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Apoptosis and disease: a life or death decision.
EMBO Rep. 2004 Jul:5(7):674-8. Epub 2004 Jun 25.
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Reactome - a curated knowledgebase of biological pathways
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DiA Replication Electron Transport Chain Epidermal Growth Factor Receptor (EGFR) signaling Fibroblgst Growth Factor Receptor [FGFR) signaling
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The Rezctome project is a collaboration emong Cold Spring Harbor Laborazory, The +« February 28, 2007: Version 20 Releasad
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maintaired by the Rezdome editodial saff, and cross-efzrenced with the szquence lipid unde” metabolic pathways. Additonal events far HV REV protein interacticns, anc Influenza
catabaszs at \CBI, Ensembl and UniPrat, the UCSC Genome Browser, HapMag, virus RNP assembly have been added to conesponding infectious disease pathways. Updated

KEGG (Gene and Cuorrpounc ), ShEBI, PubMed and ST Inaddilon o curdled urman evenls inflemed
orhologous evznis in 22 non-human species including mouse, rat, thicken, zebra fish, worm, fy,
yeast two plants and E.cali are also available.
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Reactome - a curated knowledgebase of biological pathways
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Integration of pathways involved in energy metabolism [Homo sapiens]
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[=] Details

ooen to selected Integration of pathways involved in energy metabolism
T open all cloze all

event

REACT_1305.1
Gopinathran, G, O'Eustachio, P, 2005-05-11
Rush, MG, 2005-09-10

[=-+4, Integration of pathways involved in energy n 4
---r"+’. zlucagon signaling in metaholic requlatio
Lomedisted nhn arvlation of kev me
E :::;L”:E ._ffl._aitg|:fl||-lr._5;3::!-.l_'|r5|a|t':t|':-.l_5]|cglf mILT Many hormones that affect individual physiological processes including the regulation of appetite, absorption, transpor,
e and oxidation of foodstuffs influence energy metabolism pathways. While insulin mediates the storage of excess
- Activation of PP24 by Xylulose-S-phosphat ||| nutrients, glucagon is involved in the mobilization of eneragy resources in response to low blood glucose levels,
---ui AMP inhibits the activation of fatty acid met principally by stimulating hepatic glucose output. Small doses of glucagon are sufficient to induce significant glucose
...,‘-4: PP24-mediated dephosphorylation of key « | elevations. These hormaone-driven regulatory pathways enable the body to sense and respond to changed amaounts of

¢ ' 3 nutrients in the blood and demands for energy.
lucagon and Insulin act through various metaholites and enzymes that target specific steps in metabolic pathways for

sugar and fatty acids. The processes responsible for the long-term control of fat synthesis and shart term contral of
glycalysis by key metabolic products and enzymes are annotated in this module as six specific pathways:
Pathway 1. Glucagon signalling in metabolic pathways: In response to low blood glucose, pancreatic alpha-cells




open to selected open all cloze all

event

[J-«5, Integration of pathways involved in energy n A
---vi iGlucagon signaling in metabolic regulatio
---ui PKA-mediated phospharylation of key met
---vi Insulin effects increased synthesis of Xyl
----- = Activation of PP24 by Xylulose-5-phosphat
---vi AMP inhibits the activation of fafty acid met =
---vi PPZA-mediated dephasphorylation of key v

L | >

Integration of pathways involved in energy metabolism
REACT_1505.1
Gopinathrao, G, D'Eustachio, P, 2005-05-11
Rush, MG, 2005-09-10

Many hormones that affect individual physiclogical processes including the regulation of appetite, absorption, transport,
and oxidation of foodstuffs influence energy metabolism pathways. VWhile insulin mediates the storage of excess
nutrients, glucagon is involved in the mobilization of energy resources in response to low blood glucose levels,
principally by stimulating hepatic glucose output. 3mall doses of glucagon are sufficient to induce significant glucose
elevations. These hormone-driven regulatory pathways enable the hody to sense and respond to changed amounts of
nutrients in the blood and demands far energy.

Glucagon and Insulin act through various metabolites and enzymes that target specific steps in metaholic pathways far
sugar and fatty acids. The processes responsible for the long-term contral of fat synthesis and short term cantral of
glvcalysis by key metabolic products and enzymes are annotated in this module as six specific pathways:

Pathway 1. Glucagon signalling in metabolic pathways: In response to low blood glucose, pancreatic alpha-cells
release glucagon. The binding of glucagaon to its receptor results in increased cAMP synthesis, and Protein Kinase A
(PRA) activation.

Pathway 2. PKA mediated phosphorylationFKA phosphorvlates  key enzymes, e, G-Phosphofructo-2-
kinase /Fructose-2 6-hisphosphatase (PFEZK-Pase) at serine 36, and regulatary proteins, e.g., Carbohydrate Response
Element Binding Protein (ChREEBP? at serine 196 and threanine 666

Insulin mediated responses to high blood glucose will be annotated in future versions of Reactome. In brief the binding
of insulin to its receptor leads to increased protein phosphatase activity and to hydrolysis of cAMP by cAMP
phosphodiesterase. These events counteractthe regulatory effects of glucagon.

Pathway 3: Insulin stimulates increased synthesis of Xylulose-5-phosphate (Xy-5-P). Activation of the insulin receptar
results indirectly in increased Xy-3-F synthesis from Glyceraldehyde-3-phosphate and Fructose-G-phosphate. Xy-5-F, a
metabalite of the pentose phosphate pathway, stimulates protein phosphatase PP2A

Pathway 4: ANMP Kinase (AMPK) mediated response to high AMP:ATP ratio: In response to diet with high fat content ar
low energy levels, the cytosolic AMPATP ratio is increased. AMF triggers a complicated cascade of events. In this
module we have annotated anly the phosphordation of ChEEBP by AMPK at serine 568 which inactivates this
transcription factor,

Pathway 5: Dephosphorylation of key metabolic factors by PP2A; Xy-5-F activated FFP2A efficiently dephosphorylates
phosphorylated PF2K-Pase resulting in the higher autput of F-2,6-F2 that enhances FFK activity in the glycolytic pathway.
PPZ24 also dephosphaorylates (and thus activates) cytosolic and nuclear ChREBP.

Pathway 6 Transcriptional activation of metabolic genes by ChREBP: Dephosphorylated ChREBF activates the
transcription of genes invalved in glucose metabalism such as pyruvate kinase, and lipogenic genes such as acetyl-CoA
carboxylase, fafty acid synthetase, acyl CoA synthase and glyceral phosphate acyl transferase.

