRAAFDALRKHYPPRREITGLRVATGGQAELQRVVRALGAQLV61% similar to erythronate-4-phosphate dehydrogenase (PdxB), involved in the biosynthesis of pyrodoxine (vitamin B6) ; Phenylalanine metabolism ; Vitamin B6 metabolism ; Nucleotide sugars metabolism ; Lysine biosynthesis ; Glycine, serine and threonine metabolism ; Galactose metabolism ; Fructose and mannose metabolism ; Butanoate metabolism ; Ascorbate and aldarate metabolism ; 1.1.1.- ; Carbon compound catabolism ; Amino acid biosynthesis and metabolism ; Biosynthesis of cofactors, prosthetic groups and carriers ; 

PA1614gpsA gpdA ; glycerol-3-phosphate dehydrogenase, biosyntheticClass 2 ATGACAGAGCAGCAACCGATTGCCGTGCTCGGCGGCGGCAGTTTCGGCACCGCCATCGCCAACCTGCTGGCCGAGAACGGCCAGGCGGTCCGCCAGTGGATGCGCGACCCGGAACAGGCCGAGGCGATCCGCACACGACGCGAGAACCCGCGCTACCTGAAAGGGGTCAAGGTGCATCCCGGAGTCGACCCGGTCACCGACCTGGAGCGCACCCTGGCCGATTGCCAACTGATCTTCGTCGCCTTGCCCTCCAGCGCCCTGCGCAAGGTGCTGCAACCACACCAGGCGGCATTGACGGACAAGCTGCTGGTGAGCCTGACCAAGGGCATCGAGGCGCACACCTTCAAGCTGATGAGTGAGATCCTCGAGGAAATCGCCCCGCAAGCCCGCATCGGGGTGATTTCCGGCCCGAACCTGGCGCGCGAGATCGCAGAGCACGAGCTGACCGCCACGGTGGTCGCCAGCGAGGACGACGAGCTGTGCGCCCGCGTCCAGGCGGCCCTGCACGGCCGCACCTTCCGCGTCTACGCCAGCCGCGACCGCTTCGGCGTGGAACTCGGCGGTGCGCTGAAGAACGTCTACGCGATCATGGCCGGCCTGGCCGCGGCGATGGACATGGGCGAGAACACCCGCAGCATGCTGATCACCCGCGCGCTGGCGGAAATGACCCGGTTCGCCGTCAAGCTCGGTGCCAACCCGATGACCTTTCTCGGCCTCGCCGGCGTCGGCGACCTGATCGTCACCTGTTCCTCGCCGAAGAGCCGCAACTACCAGGTCGGCCACGCCCTCGGCGAGGGGCTCAGCCTGGAGGAGGCGGTATCGCGCATGGGCGAGACCGCGGAGGGTGTGAACACTCTCAAGGTACTCAAGGAAAAGTCCGACGAGATGCAGGTGTACATGCCGCTGGTCGCCGGTCTCCATGCGATCCTCTTCGAAGGCCGCACCCTGGCGCAGGTCATCCAGTTGCTGATGCGCGGCGAGCCGAAGACCGACGTCGATTTCATTCCCACCACCGGCTTCTGAMTEQQPIAVLGGGSFGTAIANLLAENGQAVRQWMRDPEQAEAIRTRRENPRYLKGVKVHPGVDPVTDLERTLADCQLIFVALPSSALRKVLQPHQAALTDKLLVSLTKGIEAHTFKLMSEILEEIAPQARIGVISGPNLAREIAEHELTATVVASEDDELCARVQAALHGRTFRVYASRDRFGVELGGALKNVYAIMAGLAAAMDMGENTRSMLITRALAEMTRFAVKLGANPMTFLGLAGVGDLIVTCSSPKSRNYQVGHALGEGLSLEEAVSRMGETAEGVNTLKVLKEKSDEMQVYMPLVAGLHAILFEGRTLAQVIQLLMRGEPKTDVDFIPTTGF57% similar to glycerol-3-phosphate dehydrogenase (NAD+) [Escherichia coli] ; 56% similar to GLYCEROL-3-PHOSPHATE DEHYDROGENASE (NAD(P)+) (NAD(P)H-DEPENDENT DIHYDROXYACETONE-PHOSPHATE REDUCTASE) (gpdA gene product) [Bacillus subtilis] ; Glycerolipid metabolism ; 1.1.1.- ; Central intermediary metabolism ; Fatty acid and phospholipid metabolism ; 

