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Introduction
Linda Stephenson, Ph.D.
Product Specialist – Cancer Research
linda.stephenson@sial.com

It has been over 80 years since Otto Warburg 
published his seminal observations that 
cancer cells utilize glycolysis over oxidative 
phosphorylation and secrete high levels 
of lactic acid. Warburg hypothesized that 
cancer was caused by mitochondrial 
defects that forced the cell to rely on 
glycolysis for energy.1-5 The inability to 
determine the mechanisms that led to this 
metabolic switch, the advent of molecular 
biology, and the discovery of oncogenes 
and tumor suppressors shifted interest 
away from metabolism towards a focus on 
unraveling the genetic lesions that promote 
oncogenesis. Interest in cancer metabolism 
has been renewed due to the many recent 
discoveries that have begun to elucidate the 
role many common oncogenes and tumor 
suppressors play in the reprogramming of 
metabolic pathways during oncogenesis. 
Since these pathways are used by multiple 
types of tumors, targeting these pathways 
may offer potential therapeutic targets 
against a wide variety of cancer cells. 

While the increased dependence on 
glycolysis is a common feature of many 
cancer cells, other pathways are also 
commonly reprogrammed during 
oncogenesis. For example, many cancer 
cells use glutamine inefficiently and cellular 
uptake of glutamine in many cancer cells 

is often far in excess of what is required 
for biosynthetic needs.6 Tumor cells also 
upregulate the pathways contributing 
to nucleotide, protein, and fatty acid 
synthesis.3,4 A key challenge for researchers 
will be unraveling and elucidating the 
multiple mechanisms by which tumor cell 
metabolism is reprogrammed. 

Oncogenesis is typically a multistep 
phenomenon in which the cell gradually 
acquires mutations and epigenetic changes 
that promote increased malignancy. In terms 
of metabolism, these adaptations include not 
only the metabolic reprogramming due to 
alterations in oncogenic signaling pathways 
or loss of tumor suppressors, but also to 
alterations that occur as a result of changes 
in the tumor microenvironement. For 
example, increased hypoxia and acidification 
are cellular stressors that can alter metabolic 
reprogramming to favor tumor progression 
and may result in differences in the 
metabolic profiles of cells even within 
the same tumor.7 Additionally, metabolic 
reprogramming is also influenced by the 
tissue origin of the tumor.8 Understanding 
how these individual pathways interact 
will allow for more targeted combinatorial 
therapies, and the potential to identify and 
exploit unique synthetic lethalities within an 
individual tumor.
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In this issue of Biofiles, we focus on our 
comprehensive portfolio of products for 
studying cancer metabolism including our 
newly launched metabolic assay kits:

•	 Oncogenes and Tumor Suppressors

•	 Aerobic Glycolysis and the Warburg Effect

•	 Glutamine Metabolism

•	 Fatty Acid Synthesis and Metabolism

•	 Nucleotide Synthesis in Cancer Cells
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Oncogenes and Tumor Suppressors Reprogram Metabolism

Oncogenes and Tumor Suppressors  
Reprogram Metabolism

Proliferating cells require the biosynthesis 
of structural components for biomass 
production and for genomic replication. This 
requires a reprogramming of the metabolic 
pathways to ensure nutrients such as 
glucose and glutamine are not completely 
oxidized but instead their intermediary 
metabolites are shunted into biosynthetic 
pathways. It is now well appreciated that 
multiple metabolic pathways can be 
reprogrammed during oncogenesis and that 
both oncogenes and tumor suppressors 
can induce this reprogramming to ensure 
metabolites are shunted into pathways 
that support the biosynthesis of structural 
components. In part, this is achieved by 
maintaining high rates of glycolysis, slowing 
pyruvate entry into the Tricarboxylic Acid 
(TCA) cycle, and utilizing TCA intermediates 
for biosynthetic precursors.1,2 

Metabolic reprogramming is a feature of 
both oncogenic cells and non-transformed 
cells undergoing proliferation. However, 
in non-transformed cells, growth factor 
signaling-induced changes to metabolism 

are sensitive to environmental cues and 
quickly downregulated if conditions are 
unfavorable. In cancer cells, these pathways 
become uncoupled from both growth 
factor-induced stimulation and from the 
negative regulation that typically halts 
proliferation when environmental conditions 
become unfavorable. This uncoupling is 
due to the driver effects of oncogenes and/
or the loss of negative regulation via the 
inactivation of tumor suppressors.3 Because 
many of these reprogramming events seem 
to be commonly used amongst various 
tumor types, modulation of these metabolic 
pathways may be an Achilles’ heel that can 
be exploited for therapeutic purposes.

The switch to aerobic glycolysis that occurs 
in many tumor cells, named the Warburg 
effect, has been appreciated for decades.  
It is now known that many cancer cells rely 
primarily on glycolysis for the generation 
of ATP and for the creation of metabolic 
intermediates to shunt into biosynthetic 
pathways.1,2 In non-proliferatively active 
cells, glucose is metabolized by glycolysis 
to pyruvate which enters the TCA cycle 
as acetyl-CoA. Within the TCA cycle and 
subsequent oxidative phosphorylation,  
the acetyl-CoA is oxidized to CO2 and 
water, generating 32-34 ATP molecules. 
During proliferation, cells increasingly rely 
on glycolysis for ATP generation and divert 
much of the pyruvate from the TCA cycle 
through conversion to lactate which is 
secreted from the cell. The conversion of 
pyruvate to lactate by lactate dehydrogenase 
(LDH), a transcriptional target of oncogenic 
signaling, regenerates one NAD+ for use in 
glycolysis. The rapid removal of pyruvate 

via lactate conversion allows the cell to 
maintain high rates of glycolytic flux by both 
removing excess pyruvate and through the 
regeneration of NAD+.1

Many of the well characterized oncogenes, 
for example PI3K, AKT, C-MyC, and RAS, 
promote glycolysis while tumor suppressors 
tend to inhibit glycolysis.4 For example, the 
p53 tumor suppressor negatively regulates 
the expression of the glycolytic protein 
phosphoglycerate mutase-2 (PGM2) and 
promotes the expression of Tumor Protein 
53-Induced Glycolysis and Apoptosis 
Regulator (TIGAR), which depletes the 
glycolytic activator 2,6-fructose biphosphate.5 
Oncogenic signaling through the PI3K/AKT 
pathway, commonly upregulated in cancer, 
promotes glycolysis by multiple mechanisms. 
AKT signaling increases the expression and 
membrane localization of glucose transporters 
and increases the activity of glycolysis 
enzymes such as phosphofructokinase and 
hexokinase 2. The product of hexokinase 2, 
glucose-6-phosphate, can also be diverted 
to the pentose phosphate pathway (PPP) to 
support the production of NADPH for use in 
fatty acid synthesis and ribose-5-phosphate 
for nucleotide synthesis. AKT signaling can 
also increase the activity of Hypoxia Inducible 
Factor-1 (HIF1), another potent inducer of 
glycolysis. Upregulation of HIF activity, by 
PI3K, hypoxia, or the loss of the von Hippel-
Lindau tumor suppressor that targets HIF 
for degradation, results in the transcriptional 
upregulation of multiple genes involved in 
glycolysis and the decreased entry of pyruvate 
into the TCA cycle.6 PI3K signaling also 
regulates mTOR activity by phosphorylating 
and inhibiting TSC which, along with LKB1, 
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negatively regulates mTOR activity. mTOR 
is a key node for integrating signals such as 
cellular stress and nutrient availability with 
proliferation. In line with this, mTOR is also 
negatively regulated by signaling through 
the bioenergetic sensor and metabolic 
checkpoint protein, AMP-Activated Protein 
Kinase (AMPK). AMPK is activated when the 
AMP/ATP ratio is increased, and signaling 
through AMPK inhibits proliferation and 
promotes increased oxidative phosphorylation 
to restore ATP levels. AMPK is regulated by the 
tumor suppressor protein LKB1, and loss of 
LKB1 is sufficient to promote tumorigenesis.7 
Loss of LKB1 is associated with decreased 
AMPK signaling and enhanced activation of 
mTOR. This suggests agonists that restore 
AMPK signaling, such as metformin and 
phenformin, may have antitumor activity. 

MYC reprograms cellular metabolism 
through transcriptional regulation and 
is often overexpressed in many cancers. 
MYC overexpression results in increased 
dependence and utilization of glutamine. 

Glutamine is the nitrogen donor that can 
be used for the synthesis of nucleotides and 
for TCA anapleurosis, the regeneration of 
TCA cycle intermediates diverted for use in 
biosynthetic reactions. Enhanced MYC activity 
promotes increased glutamine uptake via the 
upregulation of the glutamine transporters 
SLC5A1 and SLC7A1. MYC also promotes 
increased glutaminase 1 levels, supporting 
glutaminolysis.8 MYC enhances glycolysis by 
increasing glucose uptake, upregulating the 
expression of lactate dehydrogenase, and 
favoring the production of the M2 isoform 
of pyruvate kinase (PKM2), a key regulator of 
glycolytic flux. Pyruvate kinase catalyzes the 
last step in glycolysis, the dephosphorylation 
of phospho(enol)pyruvate to pyruvate.  
In cancer cells, PKM2 is almost always in the 
inactive form. This results in the build-up of 
glycolytic intermediates which are shunted 
into other biosynthetic pathways such as 
the PPP. Understanding and unraveling the 
mechanisms by which oncogenes and tumor 
suppressors regulate metabolism will be key 
to developing new therapeutic targets.
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Tumor Suppressor and Oncogene Proteins Involved in Metabolic Reprogramming
Name Description Cat. No.

PI3K (p110β/p85α),  
active, His-tagged human

PI3K is comprised of a 110 kDa catalytic subunit and a 85 kDa regulatory subunit. A number of isoforms of the 110 kDa catalytic 
subunit and the 85 kDa regulatory subunit exist in cells. The p110β catalytic subunit (PIK3Cβ) plays a role in regulating the formation 
and stability of alpha-2β-beta-3 integrin adhesion bonds, which are necessary for shear force-induced platelet activation. In animal 
model of prostate tumor formation induced by the tumor suppressor PTEN loss, ablation of p110β impedes tumorigenesis with a 
concomitant diminution of AKT phosphorylation.

I1036-10UG

Phosphoinositide  
3-kinase p110γ human

P8615-10UG

AKT1 active human AKT1 is an isoform of multifunctional AKT kinase, which upon activation becomes involved in glucose metabolism, transcription, 
survival, cell proliferation, angiogenesis, cell motility, and a number of metabolic effects of insulin.

A8729-20UG

AKT1, active,  
GST-tagged human

SRP5001-10UG

PTEN human PTEN, a tumor suppressor, has been implicated in a large number of human tumors and is conserved from humans to worms.  
Recent results indicate that at least part of its role is to regulate the activity of the serine/threonine kinase AKT/PKB, and thus  
influence cell survival signaling.

SRP4838-5UG

mTOR (FRAP1)  
Active human

mTOR is a serine/threonine protein kinase that integrates upstream signaling from inputs such as growth factors and nutrient levels with 
downstream responses like proliferation, motility, and protein synthesis. mTOR signaling is often upregulated in many types of cancer.

SRP0248-10UG

LKB1/MO25/STRAD  
Active human

Liver kinase B1 (LKB1), also known as serine/threonine kinase 11 (STK11), regulates cell polarity and functions as a tumor suppressor 
protein. LKB1 regulates the activity of adenosine monophosphate-activated protein kinase (AMPK), promoting the suppression of 
growth and proliferation under energetically unfavorable conditions.

SRP0246-20UG

AMPK (α1/β1/γ1), active,  
His-tagged human

AMPK is a heterotrimer protein kinase consisting of a α catalytic subunit, and non-catalytic β and γ subunits. AMPK is an important 
energy-sensing enzyme that monitors cellular energy status. In response to cellular metabolic stresses, AMPK is activated, and 
phosphorylates and inactivates acetyl-CoA carboxylase (ACC) and 3-hydroxy-3-methylglutaryl-CoA reductase (HMGCR), key enzymes 
involved in regulating biosynthesis of fatty acid and cholesterol.

A1233-10UG

AMPK (α1/β1/γ2), active, 
His-tagged human

A1358-10UG
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Name Description Cat. No.

AMPK (α1/β1/γ3), active, 
His-tagged human

AMPK (α1/β1/γ3) is a member of the AMPK family which are heterotrimeric proteins consisting of an α catalytic subunit, and non-
catalytic β and γ subunits. AMPKs are an important energy-sensing enzyme group in the cells that monitor energy status particularly 
in response to stress. AMPKs regulate fatty acid and cholesterol synthesis by regulating the key rate-limiting enzymes acetyl-CoA 
carboxylase and 3-hydroxy-3-methylglutaryl-CoA reductase. The γ subunit is dominantly expressed in skeletal muscle where it may 
play a key role in the regulation of energy metabolism.

A4486-10UG

AMPK (α1/β2/γ1), active, 
His-tagged human

A4611-10UG

AMPK (α2/β2/γ1), active, 
His-tagged human

SRP5003-5UG

C-MYC, proto oncogene 
human

C-MYC is a transcription factor, often deregulated in cancer, that promotes cell proliferation, growth, differentiation, and apoptosis. SRP2089-5UG

VHL human The von Hippel-Lindau tumor suppressor gene is mutated in families with von Hippel-Lindau disease and encodes a protein (VHL) of 
213 amino acids with an acidic pentapeptide motif in the N-terminus. Mutations in the VHL gene result in constitutive expression of 
many hypoxia-induced genes, at least in part because of increases in the cellular level of hypoxia-inducible transcription factor HIF-1 α.