The illustration below summarizes this network of events. Black lines are metabolic reactions, red lines are negative
regulatory events, and green lines are positive regulatory events (figure reused with permizsion from Veech (2003) -
Copyright (2003) Mational Academy of Sciences, ULS.A). [Jiang & Zhang 2003, Kahashima et al 2003]



CalfdyT4se, TAty acld synthetdse, acyl LOoA synthase and glyCerol phasphate acyl Tansterase.

The illustration below summarizes this netwaork of events. Black lines are metabaolic reactions, red lines are negative
regulatory events, and green lines are positive regulatory events (figure reused with permission from Yeech (2003) -
Copyright (2003) Mational Academy of Sciences, U.5.A). [Jiang & Zhang 2003, Kabashima et a/ 2003]
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Veech, REL A humble hexose monophosphate pathway metabolite reguiates short- and long-term control of ipogenesis
2003 Proc Matl Acad Scill 5 A

Hardie, DG The AMP-activated profein kinase pathway--new players upstream and downstream 2004 J Cell S M

Jiang, G, Zhang, BB Glucagon and requlation of glucose metabaolizm 2003 Am J Physiol Endacrinol Metab w
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UniProtKE Entry

PIR View
P16118

ENTRY INFORMATION

ENTRY NAME F261 HUMAN
ACCESSION NUMBERS P16118; Q5JXS3; Q99951

Integrated into Swiss-Prot on | 1990-04-01

Sequence was last modified | 1997_11.01 (Sequence version 3)

Annotations were last - R
modified on 2007-02-20 (Entry version 83)

NAME AND ORIGIN OF THE PROTEIN
PROTEIN NAME 6-phosphofructo-2-kinase fructose- 2, 6-biphosphatase 1
Synonyms 6PF-2-K Fru-21.6-P2ASE liver isozvme

6-phosphofructo-2-kinase
EC27.1.105

Fructose-2 6-bisphosphatase

EC31346
Name: PFEFE]
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...,‘-4: PP24-mediated dephosphorylation of key & Elevations. These hormaone-driven regulatory pathways enable the body to sense and respond to changed amaounts of
¢ ' 3 nutrients in the blood and demands for energy.
lucagon and Insulin act through various metaholites and enzymes that target specific steps in metabolic pathways for
sugar and fatty acids. The processes responsible for the long-term control of fat synthesis and shart term contral of
glycalysis by key metabolic products and enzymes are annotated in this module as six specific pathways:
Pathway 1. Glucagon signalling in metabolic pathways: In response to low blood glucose, pancreatic alpha-cells
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_ Pathway 2.

REACT_1305.1
Gopinathrao, G, D'Eustachio, F, 2005-05-11

Rush, MG, 2005-09-10

Many hormanes that affect individual physiclogical processes including the regulation of appetite, ahsarption, transpor,
and oxidation of foodstuffs influence energy metabolism pathways. While insulin mediates the storage of excess
nutrients, glucagon is involved in the mobilization of energy resources in response to low blood glucose levels,
principally by stimulating hepatic glucose output. Small doses of glucagon are sufficient to induce significant glucose
elevations. These hormone-driven regulatory pathways enable the hody to sense and respond to changed amounts of
nutrients in the Blood and demands for energy.

izlucagon and Insulin act through various metabolites and enzymes that target specific steps in metaholic pathways for
sugar and fatty acids. The processes responsible for the long-term control of fat synthesis and short term contral of
glycalysis by key metabalic products and enzymes are annotated in this module as siv specific pathways:

Pathway 1. Glucagon signalling in metabolic pathways: In response to low Blood glucose, pancreatic alpha-cells
release glucagon. The hinding of glucagon to its receptor results in increased cAMP synthesis, and Protein Kinase &
(PRA) activation.

PEA mediated phosphorylation:PKA  phosphorylates  key  enzymes, e.g., 8-Phosphofructo-2-
kinase (Fructose-Z G-hisphosphatase (FFZK-Pase) at serine 36, and regulatary proteing, e.g., Carhohydrate Respanse

P Element Binding Protein (ChREBP) at serine 196 and threanine 666.

Insulin mediated responses to high blood glucose will be annotated in future versions of Reactome. In brief, the hinding
of insulin to its receptor leads to increased protein phosphatase activity and to hydrolysis of cAMP by cAMP
phosphodiesterase. These events counteract the regulatory effects of glucagon.

Pathway 3: Insulin stimulates increased synthesis of Xylulose-5-phosphate (Xy-5-P). Activation of the insulin receptar
results indirectly in increased Xy-5-P synthesis from Glyceraldehyde-3-phosphate and Fructose-G-phosphate. Xy-3-P a
metabolite of the pentose phosphate pathway, stimulates protein phosphatase PP2A

Pathway 4: AMP Kinase (AMPK) mediated response to high AMPATP ratio: In response to diet with high fat content or
low energy levels, the cytosolic AMPCATP ratio is increased. AMF trigoers a complicated cascade of events. In this
module we have annotated only the phaosphoriation of ChEEBP by AMPK at serine 568 which inactivates this
transcription factar.

Pathway 5: Dephosphorylation of key metabolic factors by PP2A: Xy-5-FP activated PP2A efficiently dephosphorylates
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Fructose-2 6-hisphosphatase

ATP + D-fructose G-phosphate == ADP + D-fructosw-hisphosphate [liver + muscle]
[Homao sapiens]
Phosphaorylation of PF2K-Pase by PEA catalytic subunit [Homao sapiens]

ATP + D-fructose G-phosphate == ADP + D-fructose 2 6-hisphosphate [liver + muscle]
[Homao sapiens]
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Activation of PP2A by Xylulose-5-phosphate [Homo sapiens]
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REACT 21771
Gopinathrao, G, 20058-05-14

#ylulose-5-phosphate binds o Protein phosphatase 2A (PP24A), activating it. This regulatary step may he the crucial
physiological link explaining the coordinately increased rates of glycolysis and lipogenesis generally ohserved in

individuals consuming high-carbohydrate diets. [Uyeda et al 2002, Kahashima et al 2003]
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Key data classes

PhysicalEntity

FhysicalEntities include individual molecules, multi-molecular complexes, and sets of molecules or complexes grouped together on the basis of shared characteristics.
Molecules are further classified as genome encoded (DMA, RMNA and proteins) or not (all others). Attributes of a PhysicalEntity instance capture the chemical structure of an
entity, including any covalent modifications in the case of a macromalecule, and its subcellular localization.

