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Rising rates of obesity and the aging of 

populations in multiple countries is 
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syndrome and associated diseases like 

type 2 diabetes. Insulin resistance is 
thought to be one of the earliest indications of metabolic dysfunction 

and may arise decades before the development of other disorders.  This 
issue of Biofiles features our comprehensive collection of reagents and 

kits for studying insulin resistance and metabolic syndrome disorders
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components for subsequent in vivo and in vitro research applications.
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Metabolic syndrome, also known as insulin 
resistance syndrome, encompasses a 
constellation of associated risk factors that 
increase the likelihood for developing 
multiple diseases, including artherosclerotic 
cardiovascular disease, type 2 diabetes, and 
non-alcoholic steatohepatitis. The main 
features of metabolic syndrome are insulin 
resistance, hypertension, and dysregulated 
cholesterol levels. It is well established that 
the development of metabolic syndrome is 
strongly associated with obesity, inactivity, 
and genetics and the likelihood of disease 
development increases with age. With 
increasing world-wide obesity rates and 
the aging populations in many countries, 
there has been a global rise in the incidence 
of metabolic syndrome. For example, it is 
currently estimated that between 25% and 
34% of the U.S. adult population over 20 
years of age meet the criteria for metabolic 
syndrome. From an economic point of view, 
the rising rates of metabolic syndrome and its 
associated illnesses are fueling dramatically 
increasing health care costs. For example, a 
study published in Health Affairs found that 
almost all the growth in Medicare spending 
in the United States between 1987 and 2002 
was due to patient treatment for disorders 
related to metabolic syndrome.

Insulin resistance is thought to underpin 
many of the components of metabolic 
syndrome and can occur years before 
the manifestation of disorders such as 
type 2 diabetes. Although there are rare 
monogenic defects that lead to insulin 
resistance, the common forms of insulin 
resistance are multifactorial with key inputs 

from both genetic and environmental 
factors. In agreement with this, multiple 
environmentally-induced cellular defects 
have been identified that lead to insulin 
resistance in susceptible individuals. 
These include decreased insulin signaling 
in obese patients and animals and 
dysregulated fatty acid metabolism in 
response to nutrient excess.

Understanding the mechanisms that 
lead to insulin resistance are vital to the 
development of new therapies and the 
identification of new drug targets for treating 
this condition before it evolves into disorders 
such as diabetes or cardiovascular disease.

In this issue of Biofiles, we focus on our 
comprehensive portfolio of products for 
studying insulin resistance and metabolic 
syndrome. Included in this issue are products 
for studying:

Insulin resistance and energy homeostasis•	
Lipid-induced insulin resistance•	
Mitochondrial dysfunction and •	
metabolism defects 

Oxidative stress and mitochondrial •	
research
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Glucose metabolism is regulated by the 
opposing actions of insulin and glucagon. 
Insulin is released from pancreatic β cells 
in response to high blood glucose levels 
and regulates glucose metabolism through 
its actions on muscle, liver, and adipose 
tissue. The binding of insulin to its receptor 
activates multiple proteins including 
Phosphatidylinositol 3-Kinase (PI3K). PI3K 
activity controls pathways regulating glucose 
transporter 4 (Glut4) translocation to the 
membrane, lipolysis, and glycogen synthesis. 
The activation of PI3K results in the uptake of 
glucose into skeletal and adipose cells and 
the storage of excess glucose as glycogen. 
Insulin resistance in skeletal muscle is 
associated with impaired signaling through 
the insulin receptor/PI3K signaling axis with 
subsequent defects in Glut4 translocation and 
glycogen synthesis. In adipose tissue, insulin 
resistance is associated with decreased fat 
storage and increased fatty acid mobilization. 