SRP2084-5UG

Ras human – R9894-.1MG

HIF-1 α, C-terminal  
activation domain  
(776-826) human

Hypoxia-inducible factor-1 (HIF1) is a transcription factor found in mammalian cells cultured under reduced oxygen tension that 
plays an essential role in cellular and systemic homeostatic responses to hypoxia.

SRP2097-10UG

HIF-1 α, N-terminal  
activation domain  
(530-698) human

SRP2099-10UG

p53 human p53 gene is highly conserved and expressed in normal tissues. It is the most commonly mutated gene in human cancer and more 
then 500 gene mutations have been described in various types of malignancies, hematologic as well as solid tumors. Intact p53 
function is essential for the maintenance of the non-tumorogenic phenotype of cells. Thus, p53 plays a vital role in suppressing the 
development of cancer.

P6249-50UG

p53 human P6374-20UG

p53 mutant human SRP4832-5UG

p53 (1-363) C-terminal 
deletion human

SRP2077-5UG

p53 (1-342) C-terminal 
deletion human

SRP2078-5UG

p53 (1-81), wild type, 
GST-tagged human

SRP2107-10UG

p53 (1-81), mutant,  
GST-tagged human

SRP2108-10UG

Inhibitors and Activators of  Oncogenes and Tumor Suppressor Proteins
Name Structure Description Cat. No.

AICAR

O

OH

HO N

N

OH

O
H2N

H2N

AICAR is a cell-permeable activator of AMP-activated protein kinase (AMPK). A9978-5MG
A9978-25MG

AKT1/2 kinase inhibitor

N
H

N

O

N

N

NN

N
H

• xH2O• xCF3CO2H

AKT1/2 kinase inhibitor; isozyme selective with preference toward AKT1. A6730-5MG
A6730-25MG

17-(Allylamino)-17-demeth-
oxygeldanamycin

N
H

O
H
N

O
H3C

CH3O

H3C

OH
CH3

CH3O

CH3

OH2C

O NH2

O

Potent inhibitor of heat shock protein 90 (Hsp90). 17-AAG is a less toxic analog than  
geldanamycin. It induces apoptosis and displays antitumor effects. 17-AAG inhibits the  
activity of oncogenic proteins such as N-ras, K-ras, c-Akt, and p185erB2.

A8476-500UG

5-(2-Benzothiazolyl)-3-ethyl-
2-[2-(methylphenylamino)
ethenyl]-1-phenyl-1H-benzi-
midazolium iodide N+

N

H3C I-

N
CH3S

N

5-(2-Benzothiazolyl)-3-ethyl-2-[2-(methylphenylamino) or AKT Inhibitor IV is a cell-permeable 
benzimidazole compound that inhibits AKT phosphorylation/activation by targeting the ATP 
binding site of a kinase upstream of AKT, but downstream of PI3K.

B2311-5MG
B2311-25MG 

Tumor Suppressor and Oncogene Proteins Involved in Metabolic Reprogramming (continued)
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Name Structure Description Cat. No.

CP-31398 dihydrochloride 
hydrate

N

N

HN

OCH3

• 2HCl

• xH2O

N
CH3

CH3

CP-31398 dihyrochloride hydrate is a p53 stabilizer; apoptosis inducer. PZ0115-5MG
PZ0115-25MG

Deferoxamine mesylate salt

N

H
N

N
H

N
O

O
O

OOH

OH
NH2

N
OH

O

CH3

H3C S
O

O
OH

An iron chelator used often in the studies of cell proliferation and apoptosis. Also reported 
to induce p53.

D9533-1G

1,1-Dimethylbiguanide 
hydrochloride (Metformin) H2N N

H
N

CH3

CH3

NH NH • HCl Metformin is an antidiabetic agent that reduces blood glucose levels and improves insulin 
sensitivity. Its metabolic effects, including the inhibition of hepatic gluconeogenesis, are 
mediated at least in part by activation of the LKB1-AMPK (AMP-activated protein kinase) 
pathway. Activation of this pathway also appears to be involved in the antiproliferative and 
proapoptotic actions of metformin in cancer cell lines.

D150959-5G

DMOG
H3CO

H
N

OCH3

O

O

O DMOG is a cell-permeable prolyl-4-hydroxylase inhibitor, which upregulates HIF  
(hypoxia-inducible factor).

D3695-10MG
D3695-50MG

10058-F4
S

N
H

O S

H3C

10058-F4 is a c-MYC inhibitor. F3680-5MG
F3680-25MG

FTI-276 trifluoroacetate salt

NH

N
OH

NH2

O

S
CH3O

HS
• C2HF3O2

FTI-276 is a highly potent Ras CAAX peptidomimetic. F9553-1MG
F9553-5MG

FTI-277 trifluoroacetate salt

NH

N
OCH3

NH2

O

O

HS

S
CH3

• xC2HF3O2

Highly potent (pM/nM) Ras CAAX peptidomimetic which antagonizes both H and K-Ras 
oncogenic signaling. Inhibitor of farnesyltransferase (Ftase) IC50 = 50 nM.

F9803-1MG
F9803-5MG

10074-G5

NH

N
O

N

NO2 10074-G5 is a c-MYC/MAX interaction inhibitor. G3798-5MG
G3798-25MG

LY-294,002 hydrochloride

O

O

N
O

Specific cell-permeable phosphatidylinositol 3-kinase inhibitor. L9908-1MG
L9908-5MG

Manumycin A from  
Streptomyces parvulus O

H
N

O

O

OH

N
H

O

OH

O

Potent inhibitor of Ras farnesyltransferase. M6418-5MG

L-Mimosine from Koa hoale 
seeds

N

OH
O

NH2H

O

OH

Plant amino acid and potential inhibitor of the cell cycle giving rise to growth arrest  
in G1-phase. L-Mimosine is also used as a hypoxia-mimetic agent to stabilize Hypoxia  
Inducible Factor 1 (HIF-1). L-Mimosine stabilizes HIF-1 through the inhibition of Prolyl  
Hydroxylases (PHDs) which target HIF-1 through degradation.

M0253-25MG
M0253-100MG
M0253-500MG
M0253-1G

Myra A hydrochloride O

O

OH

OH
N
H

N
CH3

CH3

• xHCl
Myra A hydrochloride is a small molecule transcription factor inhibitor (c-MYC/MAX  
DNA binding).

M9823-5MG
M9823-25MG

Phenformin hydrochloride – – P7045-1G
P7045-10G

Pifithrin-α

S

N
NH

O

CH3

• HBr

Pifithrin-α is a reversible inhibitor of p53-mediated apoptosis and p53-dependent gene 
transcription.

P4359-5MG
P4359-10MG

Inhibitors and Activators of  Oncogenes and Tumor Suppressor Proteins (continued)

http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/PZ0115
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/PZ0115
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/D9533
http://www.sigmaaldrich.com/catalog/search/ProductDetail/ALDRICH/D150959
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/D3695
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/D3695
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/F3680
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/F3680
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/F9553
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/F9553
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/F9803
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/F9803
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/G3798
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/G3798
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/L9908
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/L9908
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/M6418
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/M0253
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/M0253
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/M0253
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/M0253
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/M9823
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/M9823
http://www.sigmaaldrich.com/catalog/search/ProductDetail/FLUKA/P7045
http://www.sigmaaldrich.com/catalog/search/ProductDetail/FLUKA/P7045
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/P4359
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/P4359
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Name Structure Description Cat. No.

6-[4-(2-Piperidin-1-ylethoxy)
phenyl]-3-pyridin-
4-ylpyrazolo[1,5-a] 
pyrimidine N

N

N

N

O
N

BMP Inhibitor; Cell-permeable pyrazolopyrimidine compound that acts as a potent,  
selective, reversible, and ATP-competitive inhibitor of AMPK (AMP-activated protein kinase;  
Ki = 109 nM in the presence of 5 μM ATP and the absence of AMP).

P5499-5MG
P5499-25MG

PP242 hydrate
N

N N
N

NH2

H3C
CH3

N
H

OH

• xH2O

PP242 is a potent and selective mTOR inhibitor. P0037-5MG
P0037-25MG

PRIMA-1
N

H
O

HO OH

PRIMA-1 is a selective reactivator of mutant p53 activity in tumor cells, and an inducer of 
apoptosis and inhibitor of growth of human tumors with mutant p53.

P0069-5MG
P0069-25MG

Rapamycin from  
Streptomyces hygroscopicus

O

N
O O

H3C

H3CO

H3CH3C OH

O
O

O

OCH3

CH3 CH3

O

OH

CH3H3CO

HO

H3C

A macrocyclic triene antibiotic that binds to and inhibits the molecular target of rapamycin 
(mTOR). It forms a complex with FKBP12 that binds to and inhibits mTOR. Rapamycin is a 
potent immunosuppressant and has anti-cancer activity.

R0395-1MG

Shikonin - Inhibits chemokine receptor function and suppresses HIV-1. Circumvents cancer drug  
resistance by induction of cell death through a necroptotic pathway. Treatment of cancer 
cells with shikonin suppressed glycolysis via the inhibition of pyruvate kinase M2 (PKM2).

S7576-10MG
S7576-50MG

SMER3 N

N N
O

N

O

Small molecule enhancer of rapamycin (SMER); specific inhibitor of Ubiquitin E3 ligase. S7826-5MG
S7826-25MG

Temsirolimus

N

O
O

O
HO

H3C

H3CO
CH3

CH3

CH3

O

OH

H3CO

H3C

H3C

O

O

O

CH3

OCH3

O

H

H

H

OH

O

OH

CH3

Temsirolimus is an antiproliferative and antiangiogenic mTORC1 inhibitor. PZ0020-5MG
PZ0020-25MG

Triciribine hydrate

N

N N

N
N

H3C NH2

O

OH

HO

OH

• xH2O

Triciribine is a highly selective AKT/PKB inhibitor, that selectively inhibits the cellular  
phosphorylation/activation of AKT1/2/3.

T3830-5MG
T3830-25MG

Wortmannin

O

OO

O

O

O

O

H3C

H3C

OCH3

H3C

H

Wortmannin is a potent and specific phosphatidylinositol 3-kinase (PI3-K) inhibitor with an 
IC50 of 2-4 nM.

W1628-1MG
W1628-5MG
W1628-10MG

Kits for Studying Oncogenes and Tumor Suppressors
Name Cat. No.

Panorama® Antibody Array – p53 pathways PPAA4-1KT

Panorama® Antibody Microarray – Cell Signaling Kit CSAA1-1KT

Panorama® Antibody Microarray – XPRESS Profiler725 Kit XP725-1KT

Inhibitors and Activators of  Oncogenes and Tumor Suppressor Proteins (continued)

http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/P5499
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/P5499
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/P0037
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/P0037
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/P0069
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/P0069
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/R0395
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/S7576
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/S7576
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/S7826
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/S7826
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/PZ0020
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/PZ0020
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/T3830
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/T3830
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/W1628
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/W1628
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/W1628
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/PPAA4
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/CSAA1
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/XP725
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Panels for Studying Oncogenes and Tumor Suppressors
Name Cat. No.

MISSION® shRNA Human Gene Family Set, Bacterial Glycerol Stock, p53 Pathway SH2411

MISSION® shRNA Human Gene Family Set, Bacterial Glycerol Stock, Tumor Suppressors SH0511

MISSION® shRNA Human Gene Family Set, DNA, Tumor Suppressors SH0521

MISSION® shRNA Human Gene Family Set, DNA, p53 Pathway SH2421

MISSION® shRNA Human Gene Family Set, Lentiviral Particles, p53 Pathway SH2431

MISSION® shRNA Human Gene Family Set, Lentiviral Particles, Tumor Suppressors SH0531

Antibodies Against Tumor Suppressor and Oncogene Proteins
Product 
Name Host Gene Symbol Reacts With Application

Prestige
Antibody Cat. No.

