
Glucose-6P

Glucose 1P

UDP-Glucose
ADP-Glucose
GDP-Glucose

Glycogen

Fructose-6P

Fructose-1,6-BP

Glyceraldehyde-3P

1,3-Diphosphoglycerate

3-Phosphoglycerate

2-Phosphoglycerate

PEP

Pyruvate

Glucose

Fructosamine

Inositol -3P

6-Phosphoglucono-g- 
lactone

Glucosamine -6P

Sorbitol-6P

DHAPGlycerol-3 
Phosphate

Fructose-1P

Glyceraldehyde

6-Deoxygalactose

2,3-Diphosphoglycerate - Hb binding 
in RBC, or marker of anerobic 

glycolysis

3-deoxyribose-P

OAA

OAA

Pyruvate

Preparative Phase
6 Carbon sugars

ATP, NAD+ utilization

Payoff Phase
3 Carbon Metabolites
ATP, NAD+ Production

Glycolipid Synthesis
glycerol metaboilism

Xylulose-5P

Erythrose-4P

Citramalate

threo-MethylAspartate Glutamate

Glu

Ala

a-KG

NAD+NADHNAD+ NADH

Lactate

ADP

ATP

ADP

ATP

ADP

ATP

NAD+

NADH

NAD+ NADH

ADP

ATP

myo-Inositol Streptomycin 
Synthesis

Phospholipids

Acetyl-CoA

Glycerol-3 
Phosphate

DHAP

G3P Shuttle

ETC
Oxidative Phosphorylation

GOT1

GPDH1

GDPH2

Glu, ATP, Ala
ROS

PGM

HK2

PGI
PHI

GO

G6PD

PFK1,2

ALDO

TPI

GAPDH

PGK

PGM

ENO
PEPCK  

RLS
Biotin

PKM2

CS

ALTLDHA

GTP

GDP

Gluconeogenesis

MethylGlyoxal
S-Lactoyl-GSH

GSH

Glu Gln

Glucoasamine

RLS  Hexosamine 
Synthesis

NOS

Glycerate
(Glyceric Acid)

Sucrose-6P

N-AcetylGlucosamine

N-AcetylGlucosamine-6P

Glucosamine-1P

N-Acetyl 
Glucosamine-1P

Glucosaminic Acid

S-Lactate-GSH

UDP-glucosamine

GluconoLactone

Gluconic 
Acid

P-HydroxyPyruvate

Folate Metabolism

Serine

Phosphopyruvate
PhosphoSerine

Galactose-1-Phosphate

Pgm2
Pgm3
Pgm5
Pgm1

Ugp2
UDP-Glucose

UDP-Glucuronate

Conjugation

Ugdh

GlucoseGLUT1,3

NADHNAD+

FAD

FADH2
2 ATP

PHGDH

PLP

Glycine

Trehalose-6-Phosphate

Sucrose

Glycerol-3 
Phosphate

Acyl-Glycerol-3-Phosphate

2-O-(b-glucosyl) Glycerol

6-deoxyGalactose Phosphate

Glycerol-2-Phosphate Glycerol

UDP-N-Acetyl-glucosamine

Inositol-2-Phosphate

Mannose

Mannose-6-phosphateMannosamine Mannosamine-6-Phosphate

Glu Gln

Neuraminic acid

N-Acetyl-Neuraminic 
Acid (NANA)

CMP-NANA

GlycoProtein 
Conjugation N-Acetyl Muramic Acid

(Bacterial)