FhysicalEntity instances that represent, e.g., the same chemical in different compartments, or different posttranslationally modified forms of a single protein, share numerous
invariant features such as names, malecular structure and links to external databases like UniProt or ChEBI. To enable storage of this shared information in a single place, and
to create an explicit link amaong all the variant forms of what can also be seen as a single chemical entity, Reactome creates instances of the separate ReferenceEntity class. A
ReferenceEntity instance captures the invariant features of a molecule. A PhysicalEntity instance is then the combination of a ReferenceEntity attribute (e.g., Glycogen
phosphorylase UniProtP0OG737) and attributes giving specific conditional information (e.q., localization to the cytosol and phosphorylation on serine residue 14),

The PhysicalEntity class has subclasses to distinguish between different kinds of entities and to ensure data integrity while enabling different handling rules for different
categories:

EntityWithAccessioned5eguence - proteins and nucleic acids with known sequences.

GenomeEncodedEntity - 3 species-specific protein or nucleic acid whose sequence is unknown, such as an enzyme that has been characterized functionally but not yet
purified and sequenced, e.g., cytosalic triokinasze

SimpleEntity - other fully characterized molecules, e.g., nucleoplasmic ATP or cytosolic glutathione

Complex- a complex of two or maore PhysicalEntities, e.g., FASLFAS Receptor TrimerFADD complex associated with the plasma membrane

EntitySer - a set of PhysicalEntities (molecules or complexes) which function interchangeably in a given situation, e.g., Motch ligand associated with the plasma
membrane. This notation allows collective properties of multiple individual entities to be described explicitly.

CatalystActivity

FhysicalEntities are paired with maolecular functicns taken from the Gene Ontology maolecular function controlled vocabulary to describe instances of hiclogical catalysis. An
apticnal ActivelUnit attribute indicates the specific domain of a protein or subunit of a complex that mediates the catalysis. If a PhysicalEntity has multiple catalytic activities, a
separate CatalystActivity is created for each. This strategy allows the association of specific activities with specific variant forms of a protein or complex, and also enables easy
retrieval of all activities of a protein, or all proteins capable of mediating a specific molecular function.

Event

Events - the conversion of input PhysicalEntities to cutput PhysicalEntities - are the building blocks used in Reactome to represent all biological processes. At present, only two
subclasses of Event are recognized, Reaction and Pathway. A Reaction is an event that converts inputs to cutputs in a single step. A pathway is any grouping of related events.
An event may be a member of more than one pathway.



‘E Hime | About @ TOC | UserGuide DatalMadel Schema Extended Search PathFinder Skyainter Download | Linking | Citing Editorial Calendar Help

NGaapan dass attributes and N ﬂ

Find relsfionships

Reactome - a curated knowledgebase of hiological pathways

... [(I¢EeEE By tho o change thecoccie ook Bl orcrose sprci comparicon |

% \ 5y et
Ahe } VLI == YTRAK ot ba
S 7 AR It P VR SR e
o A i : i =it )
i W iy 1[;\] pAA T T A I | S
P{WH J'J I Hh W Q ’jl W Hll f\/g}‘\,;mgjwwt_g) 5 ] 1‘;—?" :l t‘ Jff i‘ 14 %& i
'rm I|J Mw Lhéw @{‘ f,[tg il ; (L " I'{J* : ]nkrw ] A P lIﬂﬂlﬂ
1'1”'? L?Hl‘ (LR mﬂ* i ‘J ;N\’\w 2 5 I C} : “ wuﬂjmumtmmw‘w
JERL T2 W KT 2w B S e Rl i L
b o -y i k‘ Nz ?“@ E w T (0 m R i -—Qw
1 5 x@" o Ll =L " 0 o
Raaction .‘.~|Experimmiajli,' confirmac raaction—}|ManuaI[y infarrad rsacinn—}|EI9ctmnicaIry inferrad lsac:ion—‘t|ljnk5dreacﬁune > =
Apoptosis Cell Cycle Checkpoints Cell Cyde, Mitotic JHA Repair
DHA Replication Electron Transpart Chain Epidermal Growth Factor Receptor (EGFR) signaling | Fibroblast Growth Factor Receptor (FGFR) sighaling
@Gap junction trafficking anc regulation Gene Expression HIV Irfection Hemostasis
Immune System signaling Influenza Infection Insulin receptor mediated signaling Integration of pathways. involved in enercy
metabolism
Maintenance of Telomeres Hetabolism of ﬁ'""?”.“'“s ind related nirogen- WMetabolism o’ carbohydrates Metabolism of lipids and lipoproteins
containing moecules
Netabolism of nuclectides Metabolism of porphyrins Notch Signaling Pathway Oxidative decarboxyation of pyruvate and TCA cycle
Pos-translational medificaticn of proteins Transforming Growth Factor (TGF) beta signaling Transcription Translaton

mRNA Processing Xenobiotic mefabolism



Home About | TOC User Guide

P

DatabeseObject [164618]
Affiliation [55]
Cetalystactiviy [6158]
ConcurrentEvent3et [3]
CeontrelledVocabulary [0]
| Delet=dControlledVocabulary [0]
Detabasedentifier [5280]
Domain [43]
ComplexDomain [1]
GenericComain [3]
SequenceDomain [£4]
Event [22521]
(7725 <——
Reaction [14796]
EviderceType [1]
Figure [314]
FrantFage [1]
GO_BologicaProcezs [652]
GO _CzllularCempaneat [10:3]
Compartmeni [35]
| EntityCompertment [35]
GO _MolecularFunction [§35]
InstanceEdit [§056]
LiteratureReference [2480]
WMedified Rzsidue [4225]
| ReplececResidue [1]
PathwayCoordingtes [30]
Perzon [7432]
PhysicalEntity [46421]
Complex [11324]
EntitySet [5552]
CandidateSet [254]
DefiredSet [5124]
Dpen3et [82]
GenomeEncodecEntty [28021]
| EntityWihAccessioned3equence [26432]
OtherEntty [302]
Patymer |31
SimpeEntity [1213]
ReactionCoordinates [14712]
ReferenceDalabaze [41]
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Data Model

Schema Extended Search PzthFinder SkyPairter Download Linking Ciing Editorial Zalencar Helo
Attributes of class 'DatabaseObject’

Attribute name Cardirality ~ Value type  Allowed cl A origin Value defines instance Db column type

DB_ID 1 INTERNAL_ID WA DatataseObject NTEGER(10) UNSIGNED
__is_ghost 1 OTHER NiA DatataseObject ENUM(TRUE)
_dizplaylame 1 TEXT HiA DatabazeObject TEXT
_timestamp 1 OTHER NiA DatataseObject TIMESTAMF

crealed 1 INSTANCE hatenceEdi DatataseObject NTEGER(10) UNSIGNED
modi‘ied + INSTANCE hatenceEdi DatataseObject NTEGER(10) UNSIGNED
stableldentifizr 1 INSTANCE Stableld=ntivier DatataseObject NTEGER(10) UNSIGNED

Sidebar onthe left shows the hierarchy of Reactome classes. The number of instences cf this class is shown insquare brackets and is hyperlinked io a
page listing allinstances inthis cless.