PA3650dxr yaeM ; 1-deoxy-d-xylulose 5-phosphate reductoisomeraseClass 2 ATGAGTCGACCGCAGCGGATCAGCGTGCTCGGCGCGACCGGCTCGATCGGCCTGAGCACCCTGGACGTCGTCCAGCGTCATCCCGATCGTTACGAAGCCTTCGCCCTGACTGGCTTCAGCCGCCTGGCCGAACTCGAGGCGCTGTGCCTCAGGCACCGCCCCGTCTATGCGGTGGTGCCGGAGCAGGCCGCGGCGATTGCCTTGCAGGGCTCGCTCGCCGCGGCGGGTATCCGCACCCGGGTGCTGTTCGGCGAGCAGGCGTTGTGCGAAGTGGCCAGCGCGCCCGAAGTGGACATGGTAATGGCGGCCATCGTCGGCGCCGCCGGGCTGCCGTCGACCCTGGCGGCCGTCGAGGCCGGCAAGCGCGTACTGCTGGCCAACAAGGAGGCGCTGGTGATGTCCGGCGCGCTGTTCATGCAGGCGGTCAAGCGCAGCGGCGCGGTGCTCCTGCCGATCGACAGCGAGCACAACGCGATCTTCCAGTCGCTGCCGCGCAATTATGCCGATGGCCTGGAGCGGGTCGGCGTGCGCCGGATCCTCTTGACCGCCTCCGGCGGCCCGTTCCGCGAGACGCCGCTGGAGCAACTCGCTTCGGTGACGCCGGAGCAGGCTTGTGCGCACCCGAACTGGTCGATGGGGCGTAAGATTTCCGTCGACTCCGCCAGCATGATGAACAAGGGGCTCGAACTGATCGAGGCGTGCTGGCTGTTCGACGCCCAGCCGAGCCAGGTCGAGGTGGTGATCCACCCGCAGAGCGTGATCCACTCGATGGTGGACTACGTCGACGGTTCGGTGATCGCCCAGCTCGGCAATCCGGACATGCGCACGCCGATTTCCTATGCCATGGCCTGGCCGGAGCGAATCGATTCCGGCGTTTCGCCGCTGGATATGTTCGCCGTCGGTCGCCTGGATTTCCAGCGCCCCGACGAGCAGCGCTTCCCCTGCCTGCGCCTGGCGAGCCAGGCCGCGGAAACCGGCGGCAGCGCCCCGGCCATGCTGAATGCCGCGAACGAGGTGGCCGTGGMSRPQRISVLGATGSIGLSTLDVVQRHPDRYEAFALTGFSRLAELEALCLRHRPVYAVVPEQAAAIALQGSLAAAGIRTRVLFGEQALCEVASAPEVDMVMAAIVGAAGLPSTLAAVEAGKRVLLANKEALVMSGALFMQAVKRSGAVLLPIDSEHNAIFQSLPRNYADGLERVGVRRILLTASGGPFRETPLEQLASVTPEQACAHPNWSMGRKISVDSASMMNKGLELIEACWLFDAQPSQVEVVIHPQSVIHSMVDYVDGSVIAQLGNPDMRTPISYAMAWPERIDSGVSPLDMFAVGRLDFQRPDEQRFPCLRLASQAAETGGSAPAMLNAANEVAVAAFLERHIRFSDIAVIIEDVLNREAVTAVESLDQVLAADRRARSVAGQWLTRHAG71% similar to yaeM gene product of [E. coli] ; 1.1.1.- ; Biosynthesis of cofactors, prosthetic groups and carriers ; 

PA2119 adh ; alcohol dehydrogenase (Zn-dependent)Class 2 ATGAGCAAGATGATGAAAGCCGCCGTATTCATCCAGCCCGGCCGTATCGAGCTGGTCGACAAGCCGATTCCCGACGTGGGGCCGAACGATGCATTGGTGCGCATCACCACCACCACGCTCTGCGGCACCGACGTGCACATCCTCAAGGGCGAGTATCCGGTCGCGCCCGGCCTGACGGTGGGCCACGAGCCGGTCGGGATCATCGAAAAGCTCGGCAGCGCGGTGGTCGGCTACCGCGAAGGCCAACGCGTGATCGCCGGTGCCATCTGCCCCAACTTCAACTCCTATGCCGCCCAGGACGGCGTACCGTCGCAGGACGGCAGCTACCTGGTGGAATCCGGCCGTTGCGCCTGCCATGGCTACAAGGCGACCGCCGGTTGGCGCTTCGGCAACCTGATCGACGGCACCCAGGCCGAGTATGTGCTGGTTCCCGACGCTCAGGCCAACCTTGCCCCCATACCCGATGGTCTCAGCGACGAACAGGTGCTGATGTGTCCGGACATCATGTCCACGGGCTTCAAGGGCGCGGAGAACGCCAACATCCGCATCGGCGATAGCGTGGCGATCTTCGCCCAGGGTCCCATAGGCCTGTGCGCCACCGCCGGCGCCCGGCTGCTGGGCGCCAGCACGATCATCGCCATCGACGGCAACGCCCATCGCCTCGATATCGCCCGTGGAATGGGCGCCGACGTCACGCTGAACTTCAGGGAGTGCGACGTGATCGAGGAAATTCTCAAACTCACCGGCGGGCGCGGCGTGGATGCTTCGATCGAGGCACTCGGTACGCAATCGACCTTCGAGACCGCCCTGAGGGTGCTCAAGCCCGGCGGCACCCTTTCCAGCCTCGGGGTCTATTCGGAAGACCTGACGATTCCGTTGTCGGCCTTCGCCGCCGGCCTCGGCGACCACCGGATCAATACCGCGCTGTGCCCCGGCGGCAAGGAGCGCATGCGCCGACTGCTCAATATCGTGGCTTCGGGCCGGGTCAACCTCGGGCCTTTGGTCAGCCACGAATACCGCCTCGMSKMMKAAVFIQPGRIELVDKPIPDVGPNDALVRITTTTLCGTDVHILKGEYPVAPGLTVGHEPVGIIEKLGSAVVGYREGQRVIAGAICPNFNSYAAQDGVPSQDGSYLVESGRCACHGYKATAGWRFGNLIDGTQAEYVLVPDAQANLAPIPDGLSDEQVLMCPDIMSTGFKGAENANIRIGDSVAIFAQGPIGLCATAGARLLGASTIIAIDGNAHRLDIARGMGADVTLNFRECDVIEEILKLTGGRGVDASIEALGTQSTFETALRVLKPGGTLSSLGVYSEDLTIPLSAFAAGLGDHRINTALCPGGKERMRRLLNIVASGRVNLGPLVSHEYRLDDIVAAYDLFANQRDNVLKVAIKPH94% similar to alcohol dehydrogenase of [Alcaligenes eutrophus] ; 1.1.1.1 ;Putative enzymes ; 