Monoclonal 
Anti-AKT1 

antibody 
produced in 
mouse

AKT1, human human ELISA (i)
IHC (p)
WB

– SAB1400005-100UG

Monoclonal 
Anti-AKT1 

antibody 
produced in 
mouse

AKT1, human human ELISA (i)
IHC (p)
WB

– SAB1400007-100UG

Anti-AMPK α antibody 
produced in 
rabbit

AAPK1, human human
mouse
rat

IHC
WB

– SAB4502329-100UG

Anti-AMPK1, 
C-Terminal 

antibody 
produced in 
rabbit

AAPK1, human human
mouse
rat

IHC
WB

– SAB4502330-100UG

Anti-HIF1A antibody 
produced in 
rabbit

HIF1A, human human IF (i)
IHC (p)
PA

✔ HPA001275-100UL

Anti-HIF1A antibody 
produced in 
rabbit

HIF1A, human bovine
canine
chicken
human 
mouse, rat
pig
rabbit

WB – SAB2104366-50UG

Anti-LKB1, 
C-Terminal 

antibody 
produced in 
rabbit

STK11, human human
mouse

IF (i)
IHC

– SAB4502888-100UG

Anti-LKB1 antibody 
produced in 
rabbit

STK11, human
Stk11, mouse
Stk11, rat

human
mouse
rat

ARR
WB
WB

– L7917-200UL

Anti-mTOR, 
C-Terminal 

antibody 
produced in 
rabbit

MTOR, human human
mouse
rat

ELISA (i)
WB

– SAB4501039-100UG

Anti-mTOR antibody 
produced in 
rabbit

Frap1, mouse
Frap1, rat
FRAP1, human

human
mouse
rat

ARR
IF (i)
IP
WB
WB

– T2949-200UL

Monoclonal 
Anti-c-MYC 

antibody 
produced in 
mouse

MYC, human human IF (i)
WB

– SAB3300003-100UL

Monoclonal 
Anti-c-MYC 

antibody 
produced in 
mouse

MYC, human human IF (i)
WB

– SAB3300004-100UL

Immunofluorescence

Anti-VHL (1-15): Cat. No. V0140: Immunofluorescence  
of HUVEC cells using VHL (1-15) (RB),Cat. No. V0140 (red)  
at a 1:800 dilution, taken at 40× magnification and  
nuclear staining with Hoescht 33342 (blue). Yale HTCB IF 
procedure used. 

Immunofluorescence

Anti-LKB1 : Cat. No. SAB4502888: Immunofluorescence 
of NIH-3T3 cells using Anti-LKB1 antibody. Cells on the left 
were treated with the Anti-LKB1 antibody. Cells on the 
right (negative control) were treated with both Anti-LKB1 
antibody and the synthesized immunogen peptide.

http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/SH2411
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/SH0511
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/SH0521
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/SH2421
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/SH2431
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/SH0531
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/SAB1400005
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/SAB1400007
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/SAB4502329
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/SAB4502330
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/HPA001275
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/SAB2104366
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/SAB4502888
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/L7917
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/SAB4501039
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/T2949
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/SAB3300003
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/SAB3300004
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Product 
Name Host Gene Symbol Reacts With Application

Prestige
Antibody Cat. No.

Anti-MYC,  
(N-terminal) 

antibody 
produced in 
rabbit

MYC, human human 
mouse, rat

WB – SAB2103448-50UG

Anti-PIK3R1 antibody 
produced in 
rabbit

PIK3R1, human human IHC (p)
PA
WB

✔ HPA001216-100UL

Anti-PIK3CG 
(101-115) 

antibody 
produced in 
rabbit

PIK3CG,  
human

human WB – K3641-200UL

Anti-PIK3CG antibody 
produced in 
goat

PIK3CG,  
human

human
mouse

ELISA (i)
WB

– SAB2500792-100UG

Monoclonal 
Anti-PIK3CG 

antibody 
produced in 
mouse

PIK3CG,  
human

human ELISA (i)
WB

– WH0005294M2-100UG

Monoclonal 
Anti-c-K-Ras 

antibody 
produced in 
mouse

KRAS, human
Kras, mouse
Kras, rat

human
mouse
rat

IHC (p)
IP
WB

– R3400-.1MG

Monoclonal 
Anti-KRAS 

antibody 
produced in 
mouse

KRAS, human human ELISA (c)
ELISA (i)
WB

– SAB1404011-100UG

Anti-KRAS antibody 
produced in 
rabbit

KRAS, human human 
mouse, rat

WB – SAB2101297-50UG

Anti-TP53 
(Ab-6) 

antibody 
produced in 
rabbit

TP53, human human
mouse

WB – SAB4300362-100UG

Anti-TP53 
(Ab-315) 

antibody 
produced in 
rabbit

TP53, human human WB – SAB4300369-100UG

Anti-VHL 
(1-15) 

antibody 
produced in 
rabbit

VHL, human human WB – V0140-200UL

Anti-VHL  
(200-213) 

antibody 
produced in 
rabbit

VHL, human human WB – V0265-200UL

Immunofluorescence

Anti-PIK3CG (101-115) (RB): Cat. No. K3641: Immuno-
fluorescence of HUVEC cells using PIK3CG (101-115) (RB), 
Cat. No. K3641 (red) at a 1:100 dilution, taken at 40× 
magnification and nuclear staining with Hoescht 33342 
(blue). Yale HTCB IF procedure used.

Immunohistochemistry

Monoclonal Anti-AKT1, antibody produced in  
mouse, clone 6D6, purified immunoglobulin:  
Cat. No. SAB1400005: Antibody concentration:  
3.0 μg/mL using human human colon tissue.

Antibodies Against Tumor Suppressor and Oncogene Proteins (continued)

http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/SAB2103448
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/HPA001216
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/K3641
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/SAB2500792
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/WH0005294M2
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/R3400
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/SAB1404011
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/SAB2101297
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/SAB4300362
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/SAB4300369
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/V0140
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/V0265
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Aerobic Glycolysis and the Warburg Effect

Aerobic Glycolysis and the Warburg Effect

The Warburg effect is the enhanced 
conversion of glucose to lactate observed in 
tumor cells, even in the presence of normal 
levels of oxygen. Otto Heinrich Warburg 
demonstrated in 1924 that cancer cells show 
an increased dependence on glycolysis 
to meet their energy needs, regardless of 

whether they were well-oxygenated or 
not. Converting glucose to lactate, rather 
than metabolizing it through oxidative 
phosphorylation in the mitochondria, is far 
less efficient as less ATP is generated per unit 
of glucose metabolized. Therefore, a high 
rate of glucose uptake is required to meet 
increased energy needs to support rapid 
tumor progression. 

Previously, it was thought the Warburg 
effect was a consequence of damage to the 
mitochondria or an adaptation to hypoxic 
conditions during the early avascular phase 
of tumor development. Current insight 
revealed aerobic glycolysis supports various 
biosynthetic pathways and, consequently, 
the metabolic requirements for proliferation. 
The PI3K pathway is considered to be a major 
determinant of the glycolytic phenotype 
through AKT1 and mTOR signaling, and 
subsequent downstream Hypoxy Inducible 
Factor 1 (HIF-1) transcription factor activation.

Another important pathway is the AMP-
activated protein kinase (AMPK) pathway. 
AMPK is often considered a metabolic 
checkpoint as it can control cell proliferation 
when activated under energetic stress, and 
activation of AMKP results in the inhibition 
of mTOR activity. Mutations in tumor 
suppressor genes such as LKB1, involved 
in AMPK activation, have been identified in 
certain cancers. Inhibitors of the glycolytic 
pathway, such as dichloroacetic acid (DCA) 
and 2-deoxy-d-glucose (2DG) are now 
being used in clinical studies as potential 
anticancer agents. 

References:
1 Cairns R.A., et al.. Regulation of Cancer Cell Metabolism. 

Nat Rev Cancer, 11, 85-95 (2011).
2 Gatenby, R.A. et al. Why Do Cancers Have High Aerobic 

Glycolysis? Nature Rev. Cancer, 4, 891-899 (2004).
3. Vander Heiden, M.G., et al. Understanding the Warburg 

Effect: The Metabolic Requirements of Cell Proliferation. 
Science, 324, 1029-1033 (2009).

Proteins Involved in Aerobic Glycolysis
Name Description Cat. No.

Glyceraldehyde-3-phosphate 
Dehydrogenase from human 
erythrocytes

GAPDH catalyzes the conversion of glyceraldehyde 3-phosphate to glycerate 1,3-biphosphate. GAPDH is essential for  
both glycolysis and gluconeogenesis. In addition to its roles in metabolism, GAPDH has been reported to function as  
a transcriptional coactivator and an apoptosis inducer.

G6019-100UN

Pyruvate kinase M2,  
active human

Pyruvate kinase M2 (PKM2) is an isoform of pyruvate kinase that is expressed in certain differentiated cells and in  
proliferatively active cells. PKM2 is often overexpressed in cancer cells.

SRP0188-20UG

Pyruvate kinase M2, active  
from mouse

SRP0189-20UG

PDHK1, active, GST-tagged 
human

PDHK1 or Pyruvate Dehydrogenase Kinase 1 is a member of the PDHK family that phosphorylate and inactivate pyruvate 
dehydrogenase (PDH).

SRP5247-10UG

PDHK2, active, GST-tagged 
human

PDHK2 or Pyruvate Dehydrogenase Kinase 2 is a member of the PDHK family that phosphorylate and inactivate pyruvate 
dehydrogenase (PDH).

SRP5248-10UG

PDHK3, active, GST-tagged 
human

PDHK3 or Pyruvate Dehydrogenase Kinase 3 is a member of the PDHK family that phosphorylate and inactivate pyruvate 
dehydrogenase (PDH).

SRP5249-10UG

PDHK4, active, GST-tagged 
human

PDHK4 or Pyruvate Dehydrogenase Kinase 4 is a member of the PDHK family that phosphorylate and inactivate pyruvate 
dehydrogenase (PDH).

SRP5250-10UG

http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/G6019
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/SRP0188
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/SRP0189
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/SRP5247
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/SRP5248
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/SRP5249
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/SRP5250
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Inhibitors and Activators of  Aerobic Glycolysis
Name Structure Description Cat. No.

Bromopyruvic acid
Br OH

O

O

– 16490-10G
16490-50G
16490-500G

α-Cyano-4-
hydroxycinnamic acid

HO

OH

O

CN

Specific inhibitor of monocarboxylic acid transport, including lactate and pyruvate transport.  
Also reported to block β-cell apical anion exchange (IC50 of 2.4 mM).

C2020-10G
C2020-25G

Cytochalasin B from 
Drechslera dematioidea

CH2

O

OHN

O

H

OH

H

OH

H3C
CH3

Inhibits actin polymerization; inhibits glucose transport. C6762-1MG
C6762-5MG
C6762-10MG
C6762-25MG
C6762-50MG

(+)-Dehydroabietylamine
H3C CH3

CH3

H
CH3

H2N

– 105198-100G

2-Deoxy-d-glucose
O

OH OH

HO

HO

2-Deoxy-D-Glucose (2-Deoxyglucose) is a glucose analog that inhibits glycolysis via its actions on 
hexokinase, the rate limiting step of glycolysis. It is phosphorylated by hexokinase to 2-DG-P which 
cannot be further metabolized by phosphoglucose isomerase. This leads to the accumulation  
of 2-DG-P in the cell and the depletion in cellular ATP. In vitro, 2-Deoxyglucose has been shown to 
induce autophagy, increase ROS production, and activate AMPK.

D8375-10MG
D8375-1G
D8375-5G
D8375-25G
D8375-100G

Dichloroacetic acid

Cl2HC OH

O

– D54702-5ML
D54702-100ML
D54702-500ML
D54702-2.5L
D54702-5G
D54702-1KG

Fasentin

H3C N
H

OO
Cl

CF3 Fastentin is a novel inhibitor of glucose uptake, GLUT1 inhibitor. F5557-5MG
F5557-25MG

Gossypol from cotton seeds - Gossypol is a male antifertility agent and PAF antagonist/inhibitor. G8761-100MG
G8761-250MG

Lonidamine

N
N

OH

O

Cl

Cl

Inhibits the energy metabolism of neoplastic cells by interfering with hexokinase and disrupting 
uncoupler-stimulated mitochondrial electron transport; damages cell and mitochondrial membranes.

L4900-5MG
L4900-25MG

ML-9 – Shown to inhibit insulin-induced translocation of both GLUT4 and GLUT1 in a dose-dependent 
manner. Also reported to inhibit agonist-induced Ca2+ entry into endothelial cells and catecholamine 
secretion in intact and permeabilized chromaffin cells.

C1172-5MG

Phloretin O

HO

OH

OHHO

Blocks L-type Ca2+ channels; activates Ca2+-activated K+ channels in amphibian myelinated nerve fibers. 
Monocarboxylate transporter inhibitor.

P7912-25MG
P7912-100MG
P7912-250MG

Phloridzin dihydrate

O

OH

OH

OHHO

O O

OH

• 2H2O

HO

OH

– P3449-100MG
P3449-500MG
P3449-1G
P3449-5G
P3449-10G

Sodium dichloroacetate
Cl

ONa

O

Cl

– 347795-10G
347795-50G

Sodium oxamate
H2N

ONa

O

O

Structural analog of pyruvate, inhibits L(+)-lactate dehydrogenase and derails the entire  
gluconeogenic pathway. Binding studies with lactate dehydrogenase; Mechanism of inhibition  
of mitochondrial pyruvate metabolism.

O2751-5G
O2751-25G
O2751-100G

http://www.sigmaaldrich.com/catalog/search/ProductDetail/ALDRICH/16490
http://www.sigmaaldrich.com/catalog/search/ProductDetail/ALDRICH/16490
http://www.sigmaaldrich.com/catalog/search/ProductDetail/ALDRICH/16490
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/C2020
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/C2020
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/C6762
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/C6762
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/C6762
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/C6762
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/C6762
http://www.sigmaaldrich.com/catalog/search/ProductDetail/ALDRICH/105198
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/D8375
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/D8375
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/D8375
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/D8375
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/D8375
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIAL/D54702
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIAL/D54702
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIAL/D54702
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIAL/D54702
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIAL/D54702
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIAL/D54702
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/F5557
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/F5557
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/G8761
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/G8761
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/L4900
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/L4900
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/C1172
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/P7912
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/P7912
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/P7912
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/P3449
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/P3449
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/P3449
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/P3449
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/P3449
http://www.sigmaaldrich.com/catalog/search/ProductDetail/ALDRICH/347795
http://www.sigmaaldrich.com/catalog/search/ProductDetail/ALDRICH/347795
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/O2751
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/O2751
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/O2751
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Glycolysis Metabolites
Name Structure Description Cat. No.

