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Metabolic research in Drosophila
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Metabolic pathway resources for Drosophila
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Metabolic pathway resources for Drosophila (Nov 2023)

KEGG Reactome | BioCyc (FlyCyc)
# fly pathways 88 ~200 227
# fly genes 1,285 1,177 972
Method Orthology | Orthology | Functional annotation
Last updated n/a n/a ~15 years ago
Integrated with FlyBase? @ No No No

- Difficult to compare

- When do so, there are significant discrepancies

KEGG REACTOME

BIOCYC

- None are based on current functional (GO) data in FlyBase



Metabolic annotation using the Gene Ontology (GO)

Three aspects of the GO: GO terms include cross-references:

- Molecular Function (MF) id: GO:0017057
e.g. 6-phosphogluconolactonase activity (GO:0017057) name: 6-phosphogluconolactonase activity
xref: EC:3.1.1.31

- Biological Process (BP) xref: RHEA: 12556

e.g. pentose-phosphate shunt (GO:0006098)

- Cellular Component (CC) id: GO:0006098
e.g. cytosol (GO:0005829) name: pentose-phosphate shunt
xref: KEGG_PATHWAY:map00030

xref: Reactome:R-HSA-71336
xref: MetaCyc:PENTOSE-P-PWY

Therefore, we can use the GO to annotate metabolic genes, build pathways, and
improve & inter-relate existing resources.



http://flybase.org/reports/GO:0006098
http://flybase.org/reports/GO:0006098

Aim: Produce a high-quality, manually reviewed metabolic
pathway resource for Drosophila

New
experimental U_ncurated
literature
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enzyme GO-MF Re-compute Curated GO-

KEGG
annotations FlyCye TalE pathways
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GO-CAMs at
FlyBase and
Alliance

Update FlyCyc




Summary of enzyme annotation review (FB2023 06)

Select enzyme (sub)class
(~100 genes)

l

Collate all known/predicted
Drosophila enzymes

Evaluate and cross-check
annotations/assertions

Summary statistics

# genes reviewed ~4,500
# verified as enzyme-encoding ~3,750
# non-enzyme-encoding ~700

# newly annotated enzymes in FlyBase | ~500

Improve GO annotations and
produce list of verified enzymes

@ oxidoreductase activity (GO:0016491)

@ transferase activity (GO:0016740)
hydrolase activity (GO:0016787)

® lyase activity (GO:0016829)

@ isomerase activity (GO:0016853)

@ ligase activity (GO:0016874)

primary active transmembrane
transporter activity (GO:0015399)



Enzyme improvements in FlyBase

General Information |
Symbol Dmel\Pfk Species D. melanogaster
Name Phosphofructokinase Annotation Symbol CG4001
Feature Type protein_coding_gene FlyBase ID FBgn0003071
Gene Model Status Current Stock Availability
Enzyme Name (EC) 6-phosphofructokinase (2.7.1.11)

= Molecular Function (6 terms)

Terms Based on Experimental Evidence (1 term)
CV Term [ Evid References
enables 6-phosphofructokinase activity ‘ inferred from mutant phenotype ( Currie and Sullivan, 1994)

= Biological Process (6 terms)

Terms Based on Predictions or Assertions (4 terms)

CV Term Evidence References
involved_in canonical glycolysis inferred from biological aspect of ancestor (Gaudet et al., 2011)
with PANTHER:PTN000344216
= Cellular Component (2 terms)
Terms Based on Predictions or Assertions (2 terms)
CV Term Evidence References
part_of 6-phosphofructokinase complex inferred by curator from G0O:0003872 ( Currie and Sullivan, 1994)
inferred from biological aspect of ancestor (Gaudet et al., 2011)
with PANTHER:PTN000344216
located_in cytoplasm inferred from electronic annotation with (InterPro Project Members, 2004-)
InterPro:IPR009161
Gene Group (FlyBase) CARBOHYDRATE KINASES I
a ic ea) 6-phosph i ivif
ATP + beta-D-fructose 6-phosphate = ADP + beta-D-fructose 1,6- bisphosphate + H(+) (2.7.1.11)
RHEA 16109:
ATP B-D-fructose 6- ADP B-D-fructose 1,6- H*
phosphate " bisphosphate




Enzyme improvements in

QuickSearch

Human Disease  Protein Domains =~ Gene Groups Pathways GO  Data Class

Search FlyBase Homologs GAL4 etc  Expression Phenotype References

Search using a gene or Gene Group symbol, name, synonym or ID: (®  Search
You
Enter text: ENZYMES