The main panel shows attributes of the selected class. Own attributes, i e. the ones which are not inherited from a parent class are indicated ir colour.
+in"Cardinaliy columnindicates thaithis is a mulii-value attribute.

“alue dzfines inslance’ column indicates the attibutes the va ues of which detzrmine instarce identity and a-e used to checkif an identical instance has
been stored inthe database alrzacy. "ALL" indicates that that all ofthe values of a civen attribute must be identical while 'ARY” shows thatidentity of any
sing e value of a given atribute s enough Ofcourse, ifthe identity is defined by multiple attrioutes each ofthem hasto maich.
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DatabaseObject [184512] Attributes of class 'Pathway’
Affiliation [56]
CatalystAcivity [6198]
ConcurrentEventSet [3] Attribute name Cardinality Valuetype  Allowed classes Db columr type
CaontrolledVocabulary [0] DB_ID 1 INTERNAL_ID  NiA INTEGER(10] UNSIGHED
I DeletedControlledVocabalary [0] __i= ghast 1 OTHER MiA, ENUK{TRUE
Databaseldentifier [5260] _dizplayName 1 TEXT NiA ct TEXT
Domain [48] _doMotReleaze 1 OTHER NI Event ENUM(TRUE, FALSE)
ComplexDomain [1] _timeztamp 1 OTHER MEA DatabaseObject TIMESTAKMP
GenercDomain [3] authored 1 INSTANCE netarceEdit Event INTEGER{10) UNSIGHED
SequenceDomain [44) catalystactivity + INSTANCE Event INTEGER(10] UNSIGHED
Event [22521] compariment + INSTANCE Event INTEGER(10] UNSIGHED
Pathway [7725] crealed 1 INSTANCE 0 Object INTEGER(10} UNSIGHED
Reaction [14796] crossReference + INSTANCE Event INTEGER(10" UNSIGHED
EvidenceType [1] definition 1 TEXT Event TEXT
Figure [314 edited + INSTANCE Event INTEGER(10} UNSIGHED
FrontPage 1] evidencaType 1 INSTANCE Event INTEGER(107 UNSIGNED
G0_BiologizalProcess [692] figure + INSTANCE Event INTEGER{10) UNSIGNED
GO_Cellula-Component [103] goBiologicalProcezs 1 INSTANCE Event INTEGER{107 UNSIGNED
Compertment [55] hasComponent + INSTANCE Pathway ALL INTEGER{10] UNSIGHED
| EntityCompartment [36] inferred=rom + INSTANCE Event INTEGER(10] UNSIGNED
L input + INSTANCE Event INTEGER(10] UNSIGNED
GO_MoleclarF unction [33] literaureReference N INSTANCE Event INTEGER{10) UNSIGNED
InstanceEdt [6056] _ _ :
LitaratureRzference [248(] modified + INSTANCE DatabazeQbject INTEGER{10] UNSIGHED
MedifiedResidue [4225] name * TEXT Event TEXT
| ReplacedResidue [1: orthologousEvent + INSTANCE Event INTEGER(10} UNSIGHED
) output + INSTANCE Event INTEGER(10] UNSIGHED
lz:::‘;nﬂ’rig”zr]d'”ﬂtes 1301 precedingEvent + INSTANCE Event INTEGER{10] UNSIGHED
PhysicalEnty [46421] releazelate 1 OTHER Event date
Complex [11324] requiredinputComponent + INSTANCE Event INTEGER{10) UNSIGHED
EntitySet [5552] reviewed + INSTANCE Event INTEGER(10] UNSIGNED
CandidateSet [264] revised + INSTANCE Event INTEGER(10) UNSIGNED
LemziseiEie] species + INSTANCE Event INTEGER{10] UNSIGHED
g il stablsidentifier 1 INSTANCE Da g INTEGER(10] UNSIGNED
GenomeEncodedEntity [28021] summation + INSTANCE Event INTEGER{10) UNSIGNED
| EntityWithAccessionedSequence [26452)
ooy Referers of class 'Pathway’ instances
SimpleEntity [1213]
ReactionCoardinates [14712] Aftribute name Cardinality
Referencelatabase [41] IocatedEvent 1
ReferenceEntity [30129] catedEvent ;
PEEEERELLIE] locationContext 1
ReferenceMolecule [450] concurentEvents .
ReferenceMoleculeClss [3] frontPagetem .
ReferenceSequence [29485] o .
ReferenceDNASequence [8025] :::L:Eﬂ .
RzferencePeptideS=quence [197001 o
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Attributes of class 'DatabaseObject'

Attribute name Cardirality ~ Value type  Allowed classes Attrbute origin Value defines i Db type

DB_ID 1 INTERNAL_ID WA DatataseObject NTEGER({10) UNSIGNED
__ig_ghost 1 OTHER i, DatataseQbject ENUK(TRUE')
_dizplaytame 1 TEXT Hi& DatabaseObject TEXT
_timestamp 1 OTHER WiA, DatataseObject TIMESTAMF

crealed 1 INSTANCE heten ceEdil DatataseObject NTEGER(10) UNSIGNED
modi‘ied + INSTANCE hatenceEdil DatataseObject NTEGER(10) UNSIGNED
stablzldentifizr 1 INSTANCE Stableld=ntifier DatabaseObject NTEGER(10) UNSIGNED

Sidebar onthe left shows thz hierarchy of Reactome classes. The number of instences cfthis class is shown in square brackets and is hyperlinked tz a
page listing allinstances in this clzss.