Dihydroxyacetone phosphate 
dilithium salt P

O

OLi
OLiOHO

O A metabolic intermediate involved in many pathways, including glycolysis and the Calvin cycle. D7137-5MG
D7137-10MG
D7137-25MG
D7137-100MG
D7137-250MG

d-Fructose 1,6-bisphosphate 
trisodium salt hydrate OH

OH

HO

OOPHO
O

OH

O P OH
O

OH

• 3Na

• xH2O

Fructose-1,6-biphosphate (F1,6P) is a glycolytic intermediate produced by the transfer 
of a phosphate from ATP to fructose-6-phosphate by the enzyme phosphofructokinase. 
Fructose-1,6-biphosphate, along with fructose-2,6-biphosphate, modulates the activity of  
phosphofructokinase-1 (PFK-1), the rate-limiting step in glycolysis. Fructose-1,6-biphosphate  
is also an allosteric activator of the M2 isoform of Pyruvate Kinase (PKM2), the predominant 
form of pyruvate kinase in cancer cells.

F6803-10MG
F6803-1G
F6803-5G

d-Fructose 6-phosphate 
disodium salt hydrate O

OH

O

HO

OH

• xH2O
OH

PNaO
O

ONa

Fructose-6-phosphate is a glycolytic intermediate produced by the isomerization of  
glucose-6-phosphate by phosphoglucoisomerase.

F3627-10MG
F3627-100MG
F3627-500MG
F3627-1G
F3627-5G

d-(+)-Glucose
O

OH

OH
OH

HO

HO

Provides the primary energy source for cell metabolism. G5146-1KG
G5146-10KG

d-Glucose 6-phosphate 
sodium salt OP

OH

O

NaO

O

OH

OH

OH

OH

In cells, D-glucose 6-phosphate (G6P) is generated when glucose is phosphorylated by  
hexokinase or glucokinase, or by the conversion of glucose-1-phosphate by phosphogluco-
mutase during glycogenolysis. G6P lies at the beginning of both glycolysis and the pentose 
phosphate pathways. It also can be stored as glycogen when blood glucose levels are high.

G7879-500MG
G7879-1G
G7879-5G
G7879-25G

dL-Glyceraldehyde 3- 
phosphate solution

– Glyceraldehyde 3-phosphate is an intermediate in several metabolic pathways, including 
glycolysis and gluconeogenesis.

G5251-25MG
G5251-100MG
G5251-250MG
G5251-500MG
G5251-1G

Phospho(enol)pyruvic acid 
monopotassium salt

P
O

OH
OKO

OH
CH2

O Phospho(enol)pyruvic acid (PEP) is an intermediate in glycolysis and gluconeogeneis.  
In glycolysis, PEP is metabolized by Pyruvate Kinase to yield pyruvate. In plants, PEP is involved 
in the formation of aromatic amino acids as well as in the carbon fixation pathway.

P7127-100MG
P7127-250MG
P7127-500MG
P7127-1G
P7127-5G

d(+)2-Phosphoglyceric acid 
sodium salt hydrate P O

O

O

OH

Na+

Na+

O
O

• H2O

O Enantiomerically pure metabolite of glycolysis/gluconeogenesis and also substrate for a number 
of important enzymes in central metabolism like enolase and phosphoglycerate mutase.

79470-50MG
79470-250MG
79470-1G

d-(−)-3-Phosphoglyceric acid 
disodium salt P

O

-O O

O-

O

HO
OH

Na+

Na+

3-Phosphoglyceric acid is an intermediate in glycolysis. It also a precursor in the formation  
of serine.

P8877-10MG
P8877-1G
P8877-5G
P8877-10G

Sodium L-lactate
H3C

ONa
OH

O L-lactate is produced from pyruvate by the enzyme Lacate Dehydrogenase. Lactate production 
occurs during anaerobic glycolysis or in proliferatively active cells.

L7022-5G
L7022-10G
L7022-50G

Sodium Pyruvate
H3C

ONa
O

O Sodium Pyruvate has shown antioxidant properties and protective effects against oxygen 
radicals. Pyruvate is produced as part of glycolysis and is an intermediate in many metabolic 
pathways. It can be converted into acetyl-CoA and enter the TCA Cycle.

P5280-25G
P5280-100G
P5280-500G

http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/D7137
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/D7137
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/D7137
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/D7137
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/D7137
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/F6803
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/F6803
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/F6803
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/F3627
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/F3627
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/F3627
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/F3627
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/F3627
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/G5146
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/G5146
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/G7879
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/G7879
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/G7879
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/G7879
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/G5251
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/G5251
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/G5251
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/G5251
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/G5251
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/P7127
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/P7127
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/P7127
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/P7127
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/P7127
http://www.sigmaaldrich.com/catalog/search/ProductDetail/FLUKA/79470
http://www.sigmaaldrich.com/catalog/search/ProductDetail/FLUKA/79470
http://www.sigmaaldrich.com/catalog/search/ProductDetail/FLUKA/79470
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/P8877
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/P8877
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/P8877
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/P8877
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/L7022
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/L7022
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/L7022
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/P5280
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/P5280
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/P5280
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Kits For Studying Aerobic Glycolysis Metabolites and Metabolic Enzymes
Sigma® Life Science offers a wide range of kits for analyzing both critical metabolites and the activity of key metabolic enzymes. These kits offer 
convenient, simple, and highly-dependable assays for monitoring metabolic pathways.

Name Cat. No.

Glucose-6-Phosphate Assay Kit MAK014-1KT

Fructose-6-Phosphate Assay Kit MAK020-1KT

High Sensitivity Glucose-6-Phosphate Assay Kit MAK021-1KT

NAD/NADH Quantitation Kit MAK037-1KT

Acetyl-Coenzyme A Assay Kit MAK039-1KT

Lactate Assay Kit MAK064-1KT

Lactate Assay Kit II MAK065-1KT

Lactate Dehydrogenase Activity Assay Kit MAK066-1KT

Malate Assay Kit MAK067-1KT

Pyruvate Assay Kit MAK071-1KT

Pyruvate Kinase Activity Assay Kit MAK072-1KT

Antibodies Against Glycolytic Proteins
Product 
Name Host Gene Symbol Reacts With Application

Prestige
Antibody Cat. No.

Anti-GAPDH antibody 
produced 
in rabbit

GAPDH, human
Gapdh, rat
Gapdh, mouse

human
mouse
rat

IF (i)
IP
WB

– G9545-25UL
G9545-200UL

Monoclonal 
Anti-GAPDH 

antibody 
produced 
in mouse

Gapdh, rat
Gapdh, mouse
GAPDH, human

bovine
canine
chicken
hamster
human
mink
monkey
mouse
rabbit
rat
turkey

ARR
ELISA (i)
ICC
WB

– G8795-25UL
G8795-200UL

Anti-GPI antibody 
produced 
in rabbit

GPI, human human IF (i)
IHC (p)
PA
WB

✔ HPA024305-100UL

Anti-GPI  
(211-225) 

antibody 
produced 
in rabbit

GPI, human human WB – G0422-200UL

Anti-HK2 antibody 
produced 
in rabbit

HK2, human human IHC (p)
PA
WB

✔ HPA028587-100UL

Anti-HK2 antibody 
produced 
in rabbit

HK2, human bovine
chicken
human, mouse 
rat
pig

WB – AV54303-50UG

Anti-HK2  
(416-429) 

antibody 
produced 
in rabbit

HK2, human human WB – H2165-200UL

Anti-LDHA antibody 
produced 
in rabbit

LDHA, human bovine
human, mouse 
rat
pig
rabbit

WB – SAB2101329-50UG

Immunofluorescence

Anti-PGAM2 (38-50): Cat. No. G5672: Immunofluores-
cence of HUVEC cells using PGAM2 (38-50) (RB), Cat. No. 
G5672 (red) at a 1:100 dilution, taken at 40× magnification 
and nuclear staining with Hoescht 33342 (blue). Yale HTCB 
IF procedure used. 

Immunofluorescence

Anti-GPI (211-225): Cat. No. G0422: Immunofluorescence 
of HUVEC cells using GPI (211-225) (RB), Cat. No. G0422 
(red) at a 1:50 dilution, taken at 40× magnification and 
nuclear staining with Hoescht 33342 (blue). Yale HTCB IF 
procedure used. 

http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/MAK014-1KT
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/MAK020-1KT
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/MAK021-1KT
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/MAK037-1KT
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/MAK039-1KT
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/MAK064-1KT
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/MAK065-1KT
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/MAK066-1KT
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/MAK067-1KT
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/MAK071-1KT
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/MAK072-1KT
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/G9545
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/G9545
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/G8795
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/G8795
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/HPA024305
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/G0422
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/HPA028587
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/AV54303
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/H2165
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/SAB2101329
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/G5672
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/G5672
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/G5672
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/G0422
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/G0422
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Product 
Name Host Gene Symbol Reacts With Application

Prestige
Antibody Cat. No.

Anti-LDHA antibody 
produced 
in rabbit

LDHA, human human
rabbit
zebrafish

WB – AV54777-50UG

Anti-LDHA 
(216-228) 

antibody 
produced 
in rabbit

LDHA, human human WB – SAB1100050-200UL

Anti-PFKL antibody 
produced 
in rabbit

PFKL, human human IHC (p)
PA
WB

✔ HPA030047-100UL

Anti-PFKM antibody 
produced 
in rabbit

PFKM, human human IHC (p)
PA
WB

✔ HPA002117-100UL

Monoclonal 
Anti-PFKM, 
(C-terminal) 

antibody 
produced 
in mouse

PFKM, human human ELISA (i)
WB

– SAB1402306-100UG

Anti-PGAM1 
(126-140) 

antibody 
produced 
in rabbit

PGAM1,  
human

human WB – SAB1100295-200UL

Anti-PGAM2 antibody 
produced 
in rabbit

PGAM2,  
human

human, mouse 
rat
pig
zebrafish

WB – AV48138-50UG

Anti-PGAM2 
(38-50) 

antibody 
produced 
in rabbit

PGAM2,  
human

human WB – G5672-200UL

Anti-PGK1 
(131-145) 

antibody 
produced 
in rabbit

PGK1, human human WB – K0766-200UL

Anti-PGK1 
(267-278) 

antibody 
produced 
in rabbit

PGK1, human human WB – K0891-200UL

Anti-PKM2 antibody 
produced 
in rabbit

PKM2, human human IF (i)
IHC (p)
PA
WB

✔ HPA029501-100UL

Monoclonal 
Anti-PKM2 

antibody 
produced 
in mouse

PKM2, human human ELISA (i)
WB

– WH0005315M1-200UL

Anti-PKM2 
(isoform M2) 

antibody 
produced 
in rabbit

PKM2, human human IF (i)
IHC
IP
WB

– SAB4200095-25UL
SAB4200095-200UL

Anti-PKM2 
(C-terminal) 

antibody 
produced 
in rabbit

PKM2, human
Pkm2, mouse, rat

human
mouse
rat

IF (i)
IP
WB

– SAB4200105-25UL
SAB4200105-200UL

Antibodies Against Glycolytic Proteins (continued)

Immunofluorescence

Anti-HK2 (416-429) (RB): Cat. No. H2165: Immunofluores-
cence of HUVEC cells using HK2 (416-429) (RB), Cat. No. 
H2165 (red) at a 1:100 dilution, taken at 40× magnification 
and nuclear staining with Hoescht 33342 (blue). Yale HTCB 
IF procedure used.

Immunofluorescence

Anti-GPI: Cat. No. HPA024305: Immunofluorescent  
staining of human cell line U-2 OS shows positivity in  
nucleus but not nucleoli, plasma membrane, nor cytoplasm.

Immunofluorescence

Anti-PKM2: Cat. No. HPA029501: Immunofluorescent 
staining of human cell line U-251MG shows positivity  
in cytoplasm.

http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/AV54777
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/SAB1100050
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/HPA030047
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/HPA002117
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/SAB1402306
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/SAB1100295
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/AV48138
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/G5672
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/K0766
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/K0891
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/HPA029501
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/WH0005315M1
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/SAB4200095
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/SAB4200095
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/SAB4200105
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/SAB4200105
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/H2165
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/H2165
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/H2165
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/HPA024305
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/HPA029501
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Glutamine Metabolism is Dysregulated in Many Cancer Cells

Glutamine Metabolism is Dysregulated  
in Many Cancer Cells

Proliferatively active cells require both a 
source of carbon and of nitrogen for the 
synthesis of macromolecules. Although 
a large proportion of tumor cells utilize 
aerobic glycolysis and shunt metabolites 
away from mitochondrial oxidative 
phosphorylation, many tumor cells 
exhibit increased mitochondrial activity. In 
these cells, glutamine uptake is markedly 
enhanced and far exceeds the metabolic 
requirements of the cell. Much of this 
glutamine is inefficiently used and secreted 
from the cells as lactic acid, ammonia, or 
alanine, a situation with many parallels to 
the inefficient metabolism of glucose by 
many cancer cells.1 Glutamine is used by the 
cell for both bioenergetic and biosynthetic 
needs. Glutamine can be used as an amino 
acid for protein synthesis, as a carbon 
source, or as the primary nitrogen donor for 
multiple essential biosynthetic reactions in 
the cell. Once taken up by the cell, much 
of the glutamine is converted to glutamate 
by mitochondrial glutaminase, an enzyme 
whose levels are often upregulated in tumors 
and tumor lines.2,3 Glutaminase is required  
for the proliferation of both a human  
B lymphoid tumor line and PC3 prostrate 
cancer cells, suggesting that targeting this 

pathway is a viable therapeutic option.4,5 
Both glutamine and glutamate contribute 
to anabolic metabolism; glutamine supplies 
nitrogen for nucleotide and hexosamine 
synthesis while glutamate is the nitrogen 
donor for the synthesis of many nonessential 
amino acids. Glutamate can be used to 
support the production of NADPH or 
converted to the metabolic intermediates 
pyruvate and α-ketoglutarate.