PA5427adhA alcohol dehydrogenase Class 2 ATGACCCTGCCACAGACCATGAAAGCCGCGGTCGTGCACGCCTACGGCGCGCCGCTGCGGATCGAGGAAGTCAAGGTTCCGCTGCCCGGCCCCGGGCAGGTACTGGTGAAGATCGAAGCCTCCGGCGTCTGCCACACCGACCTGCATGCCGCCGAGGGCGACTGGCCGGTGAAGCCGCCGTTGCCGTTCATTCCCGGTCACGAAGGCGTCGGCTACGTCGCCGCGGTGGGCAGCGGAGTGACCCGAGTGAAGGAAGGCGACCGGGTCGGCATCCCCTGGCTGTACACCGCCTGCGGCTGCTGCGAGCACTGCCTGACCGGCTGGGAGACCCTCTGCGAGAGCCAGCAGAACACCGGCTACTCGGTGAACGGCGGCTATGCCGAATACGTATTGGCCGACCCGAACTACGTCGGAATTCTGCCGAAAAACGTCGAATTCGCTGAAATCGCGCCGATCCTCTGCGCCGGCGTCACCGTCTACAAGGGGCTCAAGCAGACTAACGCGCGCCCCGGCCAGTGGGTGGCGATCTCCGGCATCGGCGGCCTCGGCCACGTCGCCGTGCAGTACGCCAGGGCCATGGGCCTGCACGTCGCCGCCATCGACATCGACGACGCCAAGCTGGAACTGGCGCGCAAGCTCGGTGCCAGCCTGACGGTCAACGCCCGGCAGGAAGACCCGGTGGAGGTGCTCCAGCGCGACATCGGCGGCGCCCACGGGGTGCTGGTCACCGCGGTATCCAATAGCGCCTTCGGCCAGGCCATCGGCATGGCGCGCCGCGGCGGCACCATCGCCCTGGTCGGCCTGCCGCCGGGTGACTTCCCGACGCCGATCTTCGACGTGGTGCTCAAGGGCCTGCACATCGCCGGCTCAATCGTCGGCACCCGCGCGGACCTTCAGGAAGCCCTCGACTTTGCCGGCGAAGGCCTGGTCAAGGCGACCATCCATCCGGGCAAGCTGGACGACATCAACCAGATCCTCGACCAGATGCGCGCCGGGCAGATCGAGGGGCGCATCGTCCTTGAGAMTLPQTMKAAVVHAYGAPLRIEEVKVPLPGPGQVLVKIEASGVCHTDLHAAEGDWPVKPPLPFIPGHEGVGYVAAVGSGVTRVKEGDRVGIPWLYTACGCCEHCLTGWETLCESQQNTGYSVNGGYAEYVLADPNYVGILPKNVEFAEIAPILCAGVTVYKGLKQTNARPGQWVAISGIGGLGHVAVQYARAMGLHVAAIDIDDAKLELARKLGASLTVNARQEDPVEVLQRDIGGAHGVLVTAVSNSAFGQAIGMARRGGTIALVGLPPGDFPTPIFDVVLKGLHIAGSIVGTRADLQEALDFAGEGLVKATIHPGKLDDINQILDQMRAGQIEGRIVLEM73% similar to alcohol dehydrogenase [Bacillus stearothermophilus] ; Tyrosine metabolism ; Glycolysis / Gluconeogenesis ; Glycerolipid metabolism ; Fatty acid metabolism ; Bile acid biosynthesis ; 1.1.1.1 ;Energy metabolism ; Carbon compound catabolism ; 