The main panel shows attributes of the selected class. Own attributes, i e. the ones whic are not inherited from a parent class are indicated ir colour.
“+' in'Cardinaliy’ columnindicates thal this is a mulli-value attribute.

“Value dzfines instance’ column indicates the attibutes the vaues ofwhich detzrmine instarce identity and a'e used to check if an identical instance has
been stored inthe dasabase alrzacy. "ALL indicates that that all of the values of a civen attribate must Ee identical while 'ANY" chows thatidentity of anv
sing e value of a given atribute s enough Ofcourse, ifthe identity is defined by multiple attrisutes each ofthem has to maich.
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Any |
u Full-textin boolean mode

_ Checkall | Uncheckall | Viewselectedinstances | s [listof aisplay names -]
I ™ ABHZ mediated Reversal of Alkylation Damage

: I ABHZ mediated Reversal of Alkylation Damage

I ™ ABH2 mediated Reversal of Alkylation Damage

: I 4BH2 mediated Reversal of Alkylation Damage

1T ABHZ mediated Reversal of Allylation Damage

: I ABHZ mediated Reversal of Alkylation Damage

1™ ABHZ mediated Reversal of Alkylation Damage

: I ABHZ mediated Reversal of Alkylation Damage

™ ABH3 mediated Reversal of Alkylation Damage

: I 4BH3 mediated Reversal of Alkylation Damange

'™ ABH3 mediated Reversal of Alkylation Damage

: I ABH3 mediated Reversal of Alkylation Damage

: I ABH3 mediated Reversal of Alkylation Damage

| 853 mesietss Reversl of Akylation Darmage

: I 4BH3 mediated Reversal of Alkylation Damange

| I ABH3 mediated Reversal of Alkylation Damage

' ™ Abortive elongation of HV-1 transcript in the absence of Tat

| |_ Acetaldehwyde is oxidized by MAD+ to form acetate, MADH, and H+
' ™ Acetaldehyde is ovidized by MAD+ to form acetate, NADH, and H+
I |- Acetaldehwde is oxidized by MAD+ to farm acetate, MADH, and H+
' |_ Acetaldehyde is oxidized by MAD+ to form acetate, MADH, and H+
I |_ Acetaldehyde is oxidized by MAD+ to form acetate, MADH, and H+
I™ Acetaldehvde is oxidized by MAD+ to form acetate. NADH. and H+




Full-test in boolear mode

Pattmian 2£8047

ABH3 mediated Revarsal of Alkvlaton Damage
20070222130753

[Comparment:382] nLcleus

[InstanceEdit255821] Schmidt, EE

[EvidenceType: 203113 inferred byelectraric arnatation
[GO_RinlocicalProcess: 1 76T 2] DM dealklation

m [Rzaction:288263) Oxidative demethylation of 1-Med Jamaged DA By ABH3 [Meurospora crassa)
B [Rzaction: 299:63) Oxidative demethylation of 3-Mec damaged DA By ABH3 Meu-ospora crassa]
m [Faaction:258261] Owidative demethylation of 1-Et4 damaned DMA By ABH3 [Meurospora crassa]

m [Pathway: 1121 26]) ABH3I mediated Revessal of Alkylaion Damane [Homo sapiens]

ABH3 mediated Revarsal of Alkylaton Damage

m [Fatway112126) ABH3 mediated Revesal of Alkylaion Damage [Homo sapiens]
n [Pathway:2 11877] ZBH3 mediated Reversal of Alkylation Damage [Mus musculus]
m [Pathway:221642] IBH3 mediated Reversal of Akylation Damage [Rattus norvegicus]
m [Pathway:230235] IBH3 mediated Reversal of Akylation Damage [Gallus gallus]
m [Pathway:23827 3] ZBH3 mediated Reversal of Alkylation Damage [Tetracdon nigroviridis]
B [Pathway 2530571 A3H 2 mediated Reviersal of 4 ldation Damage [NeUras00rs crassa)
m [Pathway:268388] IBH3 mediated Reversal of Mkylation Damage [Thalassiesira pseudonanal
m [Pathway:293716] IBH3 mediated Reversal of Mkylation Damage [Mycolacterium tuberculosis]

[Speces17ATA6] Meurospara crassa

[Summation203111] "his event hes beencamputationally inferred fram an eventt...

[Fattrway: 2591 69] Reversa of Alkylation Damace By DA Dicsgenases [Meurispors crassal

[Fathmway:112126] ABH3 mediated Reversal of Alkylation Damace [Homc sapiens)]
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Integration of pathways involved in energy metabolism [Homo sapiens]
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---r"+’. zlucagon signaling in metaholic requlatio
---vi PKA-mediated phosphorylation of key met
---r".;i Insulin effects increased synthesis of Xylu
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| Experimentally confirmed reaction— | Manually inferred mantiun—:'~| Electronically inferred reaction
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> | Linked reactions

Integration of pathways involved in energy metabolism
REACT_1508.1
Gopinathran, G, O'Eustachio, P, 2005-05-11
Rush, MG, 2005-09-10

Many hormones that affect individual physiological processes including the regulation of appetite, absorption, transpor,
and oxidation of foodstuffs influence energy metabolism pathways. While insulin mediates the storage of excess
nutrients, glucagon is involved in the maobilization of energy resources in response to low blood glucose levels,
principally by stimulating hepatic glucose output. Small doses of glucagon are sufficient to induce significant glucose
glevations. These hormone-driven regulatory pathways enable the body to sense and respond to changed amounts of
nutrients in the blood and demands for energy.

lucagon and Insulin act through various metaholites and enzymes that target specific steps in metabolic pathways for
sugar and fatty acids. The processes responsible for the long-term control of fat synthesis and shart term contral of
glycalysis by key metabolic products and enzymes are annotated in this module as six specific pathways:

Pathway 1. Glucagon signalling in metabolic pathways: In response to low blood glucose, pancreatic alpha-cells

roloacae Ahhieamear The RindAdira AF alhieamsrn 34 130 recrortar raciiBe 10 irerreacod ~ALID cortlhacie AanAd Decteimn Kinaco &
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DatabaseOhjzct

Definedzet
DeletedControlledVocabulary
Domair
EntityCemparment
EntitySet
EntityWihAccessionedSequence
Event
EvideneType
Figure
FrontPage
G0 _BidogicdProcess
G0O_CelularComponent
GO_MoeculaFunction
Generidoman
Genom:aEncodedEntity
InstanceEdit
LiteratueReference