It is now well appreciated that many of the 
signaling pathways that promote oncogenesis 
also reprogram glutamine metabolism, and 
in many cells the dependence on glutamine 
is absolute, a condition termed glutamine 
addiction.6 The most well characterized 
oncogene driving enhanced glutamine 
metabolism is C-MyC. Many cancers exhibit 
increased expression of the transcription 
factor MYC and MYC has been implicated 
in the regulation of many genes involved in 
energy metabolism, mitochondrial biogenesis, 
and cell cycle regulation.4 In a study with 
an inducible C-MyC transgene, C-MyC 
expression resulted in the induction of many 
key glutamine metabolic proteins including 
glutamine transporters and glutaminase.7 

The reliance of many cells on aerobic 
glycolysis results in a decrease in the amount 
of pyruvate entering the tricarboxylic acid 
(TCA) cycle because metabolites upstream 
of pyruvate are being fed into other 
biosynthetic pathways and pyruvate is 
converted to lactic acid. Since metabolites 
generated during the TCA cycle are required 
for the synthesis of lipids, nonessential 
amino acids, and nucleotides, an actively 
dividing cell requires a mechanism for 

replenishing this cycle. Many cancer cells rely 
on glutamate anaplerosis to refill the TCA 
cycle. Glutamate enters the TCA cycle via its 
conversion to α-ketoglutarate by the actions 
of either transaminases or glutamante 
dehydrogenase.2 Malate and citrate created 
by the TCA cycle are then available for 
further biosynthetic pathways.

References:
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Bioenergetics: Metabolic Programs in Oncogenesis. 
Endocrine-Related Cancer. 17, R287-R304 (2010).

2. DeBerardinis, R. J. and Cheng, T. Q’s next: The Diverse 
Functions of Glutamine in Metabolism, Cell Biology, 
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3. Levine, A. J. and Puzio-Kuter, A. M. The Control of the 
Metabolic Switch in Cancers by Oncogenes and Tumor 
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Micro-Managing Glutamine Metabolism. Cancer Res., 
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Inhibitors and Activators of  
Glutamine Metabolism

O-(Carboxy methyl)hydroxyl 
amine hemihydrochloride
(Amino oxy)acetic acid hemihydrochloride;  
(Carboxy methoxy)amine hemihydrochloride; 
Hydroxyl amine-O-acetic acid hemihydrochloride 
[2921-14-4] NH2OCH2COOH · 0.5HCl  FW 109.30

 98%

C13408-1G glass btl 1 g
C13408-10G glass btl 10 g
C13408-25G glass btl 25 g

6-Diazo-5-oxo-l-nor leu cine
DON; (S)-2-Amino-6-diazo-5-oxo-
caproic acid [157-03-9]  C6H9N3O3  
FW 171.15

O
OHH2N

H

O
N+–N

 crystalline

DON is used to study mechanisms of glutamine 
utilizing enzymes such as carbamoyl phosphate 
synthase and cytidine triphosphate synthase.

store at −20 °C

D2141-5MG 5 mg
D2141-25MG 25 mg

Dimethyl 2-oxo glutarate

Dimethyl α-keto glutarate [13192-04-6]  
CH3O2CCH2CH2COCO2CH3  FW 174.15

 96%

349631-5G 5 g

(−)-Epig allo ca techin gallate

EGCG; (−)-cis-3,3’,4’,5,5’,7-Hexa hydroxy-flavane-3-gallate; 
(−)-cis-2-(3,4,5-Tri hydroxy phenyl)-3,4-dihydro-1(2H)-
benzo pyran-3,5,7-triol 3-gallate [989-51-5]  C22H18O11  
FW 458.37

 ≥95%, from green tea

ECGG inhibits fatty acid synthase and glutamate 
dehydrogenase activity.

E4143-50MG 50 mg

Perphenazine

[58-39-9]  C21H26ClN3OS  FW 
403.97

ClN

S

N
N

OH

Inhibits glutamate dehydrogenase in vitro.

P6402-1G 1 g
P6402-5G 5 g

Metabolites Associated with Glutamine Metabolism
Name Structure Description Cat. No.

Acetyl coenzyme 
A sodium salt N

N N

N

NH2

O

O

OP

O

OH

O

OH

PHO O

P

O

OH

O
H3C CH3

NH

HO

O O

NH
S

OH
H3C

O

• xNa

Acetyl-CoA is an essential cofactor and carrier of acyl groups in enzymatic acetyl transfer reactions. A2056-1MG
A2056-5MG
A2056-10MG
A2056-25MG
A2056-100MG

L-Alanine
H3C

OH

O

NH2

L-Alanine is a nonessential amino acid which is a key player in the Glucose-Alanine cycle, which enables 
the removal of pyruvate and glutamate from muscle to the liver.

A7469-10MG
A7469-25G
A7469-100G
A7469-1KG

L-Glutamic acid
HO OH

OO

NH2

Glutamic acid also plays a key role in many metabolic pathways. It is converted to α-ketoglutarate, a key 
component of the TCA cycle, and a precursor for the biosynthesis of nucleic acids and certain amino 
acids. In cells, glutamine is converted to glutamate by the enzyme glutaminase.

G8415-10MG
G8415-100G
G8415-1KG

L-Glutamine 
solution H2N OH

O O

NH2

L-glutamine is an essential amino acid that is a crucial component of culture media that serves as a major 
energy source for cells in culture. L-glutamine is very stable as a dry powder and as a frozen solution. In 
liquid media or stock solutions, however, L-glutamine degrades relatively rapidly.

G7513-20ML
G7513-100ML

α-Ketoglutaric acid 
sodium salt HO ONa

OO

O

α-Ketoglutaric acid is a key intermediate in the TCA Cycle. It also plays an important role in preventing 
nitrogen overload by combining with nitrogen released within the cell.

K2010-5G
K2010-25G
K2010-100G

Oxaloacetic acid
HO

OH
O

O O Oxaloacetic acid is an intermediate in the TCA Cycle. O4126-1G
O4126-5G
O4126-25G
O4126-100G

Sodium citrate 
tribasic dihydrate

NaO
ONa

O

O
HO

ONa

O

• H2O

• H2O

Citrate is a intermediate in the TCA cycle and fatty acid synthesis. Citrate is an allosteric modulator of 
acetyl-CoA carboxylase, the enzyme that regulates the conversion of acetyl-CoA to malonyl-CoA.

C3434-250G
C3434-1KG

Sodium L-lactate
H3C

ONa
OH

O L-Lactate is produced from pyruvate by the enzyme lacate dehydrogenase. Lactate production occurs 
during anaerobic glycolysis or in proliferatively active cells.

L7022-5G
L7022-10G
L7022-50G

http://www.sigmaaldrich.com/catalog/search/ProductDetail/ALDRICH/C13408
http://www.sigmaaldrich.com/catalog/search/ProductDetail/ALDRICH/C13408
http://www.sigmaaldrich.com/catalog/search/ProductDetail/ALDRICH/C13408
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/D2141
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/D2141
http://www.sigmaaldrich.com/catalog/search/ProductDetail/ALDRICH/349631
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/E4143
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/P6402
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/P6402
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/A2056
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/A2056
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/A2056
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/A2056
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/A2056
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/A7469
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/A7469
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/A7469
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/A7469
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/G8415
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/G8415
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/G8415
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/G7513
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/G7513
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/K2010
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/K2010
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/K2010
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/O4126
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/O4126
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/O4126
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/O4126
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIAL/C3434
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIAL/C3434
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/L7022
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/L7022
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/L7022
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Kits for Studying Glutamine Metabolism
Sigma® Life Science offers a wide range of kits for analyzing both critical metabolites and the activity of key metabolic enzymes. These kits offer 
convenient, simple, and highly-dependable assays for monitoring metabolic pathways.

Name Cat. No.

Acetyl-Coenzyme A Assay Kit MAK039-1KT

Alanine Assay Kit MAK001-1KT

Ammonia Assay Kit AA0100-1KT

Coenzyme A (CoA) Assay Kit MAK034-1KT

FAD Assay Kit MAK035-1KT

Fumarate Assay Kit MAK060-1KT

Glutamate Assay Kit MAK004-1KT

Glutamine and Glutamate Determination Kit GLN1-1KT

Isocitrate Assay Kit MAK061-1KT

α-Ketoglutarate Assay Kit MAK054-1KT

NAD/NADH Quantitation Kit MAK037-1KT

Oxaloacetate Assay Kit MAK070-1KT

Antibodies Against Proteins Involved in Glutamine Metabolism
Product 
Name Host Gene Symbol Reacts With Application

Prestige
Antibody Cat. No.

Anti-GMPS antibody  
produced in rabbit

GMPS,  
human

bovine
chicken
human, mouse, rat
zebrafish

WB – SAB2103202-
50UG

Anti-CAD antibody  
produced in rabbit

CAD,  
human

human
mouse

ELISA (i)
IHC

– SAB4503137-
100UG

Anti-CAD 
(ab1) 

antibody  
produced in rabbit

CAD,  
human

canine
chicken
human, mouse, rat
zebrafish

WB – SAB2100333-
50UG

Anti-GART antibody  
produced in mouse

GART,  
human

human WB – SAB1405850-
50UG

Anti-GART antibody  
produced in rabbit

GART,  
human

human IHC (p)
PA

✔ HPA005779-
100UL

Anti-GLS antibody  
produced in rabbit

GLS,  
human

human IHC (p)
PA

✔ HPA036223-
100UL

Anti-GLS antibody  
produced in rabbit

GLS,  
human

human WB – SAB2105954-
50UG

Monoclonal  
Anti-GLS, 
(C-terminal) 

antibody  
produced in mouse

GLS,  
human

human ELISA (c)
ELISA (i)
WB

– SAB1403870-
100UG

Anti-GMPS antibody  
produced in mouse

GMPS,  
human

human WB – SAB1406735-
50UG

Anti-PPAT antibody  
produced in mouse

PPAT,  
human

human WB – SAB1406278-
50UG

Anti-PPAT antibody  
produced in rabbit

PPAT,  
human

human IHC (p)
PA

✔ HPA036092-
100UL

Anti-Pyruvate  
Carboxylase 

antibody  
produced in goat

PC,  
human

bovine
canine
human
mouse
pig
rat

ELISA (i)
WB

– SAB2500845-
100UG

Immunohistochemistry

Anti-GLS: Cat. No. HPA036223: Immunohistochemical 
staining of human kidney shows strong cytoplasmic 
positivity in cells in tubules.