PEP DAHP Quinic Acid

Glucose 
Sensor

Glucose 
Sensor

6-Phospho-glucono-g-lactone 6-Phospho-gluconate

NADP+ NADPH NADP+

NADPH

Ribulose-5-Phosphate

Glucuronate Shunt

Oxidative Branch
Unidirectional

Production NADPH
REDOX homeostasis

Glyceraldehyde-3-Phosphate

X5P

E4P

Ribose - 5-Phosphate
Ribose - 1 Phosphate ADP-RIbose

Ribulose-1,5-bisphosphate

S7P

GSSG GSH

TKT

TKT

TALDO

FAS

DNA repair
Cell SIgnaling

Oxidative Stress

Oxidative Stress
Reversible

Viral infections
ER Stress

Non-Oxidative
Bidirectional

Conversion to
R5P for 

Amino acid
Nucleic acid synthesis

Sugar Interconversions

5C Ribose Synthesis

Lipogenesis

Sedo-1.7-BiP

Xylose (Vit C salvage)

6PGDH

GPGLG6PDH

RPI

Glyclysis independent
Intro into PPP
Sugar, Bactera

Tryptophan N-Formyl-Kynurenine 3-Hydroxy-KYN

Kynurenic Acid

3-Hydroxy-Anthranic 
Acid

QuinolinicAcidKynurenine KYN

Xanthurenic Acid glutaryl-CoAPicolinic AcidAnthranillic Acid

Alanine Gluconeogenesis

IDO/TDO

Kynurenine Pathway

Neuroprotecitve

NeurotoxicTKO

Glutaric Acid

Glutaconic Acid

Cystathione

Homocysteine
hCys

Ser

CBS

3-Phospho Hydroxy 
pyruvate

0-Acetyl Ser

O-Acetyl Ser

PEP - EC glucose 
sensor, cytosolic 

calcium regulation, 
NFAT regulation

Pyruvate

Acetyl-CoA

CoA

Citrate

cis-Aconitate

iso-Citrate

Oxalosuccinate

a-Ketoglutarate
aKG (2-OG)

Succinyl-CoA

Succinate

Formate

Malate

OAA

2-Hydroxyglutarate 
2-HG

NAD+

NADH

Citrate

Citriconoate

Itaconoate

Acetyl-CoA

Malonyl-CoA Fatty Acid

3-Hydroxybutyrate
3-HB

Cellular 
Acetylation

Ketone Body 
Formation with 
high Acetyl-CoA 

and low TCA

Electron Transport 
Chain
ETC

NAD+

NADH

NAD+NADH

5-AminoLevulinate
5-ALA

Porphyrin Synthesis

GTP

GDP

Electron Transport 
Chain
ETC

ADP

ATP

PayOff
Phase

Commitement Phase
6C to 4C

FAD

FADH2

NAD+ NADH

Urea Cycle

Electron Transport 
Chain
ETC

Electron Transport 
Chain
ETC

OAA

aKG

Asp

Glu

Pro -Inflammatory
Response

Oxidative
Phosphorylation

ADP/ATP ratio promotes (high ADP) repiration
Citrate syn. inhibited by ATP NADH Acetyl-CoA Succ-CoA

aKG syn activated by ADP, inhibited by ATP NADH
aKG transformation inhibited by succ CoA NADH

Sugars, Fat
Oxidation

Catabolism

Phe Tyr

Ile Met Val Thr

Arg Gln Glu
His Pro

Ala Lys Gly
Thr Trp Ser

Glucogenic AA

Glucogenic AA

Glucogenic AA

Asp, AsnGlucogenic 
AA

Glucogenic 
AA

Propionyl-CoA

Odd Chain FA
C15 C17 C19

Methylmalonyl-CoA

Propionyl-CoA

Methylmalonyl-CoA

Glycoxylate

Glycolic Acid

Succinic 
Acid

Malic Acid

Malate

OAA Asp

H2O2

O2

Gln

2-oxoglutaramate

Glu

Glucosamine 
Phosphate

NH3

GABA

Succinate 
Semialdehyde (SSA)

2-OG

Glu

NAD+

NADH

CS

ACO2

ACO2

IDH3

OGDH

SUCLG1

SDHC

FUM1

MDH1

ACOD1

Alanine

Glutaric Acid

Irg2

Itaconyl-CoA

CoEnz B12

Citramalyl-CoA

SDH

End product FAO

NADH

NAD+

MAS
Malate - Aspartate

Shuttle
(Heart, liver, kidney)