Alternatively, browse all Gene Group reports

S

Note: Wild cards () can be added to your search term

FB2024_01, released February 22, 2024

« ENZYMES (EN2)
o HYDROLASES (HYD)
= ACID ANHYDRIDE HYDROLASES (AAH)
= ACYLPHOSPHATASES (ACYP)
= ADP-RIBOSE DIPHOSPHATASES (ADPRASE)
= DINUCLEOTIDE PHOSPHATASES (NT-PP)
» NUCLEOSIDE DIPHOSPHATE PHOSPHATASES (NDPASE)
= NUCLEOSIDE TRIPHOSPHATE DIPHOSPHATASES (NTPDPASE)
» NUCLEOSIDE TRIPHOSPHATE PHOSPHATASES (NTPASE)
= ATPASES (ATPASE)
= ATP-BINDING CASSETTE TRANSPORTER-LIKE - NON-TRANSPORTING (ABC-NT)
= ABCE ATP-BINDING CASSETTE TRANSPORTER SUBFAMILY (ABCE)
= ABCF ATP-BINDING CASSETTE TRANSPORTER SUBFAMILY (ABCF)
ATP-DEPENDENT DNA DAMAGE SENSORS (DDS)
= MUTL ATPASES (MUTL)
= MUTS ATPASES (MUTS)
= RAD51-LIKE ATPASES (RAD51)
ATP-DEPENDENT FE-S CLUSTER CHAPERONES (FCC)
ATP-DEPENDENT PROTEIN FOLDING CHAPERONES (PFC)
= ATYPICAL HEAT SHOCK PROTEIN 70 CHAPERONES (HSP70-A)
= HEAT SHOCK PROTEIN 60 CHAPERONINS (HSP60)
= CHAPERONIN CONTAINING TCP-1 COMPLEX (CCT)
= HEAT SHOCK PROTEIN 60 CHAPERONINS - GROUP | (HSP60-I)
= HEAT SHOCK PROTEIN 70 CHAPERONES (HSP70)
= HEAT SHOCK PROTEIN 90 CHAPERONES (HSP90)
= HEAT SHOCK PROTEIN 100 CHAPERONES (HSP100)
DISLOCASES (DISL)
N-ETHYLMALEIMIDE-SENSITIVE FACTORS (NSF)
RFC COMPLEX ATPASES (RFC-ATPASE)
SNF2-LIKE CHROMATIN REMODELERS (SNF2)
STRUCTURAL MAINTENANCE OF CHROMOSOMES GENE FAMILY (SMC)
= UNCLASSIFIED ATPASES (ATPASE-U)
GTPASES (GTPASE)

~——» Gene Group List

-lyBase

General Information

Description

PYRUVATE KINASES D. melanogaster
Symbol PYK FIyBase ID FBgg0001264
Date last reviewed 2023-09-18 Number of 6
members

Pyruvate kinases catalyze the transfer of phosphate group, usually from ATP, to a pyruvate substrate molecule.

Notes on Group

The are six paralogous genes encoding pyruvate kinase in D. melanogaster: expression of PyK is ubiquitous, whereas
expression of CG7362, CG2964, CG11249, CG12229 and CG7069 is restricted to the testis.

Source Material

Molecular Function

The PYRUVATE KINASES Gene Group has been compiled using the following publication(s): Heidarian et al., 2023 .

pyruvate kinase activity

Bi Process

Enzyme name (EC)

Parent group(s)

For all members:

Cellular Component

pyruvate kinase (2.7.1.40)

PHOSPHORUS-CONTAINING GROUP TRANSFERASES

View Orthologs Export to HitList & Export to Batch Download

+
Gene Symbol Gene Name Also Known As Source for
CG2964 (Heidarian et al., 2023, FlyBase, 2017-)
CG7069 (Heidarian et al., 2023, FlyBase, 2017-)
CG7362 (Heidarian et al., 2023, FlyBase, 2017-)
CG11249 (Heidarian et al., 2023, FlyBase, 2017-)
CG12229 (Heidarian et al., 2023, FlyBase, 2017-)

Pyruvate kinase (Heidarian et al., 2023, FlyBase, 2017-)

Other msoume(s)

Synonyms and Secondary IDs

References (3)

~750 enzyme gene group reports



Update FlyCyc

ULENONL CHIQREIELEREY  Current Database: Drosophila melanogaster

@BIOCYC

Search in Current Database: |L

gene, protein

pathway.

y of Di e, I

g , version 27.5
Tier 2 Curated Database

Database Authors: Steven J Marygold'
FlyBase

Summary:
FlyCyc is a Pathway/Genome Database (PGDB) of the model organism Drosophila melanogaster, based on data from FlyBase, release FB2023_06
(December 2023). Functional information is derived from Gene Ontology (GO) annotation of D. enzymes and The genome
sequence is the Release 6 assembly provided by the BDGP, with gene model annotations provided by FlyBase. The PGDB was generated by the
PathoLogic [1, Karp11, 2] component of Pathway Tools software version 27.5 and MetaCyc version 27.0 on 26-Nov-2023. The FlyBase work is primarily
supported by NIH awards U41HG000739 and 1R01DK136945-01.