Immunohistochemistry

Anti-PPAT: Cat. No. HPA036092: Immunohistochemical 
staining of human colon shows moderate cytoplasmic 
positivity in glandular cells.

http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/MAK039-1KT
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/MAK001-1KT
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/AA0100
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/MAK034-1KT
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/MAK035-1KT
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/MAK060-1KT
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/MAK004-1KT
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/GLN1
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/MAK061-1KT
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/MAK054-1KT
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/MAK037-1KT
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/MAK070-1KT
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/SAB2103202
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/SAB2103202
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/SAB4503137
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/SAB4503137
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/SAB2100333
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/SAB2100333
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/SAB1405850
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/SAB1405850
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/HPA005779
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/HPA005779
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/HPA036223
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/HPA036223
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/SAB2105954
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/SAB2105954
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/SAB1403870
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/SAB1403870
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/SAB1406735
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/SAB1406735
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/SAB1406278
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/SAB1406278
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/HPA036092
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/HPA036092
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/SAB2500845
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/SAB2500845
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/HPA036223
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/HPA036092
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Fatty Acid Synthesis and Metabolism in Cancer Cells

Fatty Acid Synthesis and Metabolism in Cancer Cells
Proliferatively active cells require fatty acids 
for functions such as membrane generation, 
protein modification, and bioenergetic 
requirements. These fatty acids are derived 
either from dietary sources or are synthesized 
by the cell. While most non-transformed 
cells rely on dietary-derived fatty acids to 
meet their biosynthetic and bioenergetic 
needs, many cancer cells exhibit a lipogenic 
phenotype with the upregulation of many 
of the proteins involved in de novo fatty acid 
synthesis. In particular, overexpression of the 
multi-enzyme complex fatty acid synthase 
(FASN) is common to many tumor cells and 
is often associated with poor prognosis.1 
In addition to increased FASN activity, 
oncogenic progression is often associated 
with the increased activity and expression 
of many enzymes involved in fatty acid 
synthesis such as acetyl-CoA carboxylase 
(ACC) and ATP citrate lyase (ACL).1,2 

Fatty acid synthesis requires acetyl-CoA 
generated from citrate produced by the TCA 
cycle or from cytoplasmic α-ketoglutarate. 
Excess pyruvate generated by enhanced 
glycolysis is converted to acetyl-CoA in 
the mitochondria through the activity of 
pyruvate dehydrogenase and shuttled 
to the cytoplasm as citrate via the citrate 
shuttle.1 Glutamine metabolism can 
produce citrate either through the TCA 
cycle or by the reductive carboxylation 
of cytoplasmic α-ketoglutarate to citrate 
by isocitrate dehydrogenase-1 (IDH1). 
The latter pathway is favored by cells with 
defects in mitochondrial oxidation, cells 
growing in hypoxic conditions, or those 
exhibiting pseudohypoxia due to activated 
HIF signaling.3,4 Citrate is converted back to 
acetyl-CoA and oxaloacetate in a reaction 
catalyzed by ACL. Cytoplasmic acetyl-CoA is 
then carboxylated to malonyl-CoA through 
ACC, the rate-limiting step for long-chain 

fatty acid synthesis. Malonlyl-CoA and acetyl-
CoA are converted to palmitate by FASN.1,2

Oncogenic signaling contributes both 
directly and indirectly to the upregulation of 
fatty acid synthesis pathways. The increased 
expression and activity of ACL, ACC, and 
FASN in multiple cancer types suggests 
this pathway may contribute to increased 
survival and proliferation of tumor cells. Both 
PI3K/AKT and MAPK signaling contributes 
to the increased expression of FASN and 
other lipogenic proteins, and ACL is a direct 
target of AKT phosphorylation.1 Inhibition 
of ACL activity in glycolytically-active tumor 
cells resulted in their decreased proliferation 
and survival.5 Similarly, the RNAi-mediated 
knockdown of ACC resulted in decreased 
proliferation and survival of certain tumor 
cells.1,6 Accumulating evidence suggests 
that FASN, in addition to its role in fatty acid 
synthesis, is a metabolic oncogene. Ectopic 
expression of FASN in non-transformed 
prostrate cells protected the cells from 
apoptosis, and the injection of transgenic 
FASN-expressing prostrate cells in a xenograft 

model resulted in increased neoplasia when 
compared to controls. Small molecule 
inhibitors of FASN, such as Cerulenin and 
C75, preferentially promote apoptosis of 
cancer cells compared to normal cells. In 
addition, many naturally occurring dietary 
compounds and polyphenols such as 
catechin, epigallocatechin, and luteolin are 
being investigated as potential fatty acid 
synthesis inhibitors.6

References:
1. Menedez, J. A. and Lupu, R. Fatty Acid Synthase and the 

Lipogenic Phenotype in Cancer Pathogenesis. Nature 
Rev. Cancer, 7, 763-777 (2007).

2. Mashima, T. et al. De Novo Fatty-Acid Synthesis and  
Related Pathways as Molecular Targets for Cancer 
Therapy. Br. J. Cancer, 100, 1369-1372 (2009).

3. Metallo, C. M. et al. Reductive Glutamine Metabolism 
by IDH1 Mediates Lipogenesis Under Hypoxia. Nature. 
481, 380-384 (2012).

4. Mullen, A. R. et al. Reductive Carboxylation Supports 
Growth in Tumour Cells With Defective Mitochondria. 
Nature. 481, 385-388 (2012).

5. Hatzivassiliour, G. et al. ATP Citrate Lyase Inhibition  
Can Suppress Tumor Cell Growth. Cancer Cell. 8,  
311-321 (2005).

6. Flavin, R. et al. Fatty Acid Synthase as a Potential  
Therapeutic Target in Cancer. Future Oncol. 6,  
551-562 (2010).
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Proteins Involved in Fatty Acid Metabolism
Name Description Cat. No.

Acetyl-CoA Carboxylase 
1 human

Acetyl-CoA Carboxylase (ACC) catalyzes the formation of Malonyl CoA through the irreversible carboxylation of acetyl CoA. ACC  
is activated by citrate, glutamate, and dicarboxylic acids and negatively regulated by long- and short chain-fatty acyl-CoAs. ACC1  
is essential for breast cancer and prostrate cancer cell survival.

A6986-10UG

ATP Citrate Lyase Active 
human

ATP citrate lyase is an enzyme involved in fatty acid synthesis that generates cytosolic acetyl-CoA and oxaloacetate from citrate and 
CoA. ATP citrate lyase is often upregulated in cancer.

SRP0288-10UG

PDHA1 (30-390),  
His-tagged human

PDHA1 [pyruvate dehydrogenase (lipoamide) alpha 1] is a member of the pyruvate dehydrogenase (PDH) complex. PDHA1 is a  
nuclear-encoded mitochondrial multienzyme complex which catalyzes the overall conversion of pyruvate to acetyl-CoA and CO2,  
and provides the primary link between glycolysis and the tricarboxylic acid (TCA) cycle.

SRP5238-50UG

Inhibitors and Activators of  Fatty Acid Biosynthesis Pathways
Name Structure Description Cat. No.

Apigenin OH

HO O

O

OH

A plant flavonoid that has been found to inhibit cell proliferation by arresting the cell cycle at the G2/M 
phase. Apigenin has been shown to induce apoptosis in human cancer cells via the inhibition of fatty 
acid synthase.

A3145-5MG
A3145-25MG
A3145-100MG

N-Arachidonylma-
leimide

CH3

N OO
N-Arachidonylmaleidmide, NAM, is a potent irreversible inhibitor of monoacylglycerol lipase (MAGL), 
the enzyme predominantly responsible for the degradation of the endocannabinoid 2-arachidonoylg-
lycerol (2-AG).

A2984-5MG
A2984-25MG

C75

O OCH3(CH2)6CH2

CH2
HO

O C75 is a novel, potent synthetic inhibitor of fatty acid synthase (FAS), which is used as a tool for  
studying fatty acid synthesis in metabolic disorders and cancer.

C5490-5MG
C5490-25MG

(+)-Catechin 
hydrate

O

OH
OH

HO

OH
OH

• xH2O

An antioxidant flavonoid of plant origin; a free radical scavenger, preventing free radical-mediated 
damage in a variety of biological systems. Catechin may also function as an inhibitor of fatty  
acid synthase.

C1251-5G
C1251-10G

Cerulenin O
O

ONH2

CH3

Cerulenin, an antibiotic and antifungal, is an inhibitor of fatty acid biosynthesis; in vitro inhibition  
of HIV-1 proteinase.

C2389-5MG
C2389-10MG
C2389-50MG

(−)-Epigallocatechin 
gallate

OHO

OH
O

OH

OH

OH

O

OH
OH

OH

ECGG inhibits fatty acid synthase and glutamate dehydrogenase activity. E4143-50MG

GSK837149A – GSK837149A is a selective inhibitor of human fatty acid synthase (FAS). G5547-5MG
G5547-25MG

5-Iodotubericidin

O

OH

HO

N

N N

NH2

OH

I 5-Iodotubercidin increases fatty acid oxidation activity and glycogen synthesis in hepatocytes. I100-5MG
I100-25MG

Irgasan

O
Cl OH

Cl Cl It is an inhibitor of the enoyl-ACP (acyl-carrier protein) reductase component of type II fatty acid  
synthase (FAS-II) in bacteria and Plasmodium. It also inhibits mammalian fatty acid synthase (FASN),  
and may have anticarcinogenic activity.

72779-5G-F
72779-25G-F

JZL 184 hydrate O O

N
O2N

O

OO

O

OH

• xH2O

JZL184 selectively inhibits MAGL, the enzyme predominantly responsible for the degradation of the 
endocannabinoid 2-arachidonoylglycerol (2-AG).

J3455-5MG

Kaempferol

O

O
OH

OH

HO

OH

Kaempferol inhibits the activity of fatty acid synthase. K0133-10MG
K0133-50MG
K0133-100MG
K0133-500MG

http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/A6986
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/SRP0288
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/SRP5238
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/A3145
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/A3145
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/A3145
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/A2984
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/A2984
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/C5490
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/C5490
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/C1251
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/C1251
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/C2389
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/C2389
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/C2389
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/E4143
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/G5547
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/G5547
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/I100
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/I100
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/72779
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/72779
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/J3455
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/K0133
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/K0133
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/K0133
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/K0133
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Name Structure Description Cat. No.

Luteolin

O

OOH

OH

OH

HO

Flavone derivative; strong antioxidant and radical scavenger. Possible cancer prevention role.  
May inhibit fatty acid synthase activity.

L9283-10MG
L9283-50MG

MEDICA 16 H3C CH3
HO

O H3C CH3
OH

O MEDICA 16 is an ATP-citrate lyase inhibitor and potent triacylglycerol-lowering agent. M5693-5MG
M5693-25MG

Orlistat

O
O

CH3(CH2)4CH2

O
CH3

CH3(CH2)9CH2

CH3

O

NHH

O Orlistat, used in obesity research, is a pancreatic lipase inhibitor that acts locally in the gastrointestinal 
tract to inhibit lipase.

O4139-25MG
O4139-100MG

Osthole
O OH3CO

CH3H3C

Active constituent of Cnidium monnieri, a traditional Chinese medicine used for its anti-inflammatory, 
analgesic, and anti-lipedemic activities. Suppression of fatty acid synthase expression in HER2-overex-
pressing breast cancer cells indicates osthole as a promising agent for chemotherapy.

O9265-10MG
O9265-50MG

Palmitic acid
CH3(CH2)13CH2 OH

O Palmitic acid is a straight-chain 16-carbon fatty acid. It is a negative regulator of acetyl-CoA carboxylase 
(ACC) and is implicated in fatty acid-induced insulin resistance.

P5585-10G
P5585-25G
P5585-100G

Platensimycin Selectively inhibits lipid biosynthesis by targeting FabF/B within the fatty acid synthesis pathway. P0025-100UG

Quercetin Quercetin is a flavonoid with anticancer activity. Quercetin is a mitochondrial ATPase and phosphodies-
terase inhibitor. It Inhibits PI3-kinase activity and slightly inhibits PIP kinase activity. Quercetin may also 
inhibit fatty acid synthase activity.

Q4951-10G
Q4951-100G

Ranolazine  
dihydrochloride

• 2HCl

N
N

O
OH

OCH3

H
N

CH3

H3C
O

pFOX (partial fatty acid oxidation) inhibitor, a new class of anti-anginal drugs, which inhibit fatty acid 
β-oxidation and activates pyruvate dehydrogenase, thereby diverting the heart’s energy source from 
lipids to glucose, which requires less oxygen and helps maintain myocardiac function at times  
of ischemia

R6152-100MG
R6152-500MG

S-2E O OH

O

N O

CH3

CH3

CH3

HMG-CoA reductase and acetyl-CoA carboxylase inhibitor. S6445-5MG
S6445-25MG

(±)-Taxifolin hydrate O
OH

O

OH

HO
OH

OH

• xH2O
Flavonoid, antioxidant. Inhibits lipogenesis in cancer cells, most likely by targeting fatty acid  
synthase activity.

T4512-25MG
T4512-100MG

TOFA
O

O

OHO
CH3(CH2)12CH2

A cell-permeable, potent, reversible, and competitive inhibitor of acetyl-CoA carboxylase (ACC).  
Key enzyme involved in fatty acid biosynthesis. Inhibits cellular fatty acid synthesis in a dose-dependent 
manner (IC50 = 4 mM in human breast cancer cell line MCF7).

T6575-5MG
T6575-25MG

URB602 H
N O

O

URB602 is an inhibitor of monoacylglycerol lipase (MGL). U3010-5MG
U3010-25MG

Inhibitors and Activators of  Fatty Acid Biosynthesis Pathways (continued)

http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/L9283
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/L9283
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/M5693
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/M5693
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/O4139
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/O4139
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/O9265
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/O9265
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/P5585
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/P5585
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/P5585
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/P0025
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/Q4951
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/Q4951
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/R6152
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/R6152
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/S6445
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/S6445
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/T4512
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/T4512
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/T6575
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/T6575
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/U3010
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/U3010
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Metabolites Involved in Fatty Acid Metabolism
Name Structure Description Cat. No.

Acetyl coenzyme A 
sodium salt N

N N

N

NH2

O

O

OP

O

OH

O

OH

PHO O

P

O

OH

O
H3C CH3

NH

HO

O O

NH
S

OH
H3C

O

• xNa

Acetyl-CoA is an essential cofactor and carrier of acyl groups in enzymatic acetyl 
transfer reactions.

A2056-1MG
A2056-5MG
A2056-10MG
A2056-25MG
A2056-100MG

α-Ketoglutaric acid 
sodium salt HO ONa

OO

O

α-Ketoglutaric acid is a key intermediate in the TCA Cycle. It also plays an important 
role in preventing nitrogen overload by combining with nitrogen released within  
the cell.