MDH22HGDH

FAD

FADH2
IDH2

NADPH

NADP+

Oncometabolite
Immunometabolite

Hypoxia, ROS

PC / Biotin
Gluconeogenesis

PCC / Biotin PCC / Biotin

ACC / Biotin

Phosphoglycolic Acid

aKG sensor for Commitment Phase
Succinate sensor of payoff phase

Low Succ /Formate 
promotes oxphos

High Succ / Formate 
promotes glycolysis

a,b-dihydroxyisovalerate

a-Ketoisovalerate

Valine

a-Ketopantoate Pantoate

Aspartic Acid

beta-Alanine

Pantothenate
 (Vit B5)

4'-Phosphopantothenate

4'-Phosphopantetheine

Dephospho-CoA

5,10-mTHF 4HTHF NADPH NADP+

PANK

PPCS

Cysteine

CTP

CMP

PPAT
ATP

DPCK
ATP

ADP

FAS/FAO

Gamma FAO of MCFA 
produces succinic aid 

in the smooth ER

Beta FAO of LC and 
VLCFA produces 

Acetyl-CoA in 
mitochodria

Fatty Acid
HDL

LCFA/VLCFA

Acyl-Glycerol

FA-CoAAcyl-CAR

Fatty Acid
Beta

Oxidation

5,10-Methyl 
THF

Folic Acid

Glutamine

Pantothenate
 (Vit B5)

p53

MYC
KRAS
AKT

p53

ACLY
AMPK

GSK3SREBP
PISK
AKT

FABP3
ADRP7
ADrp

HIF-1

GLUD

SIRT4 PI3K
AKT1

GOT2KRAS

GOT1

Lactate

MCT
HIF-1

IL-4

MYC

PHGDH

MYC

PDHSRC

Malate

NADP+ NADPH

GLutamic acid Glutamine, Proline 
Arginine

Erythrose-4P

Phe, Trp , Tyr

Val, Leu

Histidine

AsnMet, Thr,  Ile, Lys

GS GSK3

G-6P

AKT

PISK/AKT

HIF-1

Fructose-2,6-BP

p53

TIGAR

MYC

HIF-1

H1F-1

GLS MYC

RAS

CD36

LDL

LDLR

HMG-CoA Steroid Synthesis Cholesterol

Cancer Cell Metabolism

The transformation of healthy active cells to cancerous cells involves a multitude of

onocogenic, tumor suppressor and tumor promotor gene mutations that orchestrate

a milieu of metabolomic changes.
To accommodate run away cell division changes occur in a number of pathways including:

Glucose metabolism
de novo Lipogenesis
Cholesterogenesis
Fatty acid oxidation
Lipolysis
Extracellular lipid uptake
Rebalancing of saturated and unstaturated fatty acids
Control over ROS
Pentose phosphate pathway regulation

Adenosine release

Amino acid metabolism and synthesis

PDGF
EGF
PI3K
RAS

p53

mTOR

5-Methyl-THFTHF

hCysMet

Dimethylglycine Betaine

One 
Carbon 

Metabolism

Amino Acid 
Synthesis

Glycolysis

Cholesterol 
Synthesis

Lipolysis

Fatty Acid 
Synthesis

Linolenic Acid / Oleic Acid
MCFAs

Odd Chain Fatty Acids
C9 C11 C13 C15 C17

Fatty Acid 
Gamma

Oxidation

ATP 
Synthesis

ETC

ROS 
Regulation

Tryptophan
Metabolism

Lipid 
Synthesis

Glucose 
Metabolism

Glutamine
metabolism

DNA / RNA 
Synthesis

ATP  

AMP  

Adenosine

A2 Receptors

CD39

CD73

Adenosine signaling has emerged 
as a key metabolic pathway that 

regulates tumor immunity

Glyceric Acid
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