€ 2003 Cold Spring Harbor Laborabry and Europ MadifiedResidue

Date: 2007-03-63 12:52:15 MegativReglation
OpenSet
OtherErtity
Pathwar
PathwarCoordinates
Person
PhysicdEntity
Paolyme
PositiveRegulation
Reacti;
ReactimmCoordinates hd

This form allows searching for records (instances) in the database by multiple field (atributz) values. Queres are combined tocether with AND. For example, szlecting class Reaction, then selecting field name inout a1d
entenng A0F inta the query box, -hen selecling field name cutput on the next row and entering 2TF would refrieve all reactions which consume ACF and praduce ATF.

help@reactome.crg
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This fom allows searching forrecords (instances) inthe database ky multile field (attribute) valuzs. Queries are combiled together with AND.For example, selectingclass Reaction, then =le:ting field name inpa and
entering A0F intothe query by, hien selecting fielc nare output on the next rowand entering 228 woull refrieve allreactions which consume ADP ani produse ATP.

witi the SXACT PHRASEONLY ~ +|

with the SXACT PHRASEONLY  +|

wit the IXACT PHRASEONLY =

witithe XACT PHRASEONLY =

8 2003 Cok Spring Harbor Laboratory andEuropean Bicinformatics (nstiste. All nights reserved.
Date: 20(7-03-02 13.03:34

fhelp@reactons.org
figurz
goBiclogicalProzess
hasizmber
inferedFrom
inferedProt

lite-ztireReference
maHomologues
modified

name
orthilogousEvent
outpat
precadingEvent
releaseDate




E Home Aboul | TOC User Guide Daa Model Sclema Ederded Search PathFinder SkyPainter Download Linking Citing Editoial Calendar Fep

Chectall | Unchedcall | Viewseledtedinstances | as list ofdisplay names =l
[T ACP+ Phosphoenaolyruvate == ATP +Pyruvate (pyruvatekinase RIL) [Homo sapiens]
[T ACP+ Ornthophosphate + 3uccinyl-Cof === ATP + Succimate + CoA [Homo sapiens]
[T ACP+ FPhosphoenolbyruvate == ATF +Pyruvate (pyruvatekinase M2)[Home sapiens]
[T ACP+ 3-Phospho-D-glyceroyl phosphate === ATP + 3-Prospho-D-gycerat: [Homo sapiels]
™ uridine 5-diphosphzte (UJP) + ADP === uridinz 5-moncophosphate (UMP)+ ATP [Homo sapens]
[T adenosine A-diphosphate (ADP) + UTP === ATP + uridinz 5-diphosihate (UDP) [Homo sapizns]
[T adenosine 5-diphosphate (ADP) + CTP === ATP + cytidire 5-diphosphate [CDP) [Homo sapens]
Il Z-deoxycytidine 5'-dichosohate (dCDP) + ADP === deoxycytidine 8-monophosphate (dCWP) - ATP [Homo sapi:ns]
[T adenosine 5-diphosphate (ADP) + dCTP === ATP + Z-deaxycytidine 5'-diptosphate (dCD”) [Homo sapiens]
r~
Il Zdeoxyuridine &'-diphosphate (dUDPT+ ADF === Zdeoxurdine o-monophosphate (dUNFP)+ ATP [Homo sapens]
- Zdeaxyuridine 5-triphosphate (dUTP)+ ADP === Z-decmwyuridine 5-diphosphate (dUDP)+ A™F [Homo sapiend
- thyridine 5-diphosphate (TDPF) + ADPF === thymidine 5-monophosghate (MP) + ATP [Hcmosapiens]
[T adenosine 5-diphosphate (ADP) + TTP === AT= + thymicine 5-diphosphate (TOP) [Homc saliens]
- guanosine 5-diphosphate (GOP) + AD? === guanosine 5-monophcsphate (GMP) + ATP Hono sapiens]
- Z4eoxyguanosine E-diphosphate (dG0P) + ADP === 2deoxyguanssine E-monophaosprate (dGMP) + ATP [Himo sapiens]
Il Z-eoxyadenosine E-diphosphate (dAJP) + ADP === 2-jeoxyadencsine 5-monophosphate (dAMP) + ATP [Hono sapiens]
Il Zdeaxyadenosine E-diphosphate (dAJP) + ADP === Z-jeoxyadencsine 5-monophosphate (dAMP) + ATP [Hono sapiens]
[T 2-deoxycytidine 5-diphosohate (dCDP) + ADP <== Z-decxycytidine -monophosphate (dCMP) + ATP [Homo spiens)
[T adenosine 5-diphosphate (ADP) + ADP === acenosine ¥-monophosphate (AMFP) + ATP [Homno sapiens]
[ adenosine 5-diphosphate (ADP) + ADP === acenosine F-monophosphate (AMP) + ATP [Homo sapiens]
[T adenosine 5-diphosphate (ADP) + ADP <== acenosine -monophosphate (AMP) + ATP [Hono sapiens]
Il cyidne 5-diphosphate (COP) + ADP === cytidine 5-monophosphate (CMF) + ATF [Homosapiens]
[ adenosine A-diphosphate (ADP) + CTP === ATP + cytidire 5-diphosphate (COP) [Homo sapens]
[T adenosine 5-diphosphate (ADP) + CTP <== ATP + cytidire 5-diphosphate ‘COP) [Homo sapens]
[T adenosine 5-diphosphate (ADP) + CTP === ATP + cytidire 5-diphosphate (COP) [Homo sapens]
[ adenosine 5-diphosphate (ADP) + dATP === ATP + 2-deoxyadenosine 5'-ciphosphate (dADF) [Homo sapiens]
[T adenosine 5-diphosphate (ADP) + dATR === ATP + 2-deoxyadenosne 5-ciphosphate (dADF) [Homo sapiens]
[ adenosine S-diphosphate (ADP) + dATP === ATP + 2-deoxyadenosine S-ciphosphate (dADF) [Homo sapiens]
[T adenosine 5-diphosphate (ADP) + dATP === ATF + Z-deoxyadenosine 5-ciphosphate (dADF) [Homo sapiens]
[T adenosine 5-diphosphate (ADP) + dATR === ATP + 2-deoxyadenosne 5-ciphosphate (dADF) [Homo sapiens]
[ adenosine S-diphosphate (ADP) + dCP === ATP + 2-deoxycytidine 5-dipFosphate (dCD) [Homo sapiens]
[T adenosine 5-diphosphate (ADP) + dC7P === ATP + Z-deoxycytidine 5'-diptosphate (dCD”) [Homo sapiens]
[T adenosine 5-diphosphate (ADP) + dCTF <== ATP + 2-deoxycytidine 5-diptosphate (dCD?) [Homao sapiens]
[ adenosine S-diphosphate (ADP) + dCP === ATP + 2-deoxycytidine 5-dipFosphate (dCD) [Homo sapiens]
[T adenosine 5-diphosphate (ADP) + dG7P === ATP + Z-deoxyguanosne 5-diphosphate (d50D?) [Homo sapieng
[T adenosine 5-diphosphate (ADP) + dGTP === ATP + Z-deaxyguanosne 5-diphosphate (d30?) [Homo sapiens
[ adenosine S-diphosphate (ADP) + dGP === ATP + 2-deoxyguanosne 5-diphosphate (d3D?) [Homo sapieng