K2010-5G
K2010-25G
K2010-100G

Malonyl coenzyme A 
lithium salt

PO
O

OH O

O

O

N

N N

N

NH2

OHPHO
O

OH

PO
O

OH

• xLi

H
N

H
N

SHO
H3C CH3

OH

OO

OO

Malonyl Coenzyme A is a coenzyme A derivative that is utilized in fatty acid and 
polyketide synthesis, and in the transport of α-ketoglutarate across the mitochondrial 
membrane. Malonyl CoA is formed by the Acetyl CoA Carboxylase-mediated  
carboxylation of acetyl CoA.

M4263-5MG
M4263-10MG
M4263-25MG
M4263-100MG

β-Nicotinamide 
adenine dinucleo-
tide 2’-phosphate 
reduced tetrasodium 
salt hydrate

O

HO

O

N

NN

N

NH2

O

PO

O

O-
P

O

O–

N

HO OH
O

O

NH2

O

Na+

P
O–

O

-ONa+

Na+

Na+

Electron donor; cofactor for many redox enzymes. N7505-25MG
N7505-100MG
N7505-250MG
N7505-500MG
N7505-1G

Oxaloacetic acid
HO

OH
O

O O Oxaloacetic acid is an intermediate in the TCA Cycle. O4126-1G
O4126-5G
O4126-25G
O4126-100G

Sodium citrate 
tribasic dihydrate

NaO
ONa

O

O
HO

ONa

O

• H2O

• H2O

Citrate is a intermediate in the TCA cycle and fatty acid synthesis. Citrate is an  
allosteric modulator of acetyl-CoA carboxylase, the enzyme that regulates the  
conversion of acetyl-CoA to malonyl-CoA.

C3434-250G
C3434-1KG

Sodium fumarate 
dibasic

NaO
ONa

O

O – F1506-25G
F1506-100G
F1506-500G

Sodium palmitate
CH3(CH2)13CH2 ONa

O Sodium palmitate is the sodium salt of palmitic acid. Palmitic acid is a common 
saturated fatty acid produced during fatty acid synthesis.

P9767-5G
P9767-10G
P9767-50G

Sodium pyruvate
H3C

ONa
O

O Sodium Pyruvate has shown antioxidant properties and protective effects against 
oxygen radicals. Pyruvate is produced as part of glycolysis and is an intermediate  
in many metabolic pathways. It can be converted into acetyl CoA and enter the  
TCA Cycle.

P5280-25G
P5280-100G
P5280-500G

Sodium succinate 
dibasic hexahydrate NaO

ONa
O

O

• 6H2O

– S5047-100G
S5047-500G

Kits For Studying Fatty Acid Metabolism
Sigma® Life Science offers a wide range of kits for analyzing both critical metabolites and the activity of key metabolic enzymes. These kits offer 
convenient, simple, and highly-dependable assays for monitoring metabolic pathways.

Name Cat. No.

Coenzyme A (CoA) Assay Kit MAK034-1KT

NADP/NADPH Quantitation Kit MAK038-1KT

L-Carnitine Assay Kit MAK063-1KT

Acetyl-Coenzyme A Assay Kit MAK039-1KT

Citrate Assay Kit MAK057-1KT

Oxaloacetate Assay Kit MAK070-1KT

Ammonia Assay Kit AA0100-1KT

TCA Cycle Metabolite Library ML0010-1KT

http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/A2056
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/A2056
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/A2056
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/A2056
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/A2056
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/K2010
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/K2010
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/K2010
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/M4263
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/M4263
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/M4263
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/M4263
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/N7505
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/N7505
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/N7505
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/N7505
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/N7505
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/O4126
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/O4126
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/O4126
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/O4126
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIAL/C3434
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIAL/C3434
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/F1506
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/F1506
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/F1506
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/P9767
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/P9767
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/P9767
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/P5280
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/P5280
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/P5280
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIAL/S5047
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIAL/S5047
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/MAK034-1KT
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/MAK038-1KT
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/MAK063-1KT
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/MAK039-1KT
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/MAK057-1KT
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/MAK070-1KT
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/AA0100
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/ML0010
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Antibodies Against Proteins Involved in Fatty Acid Metabolism

Product Name Host Gene Symbol Reacts With Application
Prestige

Antibody Cat. No.

Monoclonal  
Anti-ACACA 

antibody 
produced in 
mouse

ACACA,  
human

human ELISA (i)
WB

– WH0000031M1-100UG

Anti-ACC1,  
N-Terminal 

antibody 
produced in 
rabbit

ACACA,  
human

human
mouse
rat

IHC
WB

– SAB4501396-100UG

Anti-Acetyl-CoA 
Carboxylase,  
N-Terminal 

antibody 
produced in 
rabbit

ACACA,  
human

human
mouse
rat

IHC
WB

– SAB4501395-100UG

Anti-ACLY antibody 
produced in 
rabbit

ACLY, human human IHC (p)
PA
WB

✔ HPA022953-100UL

Anti-ACLY antibody 
produced in 
rabbit

ACLY, human human IF (i)
IHC (p)
PA
WB

✔ HPA022959-100UL

Anti-ACLY antibody 
produced in 
rabbit

ACLY, human human IF (i)
IHC (p)
PA
WB

✔ HPA028758-100UL

Anti-ATP-Citrate 
Lyase 

antibody 
produced in 
rabbit

ACLY, human human
mouse
rat

ELISA (i)
WB

– SAB4501964-100UG

Anti-FASN antibody 
produced in 
rabbit

FASN, human human IF (i)
IHC (p)
PA
WB

✔ HPA006461-100UL

Monoclonal  
Anti-FASN 

antibody 
produced in 
mouse

FASN, human human ELISA (i)
IF (i)
WB

– SAB1403807-100UG

Anti-Fatty  
Acid Synthase  
(C-terminal) 

antibody 
produced in 
rabbit

Fasn, mouse
Fasn, rat
FASN, human

human
mouse
rat

WB
WB

– F9679-200UL

Anti-IDH1 antibody 
produced in 
rabbit

IDH1, human human IHC (p)
PA
WB

✔ HPA035248-100UL

Anti-MGLL antibody 
produced in 
mouse

MGLL, human human WB – SAB1407139-50UG

Anti-MGLL antibody 
produced in 
rabbit

MGLL, human human IHC (p)
PA
WB

✔ HPA011994-100UL

Anti-Monoglyc-
eride lipase 

antibody 
produced in 
goat

MGLL, human canine
human
mouse
rat

ELISA (i)
WB

– SAB2500641-100UG

Anti-PDHA1 antibody 
produced  
in mouse

PDHA1,  
human

human IHC (p)
WB

– SAB1406239-50UG

Immunofluorescence

Anti-FASN: Cat. No. HPA006461: Immunofluorescent 
staining of human cell line A-431 shows positivity  
in cytoplasm.

Immunofluorescence

Anti-ACLY: Cat. No. HPA022959: Immunofluorescent 
staining of human cell line U-251MG shows positivity  
in nucleus but not nucleoli and cytoplasm.

http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/WH0000031M1
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/SAB4501396
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/SAB4501395
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/HPA022953
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/HPA022959
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/HPA028758
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/SAB4501964
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/HPA006461
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/SAB1403807
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/F9679
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/HPA035248
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/SAB1407139
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/HPA011994
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/SAB2500641
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/SAB1406239
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/HPA006461
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/HPA022959
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Product Name Host Gene Symbol Reacts With Application
Prestige

Antibody Cat. No.

Anti-PDHA1  
(AB1) 

antibody 
produced  
in rabbit

PDHA1,  
human

bovine
canine
chicken
human 
mouse, rat
pig

WB – AV48136-100UG

Anti-PDHB antibody 
produced  
in rabbit

PDHB, human bovine
canine
human 
mouse, rat
zebrafish

WB – SAB2101756-50UG

Anti-PDHB antibody 
produced  
in rabbit

PDHB, human human IHC (p)
PA
WB

✔ HPA036744-100UL

Anti-PDHX antibody 
produced  
in rabbit

PDHX, human human IHC (p)
PA
WB

✔ HPA038485-100UL

Anti-PDHX  
(131-145) 

antibody 
produced  
in rabbit

PDHX, human human IF (i)
WB

– SAB1100710-200UL

Immunohistochemistry

Anti-MGLL: Cat. No. HPA011994: Immunohistochemical 
staining of human small intestine shows strong  
cytoplasmic positivity in glandular cells.

Antibodies Against Proteins Involved in Fatty Acid Metabolism (continued)

biomolecules

Bioguarantee.
Sigma® Life Science offers a collection 
of  more than 55,000 antibodies,  
all 100% Bioguaranteed.*

Find the antibody you need:
sigma.com/antibodyexplorer

*Experimental results must be submitted via the Antibody Bioguarantee Form within 12 months of the date 
of purchase. All required fields of the Antibody Bioguarantee Form must be completed. Refunds and 
replacements contingent to claim review by technical service team. Credit covers the cost of antibody. 
Product replacements depend on product availability.

http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/AV48136
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/SAB2101756
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/HPA036744
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/HPA038485
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/SAB1100710
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/HPA011994
http://www.sigma.com/antibodyexplorer
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Nucleotide Synthesis in Cancer Cells

Nucleotide Synthesis in Cancer Cells

Neoplastic cells are highly dependent on the 
de novo synthesis of nucleotides to maintain 
sufficient pools to support DNA replication 
and the production of RNA. The metabolic 
pathways supporting nucleotide production 
are dependent on metabolic intermediates 
provided by glycolysis and the TCA cycle.1 
Metabolic reprogramming that occurs 
during oncogenesis favors the increased 
utilization of these intermediates for anabolic 
pathways. Oncogenic cells control flux 
through glycolysis at multiple control points 
to favor the accumulation of metabolites 
that feed into biosynthetic pathways.

Metabolites from glycolysis are shunted  
into the pentose phosphate pathway (PPP) 
and used for the production of ribose- 
5-phosphate, the 5-carbon sugar moiety  
of nucleotides. The PPP has two branches,  
an oxidative branch which produces ribose- 
5-phosphate and NADPH-reducing 
equivalents, and a nonoxidative branch 
which produces ribose-5-phosphate.  
In neoplastic cells, the nonoxidative branch 
of the PPP, catalyzed by transketolase and 
transaldolase, is favored.1 The reactions of 

the nonoxidative branch of the PPP are 
reversible. Therefore, in order to maintain 
ribose-5-phosphate production, high 
levels of the glycolytic intermediates 
glyceraldehyde-3-phosphate and fructose-
6-phosphate need to be maintained by the 
cell. Most tumor cells express the inactive, 
dimeric form of pyruvate kinase M2 (PKM2), 
the enzyme which catalyzes pyruvate 
formation as the final step of glycolysis. 
The decreased activity of PKM2 results 
in the build up of upstream metabolic 
intermediates which can be shunted into 
other biosynthetic pathways.2 In addition, 
many oncogenic cells upregulate the 
activity and expression of the PPP enzyme 
transketolase. In particular, the expression 
of transketolase 1 (TKTL1) is upregulated 
in many cancer cells and is associated with 
poor prognosis.3

The synthesis of purines and pyrimidines 
is also upregulated in cancer cells, and 
enzymes that catalyze these pathways, 
including thymidylate synthase and inosine 
synthetase 2, are subject to MYC-induced 
upregulation.1,4 MYC also upregulates 
glutamine uptake and metabolism. 
Glutamine serves as a nitrogen source 
for multiple steps of both purine and 
pyrimidine synthesis.5 In addition, in order 
for the TCA cycle to continue to function 
as a biosynthetic hub, anaplerotic reactions 
are required to replenish the TCA cycle. 
Glutaminolysis is the major mechanism 
for TCA anapleurosis to replenish TCA 
intermediates diverted for nucleotide synthesis.

References:
1. Tong, X. et al. The Molecular Determinants of De Novo 

Nucleotide Biosynthesis in Cancer Cells. Curr. Opin. 
Genet. Dev. 19, 32-37 (2009).

2. DeBardinis, R. J. et al. Brick By Brick: Metabolism and 
Tumor Growth. Curr. Opin. Genet. Dev. 18, 54-61 (2008).

3. Langbein, S. et al. Expression of Transketolase TKTL1 
Predicts Colon and Urothelial Cancer Patient Survival: 
Warburg Effect Reinterpreted. Br. J. Cancer. 94, 579-585 
(2006).

4. Mannava, S. et al. Direct Role of Nucleotide Metabolism 
in C-Myc-Dependent Proliferation of Melanoma Cells. 
Cell Cycle. 15, 2392-2400 (2008).

5. Wise, D.R. and Thompson, C.B. Glutamine Addiction:  
A New Therapeutic Target in Cancer. Trends Biochem. 
Sci. 35, 427-433 (2010).
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Inhibitors and Activators of  Nucleotide Synthesis
Name Structure Description Cat. No.

Aminopterin

N

N N

N

H2N

NH2

N
H

N
H

OH

O

O
OHO Folic acid antagonist that binds to dihydrofolate reductase and inhibits its activity. A1784-50MG

A1784-100MG
A1784-1G

S-Benzoylthiamine 
O-monophosphate

N

N

CH3

NH2

N
S

CH3

HO

O

OPHO
O

OH

– B9636-250MG

Cytosine β-d-
arabinofuranoside N

N

NH2

O

OH

HO
O

HO

Ara-C incorporates into DNA and inhibits DNA replication by forming cleavage complexes 
with topoisomerase I resulting in DNA fragmentation; does not inhibit RNA synthesis.  
Anti-leukemia agent.