Insulin affects two major processes 
within hepatocytes, gluconeogenesis 
and triglyceride synthesis. Upon insulin 
receptor signaling, the transcription factor 
FoxO1 becomes phosphorylated and is 
excluded from the nucleus. FoxO1 controls 
the transcription of factors involved in 
gluconeogenesis, and inactivation of this 
protein normally results in a down-regulation 
of gluconeogenic activities. Insulin also 
activates the transcription factor SREBP-1c, 
which controls triglyceride synthesis. Under 
normal conditions, insulin signaling results in 
decreased hepatocyte glucose production 
and increased triglyceride synthesis. 
Individuals with insulin resistance present 
with hyperglycemia and hypertriglyceridemia 
even in the presence of high plasma insulin 
levels (hyperinsulinemia). This strongly 
suggests that within the liver, insulin 
resistance is partial. Insulin fails to suppress 
gluconeogenesis while the triglyceride 

Insulin Signaling and Energy Homeostasis

Insulin Signaling and Energy Homeostasis

synthesis pathway remains sensitive to 
insulin. This results in hyperglycemia and 
hypertriglyceridemia.

Glucagon, which is released from pancreatic 
α cells in response to low blood glucose 
levels, acts on liver cells to promote 
glycogen breakdown (glycogenolysis) 
and to encourage glucose synthesis via 
gluconeogenesis. The net effect of glucagon 
signaling is an increase in blood glucose 
levels. For reasons that are not entirely clear, 
patients with type 2 diabetes often present 
with hyperglucagonaemia which results 
in continued glucose output by hepatic 
cells. This suggests that targeting glucagon 
signaling in hepatocytes may be a viable 
treatment option for type 2 diabetes. 

Insulin binding to its receptor initiates multiple signaling molecules including those leading to Phosphatidylinositol (PI)-3-Kinase 
activation. PI-3-Kinase activation contributes to multiple tissue-specific biological processes, including Glut4 translocation from 
intracellular vesicles to the plasma membrane, the inhibition of lipolysis, and the upregulation of glycogen synthesis. The actions of 
insulin are countered by glucagon receptor signaling.
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Reagents for Insulin Signaling and Glucose Metabolism
Name Form Description Cat. No.

Insulin human powder Regulates the cellular uptake, utilization, and storage of glucose, amino acids, and fatty acids and inhibits the 
breakdown of glycogen, protein, and fat.

I1507-.1MG
I1507-.5MG

Insulin solution human solution Two-chain polypeptide hormone produced by the β-cells of pancreatic islets. Its molecular weight is ~5800 Da. 
The α and β chains are joined by two interchain disulfide bonds. The α chain contains an intrachain disulfide 
bond. Insulin regulates the cellular uptake, utilization, and storage of glucose, amino acids, and fatty acids and 
inhibits the breakdown of glycogen, protein, and fat.

I9278-5ML

d-(+)-Glucose - - G7528-10MG
G7528-250G
G7528-1KG
G7528-5KG

d-(+)-Glucose solution solution - G8769-100ML

Glucagon powder - G2044-1MG
G2044-5MG
G2044-25MG

Insulin Receptor from rat liver buffered 
aqueous 
glycerol 
solution

Receptor protein tyrosine kinase that mediates the activity of insulin. I9266-1VL

InsR (1011-end), active, 
GST tagged human

InsR is the insulin receptor tyrosine kinase that is involved in insulin signaling. InsR is post-translationally 
cleaved into two chains, α and β, that are covalently linked. Binding of insulin to the InsR stimulates glucose 
uptake. Insulin receptor signaling helps to maintain fuel homeostasis and prevent diabetes. Studies have 
shown that a conditional knockout of insulin receptor substrate 2 (IRS2) in mouse pancreas β cells and parts 
of the brain—including the hypothalamus—increased appetite, lean and fat body mass, linear growth, and 
insulin resistance that progressed to diabetes. InsR signaling also increases the regeneration of adult β cells and 
the central control of nutrient homeostasis.

I2535-10UG

PKCθ, active, GST tagged human Protein Kinase C, theta (PKCθ) is important component in the intracellular signaling cascade. Recent studies 
have suggested that local accumulation of fat metabolites inside skeletal muscle may activate a serine kinase 
cascade involving PKCθ leading to defects in insulin signaling and glucose transport in skeletal muscle. Insulin 
resistance plays a primary role in the development of type 2 diabetes and may be related to alterations in fat 
metabolism. PKCθ is a crucial component mediating fat-induced insulin resistance in skeletal muscle and is a 
potential therapeutic target for the treatment of type 2 diabetes.