PA3540algD GDP-mannose 6-dehydrogenase AlgDClass 1 ATGCGAATCAGCATCTTTGGTTTGGGCTATGTCGGTGCAGTATGTGCTGGCTGCCTGTCGGCACGCGGTCATGAAGTCATTGGTGTGGATGTCTCCAGCACCAAGATCGACCTGATCAACCAGGGCAAGTCGCCCATCGTCGAACCGGGCCTGGAAGCGTTGTTGCAGCAAGGCCGGCAGACCGGACGGCTGTCGGGCACCACCGACTTCAAGAAGGCCGTGCTGGACTCCGACGTATCGTTCATCTGCGTCGGCACGCCGAGCAAGAAGAACGGCGACCTGGACCTGGGCTACATCGAGACCGTCTGCCGCGAGATCGGCTTCGCCATCCGCGAGAAGTCCGAACGCCACACCGTGGTGGTGCGCAGCACCGTACTGCCGGGCACCGTCAACAACGTGGTGATCCCGCTGATCGAGGACTGCTCGGGCAAGAAGGCCGGGGTCGACTTCGGCGTCGGCACCAACCCCGAATTCCTCCGCGAGAGCACCGCGATCAAGGACTACGACTTCCCGCCGATGACCGTGATCGGCGAACTGGACAAGCAGACCGGCGACCTTCTCGAGGAAATCTACCGCGAGCTGGACGCGCCGATCATCCGCAAGACCGTCGAGGTCGCCGAGATGATCAAGTACACCTGCAACGTCTGGCACGCCGCCAAGGTCACCTTCGCCAACGAGATCGGCAACATCGCCAAGGCGGTCGGCGTCGACGGCCGCGAGGTGATGGACGTGATCTGCCAGGACCACAAGCTCAACCTGTCGCGCTACTACATGCGTCCCGGCTTCGCCTTCGGCGGCTCCTGCCTGCCCAAGGATGTACGCGCCCTCACCTATCGCGCCAGCCAGCTGGACGTCGAGCACCCGATGCTCGGTTCGTTGATGCGCAGCAACTCCAACCAGGTGCAGAAGGCCTTCGATCTCATCACCAGCCACGACACCCGCAAGGTCGGCCTGCTCGGCCTGTCGTTCAAGGCCGGCACCGACGATTTGCGCGAAAGCCCGCTGGTGGAGCTGGCCGAGATGCMRISIFGLGYVGAVCAGCLSARGHEVIGVDVSSTKIDLINQGKSPIVEPGLEALLQQGRQTGRLSGTTDFKKAVLDSDVSFICVGTPSKKNGDLDLGYIETVCREIGFAIREKSERHTVVVRSTVLPGTVNNVVIPLIEDCSGKKAGVDFGVGTNPEFLRESTAIKDYDFPPMTVIGELDKQTGDLLEEIYRELDAPIIRKTVEVAEMIKYTCNVWHAAKVTFANEIGNIAKAVGVDGREVMDVICQDHKLNLSRYYMRPGFAFGGSCLPKDVRALTYRASQLDVEHPMLGSLMRSNSNQVQKAFDLITSHDTRKVGLLGLSFKAGTDDLRESPLVELAEMLIGKGYELRIFDRNVEYARVHGANKEYIESKIPHVSSLLVSDLDEVVASSDVLVLGNGDELFVDLVNKTPSGKKLVDLVGFMPHTTTAQAEGICW99% similar to GDPmannose 6-dehydrogenase [Pseudomonas aeruginosa] ; Fructose and mannose metabolism ; Alginate biosynthesis ; 1.1.1.132 ;Cell wall / LPS / capsule ; Adaptation, Protection ; Secreted Factors (toxins, enzymes, alginate) ; 

e.



	Figure 2: Worksheets useful for analysis.  (a) iMO1056, lists all reactions in the initial PAO model, indexed by tobin #.  Includes reaction stoichiometry, gene associations, etc.  (b) iMO1056_locuslisted, lists all genes in the initial PAO model and the reactions in which they participate.  (c) paovsppu, lists all PAO genes and their BLAST associations with respect to PPU. (d) iMO1056_metabolites, lists metabolites in iMO1056, along with their chemical formulas and other information.  (e) PAOannotation, lists all of the fields of the PseudoCAP annotation for PAO.  Note, only the PAO version of each worksheet is described, but similar worksheets for PPU were also employed. 


The ‘primary key’ that we used to refer to reactions in the system was a TOBIN number, so named after the computational platform developed in and utilized by Dr. dos Santos’ laboratory for constraint based modeling applications.  Any unique code for each reaction stoichiometry would work equally well.  The key used to refer to genes was the gene locus ID.    