C1768-100MG
C1768-500MG
C1768-1G
C1768-5G

Decoyinine

O

OH

H2C

N

N N

N

NH2

HO OH

Specific inhibitor of GMP synthetase (GMPS). GMPS catalyzes the amination of xanthosine 
monophosphate to guanosine monophosphate.

D1071-25MG

EBPC

N

OH3C

O

O

OH
EBPC is an aldose reductase inhibitor; anti-cancer. PZ0140-5MG

PZ0140-25MG

5-Fluoro-2’-deoxy-
uridine

O

OH

HO

HN

N

O

O

F
Antineoplastic drug that acts as a potent inhibitor of thymidylate synthetase. Resistance  
to FUdR can develop in cancer cell cultures, among other means, by low-level Mycoplasma 
infection.

F0503-100MG
F0503-250MG
F0503-1G

5-Fluorouracil

N
H

NH

O

O

F
A potent antitumor agent that affects pyrimidine synthesis by inhibiting thymidylate  
synthetase thus depleting intracellular dTTP pools. It is metabolized to ribonucleotides  
and deoxyribonucleotides, which can be incorporated into RNA and DNA. Treatment  
of cells with 5-FU leads to an accumulation of cells in S-phase and has been shown to 
induce p53 dependent apoptosis.

F6627-1G
F6627-5G
F6627-10G

Gemcitabine hydro-
chloride

OH F

F

O

N

N

O

NH2

HO • HCl

Gemcitabine is a widely used antineoplastic agent and antimetabolite. G6423-10MG
G6423-50MG

6-Mercaptopurine 
monohydrate HN

N

N
H

N

S

• H2O
6-Mercaptopurine is a widely used antileukemic agent that inhibits de novo purine synthesis 
through incorporation of thiopurine methyltransferase metabolites into DNA and RNA.

852678-1G-A
852678-5G-A

Methotrexate

HO OH

NHH

O O

O

N
N

N

N

N
CH3

NH2

NH2

• xH2O

Potent inhibitor of dihydrofolate reductase and agent for antitumor studies. Use to inhibit 
dihydrofolate reductase in DHFR-based protein expression systems. Methotrexate is an  
allosteric inhibititor of dihydrofolate reductase (DHFR), the enzyme that catalyzes the  
conversion of dihydrofolate to tetrahydrofolate. Since tetrahydrolfolate is required for  
purine and pyrimidine synthesis, methotrexate treatment results in the inhibition of DNA 
and RNA synthesis.

M9929-25MG
M9929-100MG
M9929-500MG

Mycophenolic acid
O

O OH

OCH3

CH3

CH3

OH

O

Mode of Action: Blocks inosine monophosphate dehydrogenase in the guanosine 
monophosphate pathway.

M5255-50MG
M5255-250MG

Oxythiamine chloride 
hydrochloride

– Oxythiamine inhibits transketolase, the enzyme that controls the nonoxidative branch of  
the pentose phosphate pathway.

O4000-1G
O4000-5G

Ribavirin

O

OH

HO

OH

N
N

N NH2

O Antiviral agent. Its metabolite, ribavirin 5’-phosphate, is an inhibitor of inosine monophos-
phate (IMP) dehydrogenase. Used to inhibit purine (GTP pools) biosynthesis at the level of 
inosine monophosphate (IMP) dehydrogenase and as a precursor to the di- and tri-phos-
phates which inhibit viral RNA-dependent RNA polymerases.

R9644-10MG
R9644-50MG

http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/A1784
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/A1784
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/A1784
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/B9636
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/C1768
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/C1768
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/C1768
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/C1768
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/D1071
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/PZ0140
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/PZ0140
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/F0503
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/F0503
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/F0503
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/F6627
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/F6627
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/F6627
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/G6423
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/G6423
http://www.sigmaaldrich.com/catalog/search/ProductDetail/ALDRICH/852678
http://www.sigmaaldrich.com/catalog/search/ProductDetail/ALDRICH/852678
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIAL/M9929
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIAL/M9929
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIAL/M9929
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/M5255
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/M5255
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/O4000
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/O4000
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/R9644
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/R9644
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Name Structure Description Cat. No.

Thiamine  
hydrochloride

N

N

NH2

H3C S

N
CH3

OH

Cl

• HCl

Required to support energy metabolism and amino acid synthesis in cultured cells. Present 
in many classical and serum-free formulations.

T1270-25G
T1270-100G

6-Thioguanine
N

N N
H

N

SH

H2N

Antimetabolite used in the treatment of leukemias. Competes with hypoxanthine and 
guanine for the enzyme hypoxanthine-guanine phosphoribosyltransferase, which catalzyes 
a critical step in the generation of purine nucleotides.

A4882-100MG
A4882-250MG
A4882-500MG
A4882-1G
A4882-5G

Nucleotide Synthesis Metabolites and Cofactors
Name Structure Description Cat. No.

d-Fructose 6-phosphate  
disodium salt hydrate O

OH

O

HO

OH

• xH2O
OH

PNaO
O

ONa

Fructose-6-phosphate is a glycolytic intermediate produced by the isomerization of  
glucose-6-phosphate by phosphoglucose isomerase.

F3627-10MG
F3627-100MG
F3627-500MG
F3627-1G
F3627-5G

d-Glucose 6-phosphate  
sodium salt OP

OH

O

NaO

O

OH

OH

OH

OH

In cells, D-glucose 6-phosphate (G6P) is generated when glucose is phosphorylated by 
hexokinase or glucokinase or by the conversion of glucose-1-phosphate by phosphogluco-
mutase during glycogenolysis. G6P lies at the beginning of both glycolysis and the pentose 
phosphate pathways. It also can be stored as glycogen when blood glucose levels are high.

G7879-500MG
G7879-1G
G7879-5G
G7879-25G

Glycine
H2N

O

OH

Glycine is a non-chiral amino acid that can be synthesized in the body from the amino acid 
serine by serine hydroxymethyltransferase.

G7126-10MG
G7126-100G
G7126-500G
G7126-1KG
G7126-5KG
G7126-25KG

Inosine 5’-monophosphate 
disodium salt HN

N

N

O

N

O

OH

OPNaO
O

ONa

OH

Inosine monophosphate, or inosinic acid, is the ribonucleotide of hypoxanthine and the first 
nucleotide formed during purine synthesis.

I4625-5G
I4625-25G
I4625-100G

β-Nicotinamide adenine  
dinucleotide 2’-phosphate  
reduced tetrasodium salt 
hydrate O

HO

O

N

NN

N

NH2

O

PO

O

O-
P

O

O–

N

HO OH
O

O

NH2

O

Na+

P
O–

O

-ONa+

Na+

Na+

Electron donor; cofactor for many redox enzymes. N7505-25MG
N7505-100MG
N7505-250MG
N7505-500MG
N7505-1G

d-(−)-3-Phosphoglyceric  
acid disodium salt P

O

-O O

O-

O

HO
OH

Na+

Na+

3-Phosphoglyceric acid is an intermediate in glycolysis. It also a precursor in the formation  
of serine.

P8877-10MG
P8877-1G
P8877-5G
P8877-10G

5-Phospho-d-ribose  
1-diphosphate pentasodium 
salt O

O

OHOH

O
PNaO

P

ONa

O
O

NaO

O P
ONa

O

ONa

– P8296-25MG
P8296-100MG
P8296-250MG
P8296-500MG

d-Ribose 5-phosphate  
disodium salt hydrate

O

OH

O

OH

OH

P

O

NaO
ONa • xH2O

Ribose-5-phosphate is an intermediate of the oxidative branch of the Pentose Phosphate  
Pathway (PPP) and an end product of the nonoxidative branch of the PPP. Ribose-5-phosphate  
is used in the synthesis of nucleotides and nucleic acids.

R7750-10MG
R7750-250MG
R7750-1G
R7750-5G

L-Serine
OHHO

O

NH2

Precursor of glycine by serine hydroxymethyltransferase. S4500-10MG
S4500-1G
S4500-100G
S4500-1KG

Inhibitors and Activators of  Nucleotide Synthesis (continued)
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Kits For Studying Nucleotide Metabolism
Sigma® Life Science offers a wide range of kits for analyzing both critical metabolites and the activity of key metabolic enzymes. These kits offer 
convenient, simple, and highly-dependable assays for monitoring metabolic pathways.

Name Cat. No.

Glucose-6-Phosphate Dehydrogenase Assay Kit MAK015-1KT

NADP/NADPH Quantitation Kit MAK038-1KT

Antibodies Against Proteins Involved in Nucleotide Synthesis

Product Name Host
Gene 
Symbol Reacts With Application

Prestige
Antibody Cat. No.

Anti-G6PD antibody 
produced 
in rabbit

G6PD, 
human

human IF (i)
IHC (p)
PA
WB

✔ HPA000247-100UL

Anti-G6PD  
(AA 305-318) 

antibody 
produced 
in goat

G6PD, 
human

canine
human
mouse
rat

ELISA (i)
WB

– SAB2500437-100UG

Monoclonal Anti-
G6PD, (C-terminal) 

antibody 
produced 
in mouse

G6PD, 
human

human ELISA (i) – SAB1403846-200UL

Anti-IMPDH1 antibody 
produced 
in mouse

IMPDH1,  
human

human WB – SAB1406036-50UG

Anti-IMPDH1 antibody 
produced 
in rabbit

IMPDH1,  
human

bovine
canine
chicken
human, mouse, rat
zebrafish

WB – SAB2101156-50UG

Anti-IMPDH2 antibody 
produced 
in goat

IMPDH2,  
human

human ELISA (i)
WB

– SAB2501201-100UG

Anti-IMPDH2 antibody 
produced 
in rabbit

IMPDH2,  
human

human IHC (p)
PA
WB

✔ HPA001400-100UL

Anti-IMPDH2 antibody 
produced 
in rabbit

IMPDH2,  
human

bovine
canine
chicken
human, mouse, rat
zebrafish

WB – AV54366-50UG

Anti-PFKM antibody 
produced 
in rabbit

PFKM, 
human

human IHC (p)
PA
WB

✔ HPA002117-100UL

Immunofluorescence

Anti-TALDO1 (31-45) : Cat. No. SAB1100646:  
Immunofluorescence of HUVEC cells using TALDO1  
(31-45) , Cat. No. SAB1100646 (red) at a 1:100 dilution, 
taken at 40x magnification and nuclear staining with 
Hoescht 33342 (blue). Yale HTCB IF procedure used. 

Immunohistochemistry

Anti-IMPDH2: Cat. No. HPA001400: Immunoperoxidase 
staining of formalin-fixed, paraffin-embedded human 
placenta tissue showing positive cytoplasmic and/or 
membranous staining of trophoblastic cells.

http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/MAK015-1KT
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/MAK038-1KT
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/HPA000247
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/SAB2500437
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/SAB1403846
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/SAB1406036
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/SAB2101156
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/SAB2501201
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/HPA001400
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/AV54366
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/HPA002117
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/SAB1100646
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/HPA001400
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Product Name Host
Gene 
Symbol Reacts With Application

Prestige
Antibody Cat. No.

Anti-PRPS2 antibody 
produced 
in rabbit

PRPS2, 
human

bovine
canine
chicken
human, mouse, rat
zebrafish

WB – SAB2101886-50UG

Anti-PRPS2  
(AB2) 

antibody 
produced 
in rabbit

PRPS2, 
human

canine
chicken
human, mouse, rat

WB – AV41510-100UG

Anti-TALDO1  
(31-45) 

antibody 
produced 
in rabbit

TALDO1,  
human

human IF (i)
WB

– SAB1100646-200UL

Anti-TALDO1  
(291-305) 

antibody 
produced 
in rabbit

TALDO1,  
human

human IF (i)
WB

– SAB1100647-200UL

Anti-TKTL1 antibody 
produced 
in rabbit

TKTL1, 
human

human IHC (p)
PA
WB

✔ HPA000505-100UL

Anti-TYMS antibody 
produced 
in mouse

TYMS, 
human

human WB – SAB1406564-50UG

Anti-TYMS antibody 
produced 
in rabbit

TYMS, 
human

bovine
human, mouse, rat

WB – AV48543-50UG

Monoclonal  
Anti-TYMS 

antibody 
produced 
in mouse

TYMS, 
human

human ELISA (i)
IHC (p)
WB

– SAB1404503-100UG

Antibodies Against Proteins Involved in Nucleotide Synthesis (continued)

Immunohistochemistry

Anti-G6PD: Cat. No. HPA000247: Immunoperoxidase 
staining of formalin-fixed, paraffin-embedded human 
testis tissue showing cytoplasmic and/or membranous 
staining of Leydig cells and cells in ductus seminiferus.

Immunohistochemistry

Monoclonal Anti-TYMS: Cat. No. SAB1404503:  
Antibody concentration: 1.5 μg/mL using human  
stomach carcinoma tissue.

http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/SAB2101886
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/AV41510
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/SAB1100646
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/SAB1100647
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/HPA000505
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/SAB1406564
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/AV48543
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http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/SAB1404503
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biocells

Biobeyond.
Cell lines to shape cancer research.

Understand the role of specific disease-associated 

genes in colorectal and breast cancer. Enhance 

your research with genetically modified human cell 

lines from Sigma® Life Science that model disease-

specific patient populations.

sigma.com/biocells

http://www.sigma.com/biocells
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