K4643-10UG

Protein kinase CβII isozyme human PKCβII is involved in glucose signaling pathways. P3287-5UG
P3287-20UG

Phosphoinositide 3-kinase p110γ 
human

PI 3-kinases have been implicated in diverse cellular responses triggered by mammalian cell surface receptors. P8615-10UG

PI3 kinase (p110d/p85a) 
Active human

aqueous 
solution

- SRP0236-20UG

ML-9 powder 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

Wortmannin, Ready Made Solution DMSO 
solution

Wortmannin is a hydrophobic fungal metabolite with a sterol-like structure. Inhibition of PI3K/Akt signal 
transduction cascade by wortmannin enhances apoptotic effects.

W3144-250UL

Glycogen from bovine liver - - G0885-1G
G0885-5G
G0885-10G
G0885-25G

Glycogen from rabbit liver - G8876-500MG
G8876-1G
G8876-5G
G8876-10G
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Products for Modulating Insulin 
Resistance and Type 2 Diabetes

A carbo se

N
HOH

HO

HO

OH

O

CH3
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OH
O

O
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OH
O

OH

O
OH

OH

OH

OH

4",6"-Dideoxy-4"-([1S]-[1,4,6/5]-4,5,6-tri hydroxy-3-
hydroxy methyl-2-yclo hex enyl amino)-malto triose 

[56180-94-0]  C25H43NO18  FW 645.60

Modified tetrasaccharide that acts as a reversible 
α-glucosidase inhibitor.

 ≥95%

A8980-1G 1 g

Chlorproamide
[94-20-2]  C10H13ClN2O3S  FW 276.74

 ≥97%

C1290-25G 25 g

1,1-Dimethyl biguanide hydrochloride
Met form in
[1115-70-4]  NH2C(=NH)NHC(=NH)N(CH3)2 · HCl  
FW 165.62
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.

 97%

D150959-5G 5 g

d-(−)-Fructose

d-Levulose; Fruit sugar 
[57-48-7]  C6H12O6  FW 180.16

O
HO

OH

HO

OH

OH

  BioReagent, suitable for cell culture, suitable for 
insect cell culture

F3510-100G 100 g
F3510-500G 500 g
F3510-5KG 5 kg

Glimepiride

N O

H3C
CH3

O N
H

S
N
H

N
H

OO

O

CH3

[93479-97-1]  C24H34N4O5S  FW 490.62

Glimepiride is currently used to treat type 2 
diabetes.
 ≥98% (HPLC), solid

G2295-50MG 50 mg
G2295-250MG 250 mg

Glipizide

S NH
O

O NH
O

HN

O

N

N
H3C

[29094-61-9]  C21H27N5O4S  FW 445.54

 solid
ATP-dependent K+ channel blocker.

G117-500MG 500 mg
G117-1G 1 g

Glyburide

N
H

OCH3

Cl
O

S
N
H

N
H

OO

O

N-p-[2-(5-Chloro-2-methoxy benz amido)ethyl]
ben zene sul fonyl-N′-cyclo hexyl urea; Glybencl amide; 
5-Chloro-N-[4-(cyclo hexyl ureido sul fonyl)phen ethyl]-2-
methoxy benz amide; Glyburide
[10238-21-8]  C23H28ClN3O5S  FW 494.00

 meets USP testing specifications

G2539-5G 5 g
G2539-10G 10 g

Hydro cortisone

H3C

H3C

O
H

OH
O

OH

H

H

HO

4-Pregnene-11β,17α,21-triol-3,20-dione; 11β,17α,21-
Tri hydroxy pregn-4-ene-3,20-dione; Kendall’s 
compound F; Cortisol; Reichstein’s substance M; 
17-Hydroxy corti co sterone
[50-23-7]  C21H30O5  FW 362.46

Primary glucocorticoid secreted by the adrenal 
cortex. 