The tables described in Figure 2 in Text S2 were used to generate large spreadsheets, which were analogous to complex database queries in a database system.  The general format of these spreadsheets is shown in Figure 3a in Text S2.  A specific example from one of the reconciliation sheets is also displayed in Figure 3b in Text S2 with an identical format as that shown in Figure 1a in Text S2 for comparison.  This example is for reconciliation of the reaction maleylacetoacetate isomerase (MLACI), which has some gene associations in both iMO1056 and iJP829.  The various fields in this worksheet are derived from the tables shown in Figure 2 in Text S2, primarily through use of the VLOOKUP function to pull in relevant data for each reaction and gene from the appropriate tables.  Generally, one sheet used in the reconciliation process would include this organization of information for up to hundreds of reactions that were similar in their gene associations, with a different sheet for each category listed in Table 1 of the main text (or sometimes multiple sheets for a given category, if further subdivisions were warranted).  All of the information relevant to a given reaction would be listed in a set of rows, below which would be a set of rows for the next reaction, etc.
Generating these sheets is not necessarily trivial or intuitive, so we have shown the specific methodology used to organize the information in Figure 4 in Text S2.  This involved two indexing columns, one for the ‘setup’ index, and the other for the ‘functional’ index.  By resorting by these two sets of indices, the reconciliation tables can be easily manipulated (as shown in Figure 4a in Text S2) or grouped with all relevant information for a given reaction clustered together for reconciliation (as shown in Figure 4b in Text S2).  Reconciliation notes written in the center columns of these sheets are transferred to a separate reconciliation notes file at the end of each work session, as pictured in Figure 3c in Text S2.  Once all reactions were annotated with reconciliation notes, these notes were used to make the necessary changes to the models, resulting in the final reconciled models.  Full reconciliation notes for the reconciliation of P. aeruginosa and P. putida are listed in Table 5 in Text S1.
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index locus tagGene name

altGeneN

ame Product name altProteinName Product Name Rating ..Nucleotide SequenceAmino Acid Sequence..

24.001PA1655 0 0probable glutathione S-transferase 0Class 3 ..ATGTACAMYKVYG..

24.002PA2007 maiA 0maleylacetoacetate isomerase glutathione transferase zeta 1 ; Class 2 ..ATGAAGCMKLYTYY..

24.003PA2473 0 0probable glutathione S-transferase 0Class 3 ..ATGCAGCMQLYSFF..

24.004PA3035 0 0probable glutathione S-transferase 0Class 3 ..ATGAAACMKLHDLA..

24.05PP4619 0 0maleylacetoacetate isomerase, putative 0NA ..ATGGAGCMELYTYY..

24.1PP1821 0 0glutathione S-transferase family protein 0NA ..ATGTACAMYKVYG..

24.101PP4619 0 0maleylacetoacetate isomerase, putative 0NA ..ATGGAGCMELYTYY..

24.102PP1162 0 0glutathione S-transferase family protein 0NA ..ATGTCGAMSNPIKL..

..Rxns that PAO gene is in:

locus tagPPU Gene

Reverse 

match nucleotide BLAST is reciprocal? nucleotide BLAST percent identity:protein BLAST is reciprocal? ..PAO generxn1 rxn2

124.001PA1655 PP1821 PA1655Yes 0.76 Yes ..PA1655 1804

124.002PA2007 PP4619 PA2007Yes 0.76 Yes ..PA2007 1804

124.003PA2473 PP4619 PA2007No 0.63 No ..PA2473 1804

124.004PA3035 PP1162 PA3035Yes 0.58 Yes ..PA3035 1804

124.05PP4619 PA2007 PP4619Yes 0.76 Yes ..PP4619 1804

124.1PP1821 PA1655 PP1821Yes 0.76 Yes ..

124.101PP4619 PA2007 PP4619Yes 0.76 Yes ..PP4619 1804

124.102PP1162 PA3035 PP1162Yes 0.58 Yes ..

.. .. .. .. .. .. .. .... .. ..



tobin#

index

index

index

locus 

tag

locus 

tag BLAST match info for all genes described above. 

Information on current reaction.

Information on related reactions.

Annotation fields for (1) all genes involved in current reaction in both models, 

and (2) genes that reciprocally match those genes by BLASTn. 

rxnsthese 

genes are 

involved in.

a.

b.

c.

(Tobin #)

Simpheny 

abbreviation

Tobin 

name

iJP829 

genes

Simpheny name

iMO1056 

genes

.. comments on PPU/PAO match

Solution 

found?

note made 

by:

date references

8763/8764 AKGt6 AKGt2r

( PP1400 ) 

or ( 

PP4461 )

2-oxoglutarate transport in/out via proton 

symport

PA5530..

add to iMO1056 PA0229-->PcaT as isozyme.  Changed 

confidence class to class 2.

yes matto5/16/2008

10072/10083 MGt5

magnesium transport in/out via permease 

(no H+)

PA5268

..

add to iMO1056 PA1913-->MgtE based on annotated 

function.

yes matto5/16/2008

8685/8686 PHEt6 PHEt2r

( PP0927 ) 

or ( 

PP4495 )

L-phenylalanine transport in/out via proton 

symport

0 .. add to iMO1056 PA3000 and PA0866 as isozymes. yes matto5/16/2008

710/5087 LEUTA leucine transaminase PA5013

..

add to iMO1056 PA3139-->PhhC2 and PA0870-->PhhC as 

isozymes.

yes matto5/16/2008

214/4591 ALAR

L-Alanine 

racemase

( PP3722 ) 

or ( 

PP5269 )

alanine racemase PA4930.. add to iMO1056 PA5302-->DadX as isozyme. yes matto5/16/2008



	Figure 3. Layout of worksheets for analyzing reactions.  (a) basic Excel layout of a worksheet for reconciliation of a given reaction.  (b) specific example of layout for a given reaction.  (c) sample of the ‘model reconciliation notes’ sheet, in which the decisions from the reconciliation process were recorded for each reaction. 
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Gene 

locus Model reconciliation note Solution found?