cvtidine 5'-diphosphate (CDF) + ADP <=> cytidine 5'-mcnaophosphate (CMP) + ATP [Homo sapiens]

|=| Reactionmap

Clizl: on the mep

Reacion Experimentally confirmad reactic:-r%-| Manually inferrzd reacton——: | Electronically nferrad reaction—— | Linked reections
Q Drizgr s
IMP-CHMP kinase
[cytesoll
uylldlre 1° : :_ ; e LyLLilre 37=
dipaoophcte H D':;Ittullﬁ-.}ﬂi EHLll-deDhl_.;IDtle:ll:hl-l'ltE'E ¥ nanaphoophatc
fcytosall 3 monophozphate (CFP) fetosoll
0P [oytoml] | *+ AP [Hamo sapiens] _|—> JTP loytosal]
El Ditaile
oper o selected ‘ cytidine 5'-dipkosphate (CDF) + ADP <== gitidine 5 -nonophosphate {(CMP) + ITF
: I liz sl S
2vert e e Stable identifier REACT 2472
B Metabolism of rudectides 21t the hegining of this raction, © moleclle of ‘widine S-diphosphate’, and 1 molecale of ADP are present. Atthe endaf

E-t% Transpott of nuedleosides snd free pur ne & thiz reacticn, 1 molecule o ‘mliding 8 motnphosphate’, end 1 molecule of 'ATP' tre presant
E-r Synthesis if sybsolic 5 phosgho-ilpha-D-

B, Puring migabul s This reartiin takes alarrivthe ‘myosnl’ aneis mediated by the 'niclensice kinass activity of TIMP-CP kinase
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O[zormplex 70373 GEPD dimer [eosol] [Homo sapiens)

O [>atalysthctiity 70374 gluzose-3-phosphate 1-dehydrogenase actvity of GEPD dimer [vtosol

OReaction: 70377 slpha-D-glucoze f-phosphate + MAJP+ == D-glucono-1 5-lactone B-phosptate + NADPH + H+ [GERD fimed [Homo sagiens]
O[impleEntity 31467) D-Glucono-1 & lactne B-phosphate [cytosol

O[Reaction: 71296 D-glucoro-1 &lactone B-phosphate + H20 == B-phospho-O-cliconate [Homo sapiens)

O [irmpleEntity 23396] 6-Fhospho-D-luconate [ciosal
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OGirmpleEntity 297 32] O-Rikulose 5-phosphate [ttosl)

OReaction: 71303 D-ribulose 5-phosphae <=+ giulose 5-phosghate [Homo sapiens)

O GirnpleEntity 297 90] D-#yllose S-phosphate [ctosol
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Skypainter

Paste or upload identifiers or identifiers with values

UNIPROT:P30304 ,CHEBI:7423 , COMPOUND:C0002 , GO:0030060 ,
EC:1.1.1.37, Entrez Gene:4171

Examinar...

L] ignore numeric values. Checking this option makes the tool to behave as if you submit identifier list only.

Focus species: | (automatic) W

Skypainter is a tool to determine which events (reactions and/or pathways) are statistically overrepresented in a set of genes as specified by submitted list of identifiers. In
otherwords, given a list of genes, Skypainter can identify commaon events for these genes.

Given a set of M genes which participate in an event, the total of X genes (for the given species) that Reactome is aware of, and given the submitted list of K genes of which i
genes participate in the given event, skypainter calculates (by perdforming the hypergeometric test) the probability of picking M or more genes involved in the given event purely by
chance. Hence a low prohahility suggests that participation in a given event is what the genes in the submitted list have in common. Mote, however, that the probabilities as
reported by Skypainter are not corrected for multiple testing arising from evaluating the submitted list of genes against every event for the given species.

|dentifiers which can be used are UniProt accession numhbers and ids, GenBank/EMBL/IDDE] protein ids, RefPep, RefSeq, EntrezGene, MIN, InterPro, Affymetrix, Agilent and
Ensembl protein, transcript and gene identifiers. All purely numeric identifiers, such as from MIM and EntrezGene have to have the abbreviated database name and colon
prepended to them, i.e. MIM:G02544, EntrezGene:057 13,

The colour of each reaction arrow on the reaction map indicates the the number of genes in the submitted list that participates in the reaction.

Zimilar functicnality, i.e colouring reactions according to the number of times the reaction is hit by the identifiers in the submitted list, is also available for small molecule
identifiers from ChEBI and KEGG COMPCOUND identifiers (e.g. ChEBI:2358, C00002), Enzyme Commission (EC) numbers (e.g. 1.1.1.1) and Gene Ontology (GO) accession
numbers (e.g. GO0004672) GO cellular component accession numbers can be used to highlight reactions involving molecules localized to that compartment or which
themselves correspond to the given GO cellular compaonent term. GO molecular function accession numbers highlight reactions which are catalysed by the activities they specify.
G0 hiclogical process accession numbers highlight reactions which either correspond or are components of pathways corresponding to the given GO biclogical processes.
Please note that the overrepresentation analysis is not performed for those identifiers.
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Reaction .‘:| Experimentaly confrmed reactio-—s | Manually inferad rsachan—)| Electronically inferred rsat;t|on—>| Linked reactions ™~ >

Apcptosis Cell Cycle Creckpoints Cel Cycle, Mitotic DNA Repar
DKA Replcation Hectron Transport Chain Epidermal Growth Factor Receptor (EGFR) signaling | Fibroblast Srowth Factor Receptor (FGFR) signaling
Gap junction frafficking and regulaticn Gene Expression HIV Infection Hemostasis
Immune System signaling Influenza Infection Insulin receptor mediated signaing Integration of pathwayrsl involved in energy
metabclism
Maintenanc: of Telomeres Netakolismof ammlmlams and related nitrcgen- Metabolism of cerbohydrates Mewabolism of lipids and lipoproteins
containing nolecules
Metaboismof nucleotides Metabolism cf porphyrins Hotch Signaling Pathway Qyidative dacarboxylation of pyruvate and TCA cycle
Post-translational modification of proteins Transforming Growth Factor (TGF) beta sigraing Transcription Translaticn

mRNA Frocessing ¥enobiotic metabolism



Download Reactome data and code

The whole content of the Reactome can be downloaded as:
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. Eventsin the BioPAX level 2 format

The complete Reactome textbook of biclogical pathways and processes can be downloaded in:

—_
- |

= RTF format.