 BioReagent, suitable for cell culture

H0888-1G 1 g
H0888-5G 5 g
H0888-10G 10 g

Miglitol  8

[72432-03-2]  C8H17NO5  FW 207.22
Miglitol is an alpha-glucosidase inhibitor used as a 
glucose-lowering drug in diabetes research.1

M1574-25MG 25 mg

Nateglinide

O CH3

CH3

OH

O

HN

Fast ic; Starlix; Starsis
[105816-04-4]  C19H27NO3  FW 317.42
Nateglinide is a Kir6.2/SUR1 channel inhibitor and 
antidiabetic.

 ≥98% (HPLC), solid

N3538-10MG 10 mg
N3538-50MG 50 mg

PUGNAc
[132489-69-1]  C15H19N3O7  FW 353.33
PUGNAc is an in vitro and in vivo inhibitor of 
peptide O-GlcNAc-β-N-acetylglucosaminidase, 
the enzyme which removes O-linked 
N-acetylglucosamine (O-GlcNAc) from O-linked 
glycosylated proteins.

 ≥95% (HPLC)

A7229-5MG 5 mg
A7229-10MG 10 mg

2
Type 2 diabetes is characterized by decreased tissue 
responsiveness to insulin and increased blood glucose levels.
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Repaglinide

Novonorm; Prandin 

[135062-02-1]  

C27H36N2O4  FW 452.59
N

N
H

O

CH3

H3C OH

O

O CH3

Repaglinide is a potent short-acting insulin 
secretagogue that acts by closing ATP-sensitive 
potassium (KATP) channels in the plasma membrane 
of the pancreatic beta cell.

 ≥98% (HPLC), solid

R9028-50MG 50 mg
R9028-250MG 250 mg

Troglitazone

HO
CH3

H3C
CH3

O
CH3

O
NH

S

O

O

CS-045; (±)-5-[4-[(6-Hydroxy-2,5,7,8-tetra methyl-
chroman-2-yl)methoxy]benzyl]-2,4-thia zol i dine dione 
C24H27NO5S  FW 441.54

PPARγ agonist; anti-diabetic thiazolidinedione 
(TZD) with anti-inflammatory and anti-tumor 
activity; induces apoptosis via a p53 pathway.
 ≥98% (HPLC)

T2573-5MG 5 mg

Reagents and Enzymes for 
Studying Glycogen Metabolism
FGF-19 human 8

FGF19; FGFJ; fibroblast growth factor 19
  recombinant, expressed in Escherichia coli, ≥95% 

(SDS-PAGE)
Fibroblast Growth Factor-19 (FGF-19) is a high 
affinity heparin dependent ligand for FGFR4. 
Recombinant human FGF-19 is an 21.8 kDa protein 
containing 195 amino acid residues.

SRP4542-25UG 25 μg

Glyco gen Synthase Kinase 3β, Histi dine-
tagged from rabbit
GSK-3β; Tau protein kinase I; Kinase FA [9059-09-0]

  ≥90% (SDS-PAGE), recombinant, expressed in 
Escherichia coli

Glycogen synthase kinase-3 is a serine-threonine 
protein kinase involved in regulation of metabolic 
enzymes such as glycogen synthase and ATP-
citrate lyase, and of protein phosphatase-1. It 
also phosphorylates brain tau-proteins, inducing 
an Alzheimer-like state, and protooncogene 
transcription factors. GSK-3β is one of two 
isozymes.