Ref

? Date

1

2 tobin #rxn namestoichiometry genes subsystem

...

3 1.1 iMO rxn 1265 Remove #1265 from iJP.  The gene is not associated...yes 3/28/2009 --

...

4 2.1 iMO rxn 3569 Remove #3659 from iJP.  No evidence found for... yes, real difference 3/28/2009 --

...

5 3.1 iMO rxn 8941 Deal with this rxn in an Organism specific sheet. organism specific 3/28/2009 --

...

6

7 tobin #rxn namestoichiometry genes subsystem

8 1.2 iJP rxn 1265 12655-Aminopentanamide amidohydrolase[c] : 5-Aminopentanamide + H2O + H+ --> 5-Aminopentanoate + NH4+ PP0382 Lysine degradation

...

9 2.2 iJP rxn 3569 3569L-Lysine:oxygen 2-oxidoreductase (decarboxylating)[c] : L-Lysine + Oxygen --> 5-Aminopentanamide + CO2 + H2O + H+ PP0383 Lysine degradation

...

10 3.2 iJP rxn 8941 8941Phosphatidylglycerol phosphate phosphatase (Ecoli)[c] : (50) H2O + Phosphatidylglycerophosphate (Ecoli) ** --> Phospatidylglycerol (Ecoli) ** + (50) Orthophosphate PP0520 Glycerophospholipid metabolism

...

11

12 gene locusEC# gene name alt nameannotated function

...

13 1.401 iJP gene PP0382PP0382 --> PA3598 <==> PP3846 with (61%, and 72% identities) PP0382 carbon-nitrogen hydrolase family protein

...

14 2.401 iJP gene PP0383PP0383 --> PA1242 <==> PP4113 with (55%, and 61% identities) PP0383 tryptophan 2-monooxygenase, putative

...

15 3.401 iJP gene PP0520PP0520 <==> PA4050 with 82% identity PP05203.1.3.27 ; pgpA phosphatidylglycerophosphatase A

...

16

17 gene locusEC# gene name alt nameannotated function

18 1.60121st PP match PA3598 PA3598 ypqQ ;conserved hypothetical protein

...

19 2.60121st PP match PA1242 PA1242 hypothetical protein

...

20 3.60121st PP match PA4050 PA40503.1.3.27 ; pgpA phosphatidylglycerophosphatase A

...

21

22 1.60132nd PP match PP3846 PP3846 carbon-nitrogen hydrolase family protein

...

23 2.60132nd PP match PP4113 PP4113 hypothetical protein

...

24 3.60132nd PP match PP0520 PP05203.1.3.27 ; pgpA phosphatidylglycerophosphatase A

...

25

26 tobin #rxn namestoichiometry genes subsystem

27 3.8506PGPPH_PA 9991PA4050 9991Phosphatidylglycerophosphate phosphohydrolase[c] : h2o + (0.02) pglyp_PA --> (0.02) pg_PA + piclass 2Membrane Lipid Metabolism

...

28

29 1

30 2

31 3

32 4

annotations of genes  

associated with these 

reactions through 

BLAST matches.

annotations of genes 

participating in the 

reactions

Other reactions 

associated with the 

same genes

Reaction descriptions 

in iJP829

Reaction descriptions 

in iMO1056

index1index2 Field Tobin #

Gene 

locus Model reconciliation note Solution found?

Ref

? Date

29 1

3 1.1 iMO rxn 1265 Remove #1265 from iJP.  The gene is not associated...yes 3/28/2009 --

...

8 1.2 iJP rxn 1265 1265 5-Aminopentanamide amidohydrolase[c] : 5-Aminopentanamide + H2O + H+ --> 5-Aminopentanoate + NH4+ PP0382 Lysine degradation

...

13 1.401 iJP gene PP0382PP0382 --> PA3598 <==> PP3846 with (61%, and 72% identities) PP0382 carbon-nitrogen hydrolase family protein

...

18 1.60121st PP match PA3598 PA3598 ypqQ ;conserved hypothetical protein

...

22 1.60132nd PP match PP3846 PP3846 carbon-nitrogen hydrolase family protein

...

30 2

4 2.1 iMO rxn 3569 Remove #3659 from iJP.  No evidence found for... yes, real difference 3/28/2009 --

...

9 2.2 iJP rxn 3569 3569 L-Lysine:oxygen 2-oxidoreductase (decarboxylating)[c] : L-Lysine + Oxygen --> 5-Aminopentanamide + CO2 + H2O + H+ PP0383 Lysine degradation

...

14 2.401 iJP gene PP0383PP0383 --> PA1242 <==> PP4113 with (55%, and 61% identities) PP0383 tryptophan 2-monooxygenase, putative

...

19 2.60121st PP match PA1242 PA1242 hypothetical protein

...

23 2.60132nd PP match PP4113 PP4113 hypothetical protein

...

31 3

5 3.1 iMO rxn 8941 Deal with this rxn in an Organism specific sheet. organism specific 3/28/2009 --

...