F format.

The Reactome website can be installed locally:

« Instructions for localinstallstion of Resctome dstsbase and website. Pleass note that you nesd to have root privileges on the computer onta which you plan to instsll the
:::y"H=5: me.
+« Download Resctoms website contents and perl cods reguires sdditional non-Reactoms softwars).

aQists to input osts into Rezsctoms, whils the Curator tool is mesnt foruss Dy curators to

=)
5]
(5]

5"":-[:[:..-:-:;3-5 path ..:"}E i

3. For details about this AP, pleass follow the following links:

=SCription for the Reachoms ¥
5
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Czre 2007-02-04 222629 help
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Linking to Reactome

Linking to Reactome can be achieved by creating URLs containing the name of and an identifier fram an “external” database in the following format;
http: /fwww. reactome. org/cgi-bin/1ink?50URCE=Database namesIl=1dentifier

C @ e the external databases and list identifiers available in the current release of Reactome

Below are few concrete examples

& UniProt accession numbers (the "AC line, preferred) and identifiers (the 'ID" line), e.g. LNIPROTF30304
http:wenw reactome.org/cgi-hindink? SOURCE=UNIPROT&ID=P30304
« ChEElidentifiers, e.q. CHEBI.7423
http:/wenw reactome.org/cgi-hindink? SOURCE=CHEBI&ID=74 23
¢ identifiers, e.g. COMPOUND:CO0002
hittp: s reactome.org/cgi-hindink ? SOURCE=COMPOUNDE&ID=CO00002
¢ (ene Ontology (GO} accession numhbers, e.g. GO:0020080
http:/wenw reactome.org/cgi-hindink? SOURCE=G0&ID=0030060
¢ Enzyme Classification (EC) numbers, e.g. EC:1.1.1.37
hittp: s reactome.org/cgi-hindink ? SOURCE=EC&ID=1.1.1.37
s Entrez Gene, e.g. Enfrez Gene:4171
http:/wenw reactome.org/cgi-hindink? SOURCE=Entrez+Gene&ID=4171

& 2003 Cold Spring Harbor Laboratony and European Bisinformatics Institute. All rights ressrved.

Date: 2007-03-02 07:38.30

-"-E'-'_C'@-"E'E clome.org
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Flease choose the database the identifiers of which yvou want listed. Specifiing a species will restrict the identifiers to the anes found inthis species anly. Please be aware that

some databases contain records for single species only.
BROAD v All species v

List of databases:
BROAD

CME Genome Project
Co

COMFPOUND

ChEBI

Dictyhase

EC

EMBL

EMNSEMBL

Entrez

Entrez Gene

Flyhase

(E10]

zenelB

HapMap

IntAct

Gl

KEGG Gene

Tk

PlasmoDB
FPubChem Compound
PubChem Substance
RefSeq

G0

TIGR

LCSC

LiniFraot

Wormbase

List!

& 2003 Cold Spring Harbor Laboratory and Evropean Bicinformatics Institwte, All rights reserved.
Date: 2007-03-02 08:08:20 help@reactome.org
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Citing Reactome

Publication to cite Reactome:

Joshi-Tope G, Gillespie W, Vastrik |, O'Bustachio P, Schmidt E, de Bano B, Jassal B, Gopinath GR, Wu GR, Matthews L, Lewis 3, Birney E, Stein L. 2005. Reactome: a
knowledgehase of hiological pathways. Mucleic Acids Res. 2005 Jan 1,33 Datahase lssue:D428-32. PMID: 15608231

Joshi-Tope G., Vastrik |, Gopinathrac G, Matthews L., Schmidt E., Gillespie M., D'Bustachio P, Jassal B, Lewis 5., Wu G., Birney E., and Stein L. The Genome Knowledgehase: A
Resource for Biologists and Bioinformaticists. Cold Spring Harb Symp Quant Biol. 2003,68:237-43. FIMID: 15338623

Citing your contribution to Reactome:

Citing a module in Reactome

[Madule Author Mames]. [Year of Publication]. [Module Mame] in [Summation Title]. Reactome.
Waorld Wide Weh URL - hitp:/fwww reactome.arg

Citing a summation in Reactome

[Summation Author names]. [Year of Publication]. Reactome.

World Wide Weh URL - hitp:/ifwww . reactome.org

Citing Reactome (all of it)

Reactome. Cold Spring Harbor Laboratory, European Bicinformatics Institute, and GO Consortium.,
Warld Wide Weh URL - hitp:ifwww reactome.arg

e
U Sprin

Date: 2007-03-02 08:00:03 help@reactome.org
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Reactome Editorial Calendar

The Edilcrial Calendar shows wark now under way to expand the Readome kowledgebase, organizzd by planred date of public release on this web site. The Calendar also shows the Readoma curatorwho is managng the
work on €ach topic. For more nfcrmetion, including infornation about how you zan paricipate in the Reactome editirial process, e-mail the curatar.

Click herz for an internal version of editorial calendar with status updstes from Reactome curators .

Font color key: centra dogma, cell cycle metaboism signaling, transport, cell motility immune function, host-irus interaction neural function

Pathway Modules

Porphyrin metabolism

Digestion of dietary lipids

Digestion of carbohydrates

Signaling pathways -EGFR signaling
Signaling pathways -FGFR signaling
Influenza virus life cycle- Reguiation of RNPs
HIV life cycle - Rey protein interactions
Formation of gap junctions - trafficking

Lipoproteins - HDL and VLDL

Signaling pathways -PDGF signaling

Interactions and zigraling of immune synapses
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