Taxonomic Lineage: cellular organisms, Eukaryota, O Metazoa, Bilateria, P poda, %
Mandibulata, Pancrustacea, Hexapoda, Insecta, Dicondylia, Pterygota <insects>, Neoptera, pterygota, Diptera,
c D D D Drosophila <flies,genus>,

group, subgroup, Drosophila melanogaster

Synonyms: vinegar fly, pomace fly, Drosophila

Unification Links: NCBI-Taxonomy:7227

Replicon [Total Genes [Protein Genes [RNA Genes [Pseudogenes [Size (bp) INCBI Link
[chromosome 3R 4226 3421 761 44| 32,079,331  RefSeq:NT_033777.3
[chromosome 3L 3482 2,739 702 41] 28110227  RefSeq:NT 0374364
chromosome 2R 3649 2,852 747 50( 25,286,936  RefSeq:NT 0337784
chromosome X 2704 2,196 434 74| 23542271  RefSeqNC_004354.4
2L 3508 2,657 799 52| 23513712  RefSeq:NT 0337795
[chromosome Y 13 2 28 62| 3,667,352 RefSeqNC_024512.1
chromosome 4 114 80 27 7[ 1,348,131 RefSeqNC_004353.4
lunmapped scaffold 8 2 2 0 0 88,768|RefSeq:NW_007931083.1
DNA 21 0 16 5[ 76,973|RefSeq:NW_007931121.1
Imitochondrion genome 37 13 24 0 19,524|  RefSeq:NC_024511.2
[Total [ 17.858] 13,983 3,538 335 137,733,225
Ortholog data available? [No
Genes: 17,856 | SmartTable || Ontology |
Pathways: 290 SmartTable | | Ontology |
[Enzymatic Reactions: | 2,118
[Transport Reactions: | 30 Ontology
13,983 | SmartTable || Ontology |
IProtein C 0| SmartTable || Ontology |

[Enzymes: 2,318 SmartTable |
Transporters: 247 SmartTable |
ICompounds: 1,475 | SmartTable || Ontology |
tRNAs: 312 Ontology
IGO Terms: 91,040 Ontology

Cellular Overview for: Drosophila melanogaster

z‘z Trrrrer o YR
) 1,T':.} e % :
P
i
4 '
il
‘ i ol R -
§8 7Y gene enzyme T —
; ;“ it | aay astray | %2 Add to SmartTable |
g'};:;-{-: B Drosophila melanogaster Provide Feedback | [1wE3
fites
H i L}"" Synonyms 0423/14; CG3705; anon-WO0172774.117; 3-phosphoserine phosphatase; astray; 24661601; Aay
1l i1y Accession IDs FBGN0023129 (FlyCyc) Length 1529 bp
i s FBgn0023129 =
E IR QOVSY6 (UniProt) Map Position [9,42.3,253 ->u:,424.781] (33,531:_ View in Gom‘amww]
Oac

L(or D)-O ine + Hy0 + H"

O-phospho-L-serine + H,0 — L-serine

Pathway L-serine biosynthesis |
GO Tems (1) Rescions ) _ Gene

Gene-Reaction Schematic @

3.1.3.3 : L{or D)-O-phosphoserine + H.
3.1.3.3 : O-phospho-L-serine + H,0 ->.

Ops’|

w2 Add to SmartTable Dr i P y

("Show Predicted Enzymes % ) Detail Level: (Al compound structures %)

11198 9
S L, : -
’ ] 7N 10

3-phosphooxypyruvate
)

o
3-phospho-D-glycerate NAD NADH
"

-}
o ca118e l Lglutamats

AL

o
2-0xoglutarate

Ophospho-L-serine
If an enzyme name is shown n bold, there is experimental evidence for this enzymatic activty.
BioCyc ID: SERSYN-PWY

is — Amino Acid is — ic Amino Acid — L-serine

Pathway Summary from MetaCyc:
About This Pathway

L-serine biosynthesis is a major metabolic pathway in many organisms. Its end product, L-serine, is not only used in protein
synthesis, but also as a precursor for the biosynthesis of glycine, cysteine, tryptophan, and phospholipids. In addition, it directly or
indirectly serves as a source of rbon units for the bi is of various

In the pathway described here, which operates in archaea [Helgadottir07), bacteria [Ho01], yeast, some protists, plant plastids
and animals, serine s derived from 3-phospho-D-glycerate, an intermediate of glycolysis.