10 3.2 iJP rxn 8941 8941 Phosphatidylglycerol phosphate phosphatase (Ecoli)[c] : (50) H2O + Phosphatidylglycerophosphate (Ecoli) ** --> Phospatidylglycerol (Ecoli) ** + (50) Orthophosphate PP0520 Glycerophospholipid metabolism

...

15 3.401 iJP gene PP0520PP0520 <==> PA4050 with 82% identity PP05203.1.3.27 ; pgpA phosphatidylglycerophosphatase A

...

20 3.60121st PP match PA4050 PA40503.1.3.27 ; pgpA phosphatidylglycerophosphatase A

...

24 3.60132nd PP match PP0520 PP05203.1.3.27 ; pgpA phosphatidylglycerophosphatase A

...

27 3.8506PGPPH_PA 9991PA4050 9991 Phosphatidylglycerophosphate phosphohydrolase[c] : h2o + (0.02) pglyp_PA --> (0.02) pg_PA + piclass 2Membrane Lipid Metabolism

...

32 4

1

2 tobin #rxn namestoichiometry genes subsystem

...

6

7 tobin #rxn namestoichiometry genes subsystem

11

12 gene locusEC# gene name alt nameannotated function

...

16

17 gene locusEC# gene name alt nameannotated function

21

25

26 tobin #rxn namestoichiometry genes subsystem

28

Reaction 2 

reconciliation data

Reaction 3 

reconciliation data

 Extraneous rows

Reaction 1 

reconciliation data

a.

b.



	Figure 4. Technical setup of reconciliation sheets.  The key to generating these excel sheets is the inclusion of two index columns, labeled ‘index1’ and ‘index2’ in the figure.  (a) shows the figure sorted by index1, and (b) shows the figure sorted by index2.  In (a), various fields relevant to reconciling the reactions are separated from each other, and new fields can be added or new information added to fields easily for many reactions or genes at once.  By resorting the table by index2, all of the fields for a given reaction group together, and each reaction to be reconciled (along with all of its auxiliary data) is separated by a bold orange row.  This is a functional arrangement of data which can be used for reconciling reactions.


II. Categories of Changes made during reconciliation
Changes made to the metabolic GENREs of P. aeruginosa and P. putida as a result of the reconciliation were categorized into a number of categories that are grouped into four meta-classes, as shown in Figure 2b (main text) and described in Results (see Results section: “Assessing the impact of reconciliation on the reconstructions”).  This section of the supplement describes the classes of changes, and gives some illustrative examples to explain how the classes relate to the biology of the GENREs.
(i) “No change” meta-class

The ’no change’ meta-class constitutes by far the largest group in either reconstruction. In approximately four-fifths of these conserved reactions the GPRs remained identical to the original reconstructions, while the remainder of the reactions required a modification of the GPRs to establish consistency between both reconstructions. These GPR changes have no direct influence on purely metabolic (i.e. flux) predictions, but they may influence analyses that incorporate modifications of the genetic status of the cell. For instance, if one of two putative isozymes was removed from a reaction during reconciliation, then the pre- and post- reconciliation GENREs would display different phenotypes in the case of an in silico knockout of the remaining gene. Therefore, these GPR changes are important for the accuracy of the reconstructions particularly in cases of single and multiple in silico gene knockouts.

(ii) “Added” meta-class

The ‘added’ meta-class is the second largest group of reaction changes. The majority of reactions in this meta-class were added to one reconstruction to account for functions that had been initially present only in the other reconstruction, but that turned out to be associated with reciprocally present genes. These additions were generally secondary functions or stoichiometries of certain enzymes, which might have been included in one organism but not in the other. In addition to reactions added for this reason, certain pathways or reactions were added that had been left out from one of the original reconstructions (e.g., fatty acid oxidation and some virulence pathways, which were initially reconstructed only in P. putida and P. aeruginosa respectively). Standardization of these processes between the two reconstructions generally meant adding reactions to the model for which these processes were not originally reconstructed, if the relevant genes were present. 

(iii) “Removed” meta-class

Reactions removed from the respective reconstruction (the ‘removed’ meta-class) make up less than ten percent of the original reconstructions. Similarly to the ‘added’ meta-class, these functions were generally removed because a function or stiochiometry was not confirmed or was denied by the annotation of the reciprocal genes, or the re-evaluation of the available information contradicted the original decision. Furthermore, the model cleanup performed during the reconciliation process resulted in removal of several reactions from the reconstructions due to redundancy. This was the case, for instance, for some ‘lumped’ reactions whose stoichiometries were identical to the sum of several other reactions that were also present in one of the reconstructions.