G1663-200UN 200 units

1,4-Dideoxy-1,4-imino-d-arabinitol
hydrochloride

2-Hydroxy methyl-3,4-pyrrolidin e-
diol hydrochloride
[100991-92-2] C5H11NO3 · HCl 
FW 169.61

OH
N
H

OHHO
• HCl

Glycogen phosphorylase inhibitor

D1542-10MG 10 mg
D1542-25MG 25 mg

d-Glucose 6-phos phate potassium salt
d(+)-Gluco pyran ose 6-phos phate potassium salt; 
Robison ester
[103192-55-8] C6H12O9PK FW 298.23

 ≥95%

G6526-1G 1 g
G6526-5G 5 g

α-d-Glucose 1-phos phate dipotassium
salt hydrate
α-d-Gluco pyran ose 1-phos phate; Cori ester
C6H11K2O9P · xH2O FW 336.32 (Anh)

 98-99%, BioXtra

G6750-50MG 50 mg
G6750-100MG 100 mg
G6750-500MG 500 mg
G6750-1G 1 g

d-Glucose 6-phos phate sodium salt

G-6-P Na; d(+)-Gluco pyran ose 
6-phos phate sodium salt; 
Robison ester
[54010-71-8] C6H12NaO9P  FW 282.12

OP
OH

O

NaO

O

OH

OH

OH

OH

 Sigma Grade, crystalline

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

Pyridoxal 5′-phos phate hydrate

Pyridoxal 5-phos phate; 3-Hydroxy-
2-methyl-5-([phos phono oxy]
methyl)-4-pyri dine carboxal dehyde; 
PLP; Co deca rboxylase
[853645-22-4]  C8H10NO6P · xH2O  
FW 247.14 (Anh)

N CH3

OH
OPHO

O

OH

O H

 BioReagent, powder, suitable for cell culture

P3657-1G 1 g

Phos phor ylase a from rabbit muscle
1,4-α-d-Glucan:ortho phos phate α-d-gluco syl trans-
ferase
[9032-10-4]  E.C. 2.4.1.1

  lyophilized powder, activity: 20–30 units/mg 
protein

One unit will form 1.0 μmole of α-d-glucose 
1-phosphate from glycogen and orthophosphate 
per min at pH 6.8 at 30 °C, measured in a system 
containing phosphoglucomutase, NADP, and 
glucose-6-phosphate dehydrogenase. (One μmolar 
unit is equivalent to ~45 Cori units.)

P1261-10MG 10 mg
P1261-25MG 25 mg

Phos phor ylase b from rabbit muscle
Glyco gen Phos phor ylase; 1,4-α-d-Glucan:ortho phos-
phate α-d-gluco syl trans ferase; α-Glucan Phos phor ylase
[9012-69-5]  E.C. 2.4.1.1

 lyophilized powder, activity: ≥20 units/mg protein
One unit will form 1.0 μmole of α-d-glucose 
1-phosphate from glycogen and orthophosphate 
in the presence of 5′-AMP, per min at pH 6.8 
at 30 °C measured in a system containing 
phosphoglucomutase, NADP, and glucose 
6-phosphate dehydrogenase. (One μmolar unit is 
equivalent to approx. 45 Cori units.)

P6635-5MG 5 mg
P6635-10MG 10 mg
P6635-25MG 25 mg
P6635-100MG 100 mg

Phos pho gluco mutase from rabbit muscle
α-d-Glucose-1,6-bis phos pha tase; α-d-Glucose-1-phos-
phate phos pho trans ferase
[9001-81-4]  E.C. 5.4.2.2

  ammonium sulfate suspension, activity: 
≥100 units/mg protein

One unit will convert 1.0 μmole of α-d-glucose 
1-phosphate to α-d-glucose 6-phosphate per min 
at pH 7.4 at 30 °C.

P3397-200UN 200 units
P3397-500UN 500 units
P3397-1KU 1000 units
P3397-2.5KU 2500 units

Adeno sine 5′-mono phos phate
monohydrate
5′-Adenylic acid; A-5′-P; 5′-AMP; AMP
[18422-05-4] C10H14N5O7P · H2O FW 365.24

 from yeast, ≥97%

A2252-5G 5 g
A2252-25G 25 g
A2252-100G 100 g
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Gluconeogenic Enzymes
Insulin acts on hepatocyte cells to suppress gluconeogenesis, the metabolic pathway that generates glucose from non-carbohydrate sources. 
In insulin-resistant tissues, insulin fails to suppress gluconeogenesis resulting in chronically elevated blood glucose levels. Enzymes of the 
gluconeogenic pathway are attractive targets for pharmacological intervention in insulin-resistant and type 2 diabetic patients.