Regulation of the pathway is mainly accomplished by feedback inhibition of the enzyme that catalyzes the first committed step,
EC 1.1.1.95, phosphoglycerate dehydrogenase. The second enzyme in the pathway, EC 2.6.1.52, phosphoserine transaminase,
requires pyridoxal 5-phosphate (PLP) as a cofactor and is also required for the biosynthesis of PLP itself. Thus the cell must
ensure that the supply of PLP is adequate. Little biochemical work has been done on the final enzyme of the pathway, EC 3.1.3.3,
phosphoserine phosphatase.



Updated FlyCyc links at FlyBase

FB2024_01, released February 22, 2024 Gene: Dmel\Pfk
& Pathways

@

FlyCyc Pathways - Pathways from a BioCyc PGDB for Dmel
glycolysis Il (from glucose) homolactic fermentation




GO-Causal Activity Models (GO-CAMSs)

e Manually curated models connecting individual GO annotations to form

pathways
e Tissue/context-specific pathways
e Actively in use by Model Organism Databases and UniProt
e Already available at the Alliance of Genome Resources website

; ~  Mdh1 Dmel G -
= . Pepck1 Dmel .~ EnoDmel
& phosphopyruvate hydratase

L-malate dehydrogenase activity phosphoenolpyruvate

carboxykinase (GTP) activity activity
has i S)-malate(2-
(S)-malate(2-) m B nasinpt &) oxaloacetate(2-) nasinpt &) phosphonatoenolpyruvate
nasouput  oxaloacetate(2-) oxmloacetatold:} phosphonatoenolpyruv 2.
nasouput &) phosphonatoenolpyruvate ate R &phosphonato-
partof & gluconeogenesis . !
part of gluconeogenesis part of &) gluconeogenesis

QCCUrS In cytosol
occurs in osol occurs in osol
cyt cyt



Metabolic Pathways at the Alliance and FlyBase

Pathways @ General Information
Name Gluconeogenesis # members
Pathway (1) W - Description
Description Gluconeogenesis results in the formation of glucose from
Available GO-CAMs: noncarbohydrate precursors, such as pyruvate, amino acids and
Pent shunt 1 (Mouse) 4
glycerol.
Pentose-phosphate shunt 1 (Mouse POPIR | processes and Activites References :
Key GO term gluconeogenesis
Trehalogenesis
beta-D-fructofuranose 6-phosphate(2-)
lacate L-An
ol b 4w et gt
NADPH(4-) NS unique to gluconeogenesis
] " trehalose glycogen
H EYRAEE onap e ”
I \
pentose-phosphate shunt, oxidative branch coz | —l c@fn"-,’ﬁ Fr16P, — FrubP ——» Glc-6P
S At
Gépd2 Mmus oot Dict .
v v > GA3P MFS16
lucose-6-phosphate dehydrogenase activity e i —GloSP
8l -6 od
NADPH(4-) won | o = — | -
hasoutput NADPH(4-) oA~ - pep -
G6pd2 Mmus E o
o pentose-phosphate shunt, oxidative
FREE branch
Gene symbol GO Molecular Function EC# Refs
G6pdx Mmus -
Taldo1 Fbp fructose 1,6-bisphosphate 1- EC:3.1.3.11 Refs....
glucose-6-phosphate dehydrogenase activity phosphatase activity
Gopdxhmis EE Pcb pyruvate carboxylase activity EC:6.4.1.1 Refs....
occursin cytosol EE etc
kot pentose-phosphate shunt, oxidative EE Metabolites
branch
o anbose phoaphata shink Name CHEBI ID Other pathways
hasoutput NADPH(4-) pyruvate CHEBI:15361 TCA cycle
beta-D-fructofuranose .
’ 6-phosphate(2-) } oxaloacetate CHEBI:16452 TCA cycle
Pgd Mmus etc
Relation Types > Positive regulation External links
) ) Negative regulation
Direct regulation 1 GO-CAM FlyCyc Reactome KEGG
= = = = Indirect regulation @] Positive or negative effect unknown
»®  Provides substrate for References



http://flybase.org/reports/GO:0042132
http://flybase.org/reports/GO:0042132
http://flybase.org/reports/GO:0004736
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