(iv) “Minor change’ meta-class

The ‘minor change’ meta-class is the most disparate meta-class. It makes up approximately twelve and eight percent of the P. aeruginosa and P. putida reconstructions, respectively. This class represents reactions whose functions were preserved in the reconstructions, but for which some change was made in the implementation of the functions. These changes can be grouped into five types. The first is a change in reversibility. Since reaction reversibility is often based on vague or incomplete thermodynamic evidence, the reconciliation process involved aligning reversibility of reactions that were otherwise identical given the evidence available for both organisms. The second sub-class is ‘function neutral stoichiometry change.’ Many reactions involve cofactors or donors of different functional groups (e.g. amino group), yet it is often difficult to guess from the annotation which cofactor or donor is used by a particular enzyme. Therefore the most probable stoichiometry was adopted for both reconstructions in the case where the reactions were catalyzed by reciprocal genes. The ‘function reimplementation change’ subclass–the third type–contains reactions involved in metabolic functions that were realized differently in the initial reconstructions, despite similar or identical functions. An example of such a difference is ‘2-oxoglutarate dehydrogenase,’ which converts succinyl-CoA into 2-oxoglutarate. This reaction is catalyzed by an enzymatic complex and is a multi-step reaction, in that it produces a number of transient intermediates during the enzymatic process. Consequently, this enzymatic function can be represented in a reconstruction by either single (lumped) reaction or four reactions acting together, yet it still performs the same enzymatic function. As this function was implemented differently in the two initial reconstructions, appropriate changes needed to be made to avoid the existence of apparent (but non-functional) differences. The last two types, namely ‘reimplementation of organism-specific reactions’ and ‘reimplementation of full pathways,’ contain reactions that were modified based on new information pertaining either to the exact composition of compounds in the organisms or to the mechanisms of certain pathways that became available after the initial reconstructions were published. In this reconciliation, the ‘reimplementation of full pathways’ category included reconstruction of phospholipid synthesis pathways and the production of lipopolysaccharide (LPS). The synthesis of LPS was re-implemented completely based on a publication [1] that appeared after the original reconstruction process had been finished.

III. Re-examination of the in silico LB medium

LB medium does not contain cysteine but rather cystine, a dimerized form of the amino acid [2]. For the initial validation of iMO1056, cysteine was not included in the in silico LB medium. However, we guessed that P. aeruginosa might be able to consume cystine either directly or through proteolysis of the amine bond. Therefore, to investigate the composition of the in silico LB medium, iMO1086 was grown in silico on rich medium with cysteine present. The inclusion of cysteine caused the improvement of the call of six genes to improve (FP→TN conversion) and none to worsen when compared to the analysis of the reconciled reconstruction using the original medium (see Table 10 in Text S1). The inclusion of three nucleotides (see Methods) caused further improvement of the calls for four genes (FP→TN) with a concomitant worsening of the call of a single gene (TP→FN), as shown in Table 10  in Text S1. These alterations to the in silico LB medium increased accuracy of iMO1086 to 85%, confirming that sources of purines and pyrimidines as well as L-cysteine were likely present in the LB medium used for the genome-wide transposon studies, and thus should be included in the in silico rich medium.

IV. Analysis of changes in yields
In order to assess how the reconciliation process affected the yield predictions of the reconstructions, flux balance analysis (FBA) simulations were performed for growth of the original and the reconciled reconstructions. The in silico maximal yield determined on glucose minimal medium was used as a metric to describe efficiency of the metabolic networks. To compute in silico maximum yield, FBA simulations were performed with the Non-Growth-Associated Maintenance (NGAM) parameter set to zero (thus allowing all carbon uptake to be channeled into biomass production) and the Growth-Associated Maintenance (GAM) set to the same value as in the respective original reconstruction (GAM is modeled as a hydrolysis of ATP as part of the biomass equation) [3]. For both the P. putida and P. aeruginosa reconstructions, maximal yield increased as a result of the reconciliation (see Table 7 in Text S1). In the P. putida reconstruction this increase was two and a half times as large (9.4%) as that seen in the P. aeruginosa reconstruction (3.6%), an increase that indicates that more efficiency was gained via reconciliation-derived changes in the P. putida model than in P. aeruginosa. This increase in yield can be explained partly by an increase in efficiency of the oxidative phosphorylation pathway from the reconciliation process. Specifically, the in silico P:O ratio increased in both reconstructions from 1.5 to 1.875. In the P. aeruginosa reconstruction, the increase in maximal yield can be completely explained by the increased P:O ratio. In fact, removing the effects of changes in the P:O ratio, the maximal yield in the reconciled P. aeruginosa reconstruction is actually slightly lower (by 3%) than that of the original reconstruction, a decrease in yield that was partially (one third) caused by the change in the stoichiometry of the 2-ketogluconate transporter (exchanging simple diffusion with proton symport), through which the uptake of glucose (after converting it extracellularly to gluconate) proceeded. In the P. putida reconstruction the increase of P:O ratio was responsible for around three-fourths of the increase in yield (see Table 7 in Text S1). It is worth noting that while both P. aeruginosa reconstructions use the same biomass composition, the reconciled P. putida reconstruction uses a slightly modified biomass composition that was experimentally determined (Puchalka et al, in preparation). Reversion of the P. putida reconstruction to the original (pre-reconciliation) biomass composition and P:O ratio brings the yield of the reconciled GENRE to within 0.5% of the yield of the original reconstruction, indicating that these two factors dominate the changes observed in yield. Even together with the increase in P:O ratio, however, the changes to maximal yields were small when compared to the accuracy of feasible experiments for determining yield. 
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