Name Description Cat. No.
Enolase from rabbit muscle Enolase is a metalloenzyme that catalyzes the interconversion of 2-phosphoglycerate to phosphoenolpyruvate. 

Enolase is essential for both glycolysis and gluconeogenesis.
E0379-50UN
E0379-250UN

Enolase from baker's yeast (S. cerevisiae) E6126-500UN
E6126-2.5KU
E6126-12.5KU

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

Glyceraldehyde-3-phosphate Dehydrogenase 
from rabbit muscle

GAPDH catalyzes the conversion of glyceraldehyde 3-phosphate to glycerate 1,3-biphosphate. GAPDH is 
essential for both glycolysis and gluconeogenesis.

G2267-500UN
G2267-1KU
G2267-5KU
G2267-10KU

Glyceraldehyde-3-phosphate Dehydrogenase 
from baker's yeast (S. cerevisiae)

G5537-100UN
G5537-500UN
G5537-1KU

Glyceraldehyde-3-phosphate Dehydrogenase 
Agarose from baker's yeast (S. cerevisiae)

G0389-10UN

Glucose-6-Phosphatase from rabbit liver Glucose-6-phosphatase catalyzes the hydrolytic cleavage of glucose-6-phosphate resulting in the 
production of a free glucose and a phosphate group. Glucose-6-phosphatase catalyzes the final step in both 
gluconeogenesis and glycogenolysis.

G5758-5UN
G5758-25UN

Neuron-specific enolase from human brain Neuron-specific enolase (NSE) is expressed in all neuronal cell types, and its expression marks the acquisition of 
synaptic function. Following acute neuronal injury, NSE levels are increased in neuronal cell bodies. Increased 
levels of NSE in serum and cerebrospinal fluid have been used as markers for injury and neuronal cell death. 
Tumors derived from many cell types, including most neuronal and neuroendocrine tumors, express NSE.

N4773-10UG

Pyruvate Carboxylase from bovine liver Pyruvate carboxylase catalyzes the carboxylation of pyruvate to oxaloacetate. Pyruvate carboxylase activity is 
critical for gluconeogenesis, lipogenesis, and glyceroneogenesis..

P7173-10UN
P7173-25UN

3-Phosphoglyceric Phosphokinase from baker's 
yeast (S. cerevisiae)

3-Phosphoglyceric Phosphokinase catalyzes the reversible transfer of a phosphate group from 
1,3-diphosphoglycerate to ADP to generate ATP and 3-phosphoglycerate. 3-Phosphoglycerate Phosphokinase 
activity is essential for glycolysis and gluconeogenesis.

P7634-2KU
P7634-5KU
P7634-10KU

Sigma and Sigma-Aldrich are registered trademarks of Sigma-Aldrich Biotechnology L.P., an affiliate of Sigma-Aldrich Co.

Metabolic Pathways 
Sigma® Life Science metabolite standards, enzymes, HPLC solvents, and 
separation technologies help you navigate the metabolic pathways to 
biomarker discovery.

Unique isolated and synthetic metabolites•	
Unique stable-isotope-labelled metabolites•	
Biomarker metabolites•	
Metabolic enzymes, substrates and inhibitors•	
Amino acid, carbohydrate, and lipid metabolite libraries•	

To view our comprehensive metabolomic resources, reagents and kits,  
visit sigma.com/metabolomics 

Bionavigate.
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Obesity is a well-established risk factor 
for the development of insulin resistance. 
Obesity is associated with the increased 
deposition of lipids in non-adipose tissue 
with subsequent decreases in insulin 
sensitivity. Currently, the mechanisms by 
which increased fat accumulation leads to 
insulin resistance and metabolic syndrome 
are not completely understood.

Obesity may set up a state of inflammation 
in the body leading to increased 
production of inflammatory cytokines that 
negatively impact insulin sensitivity. This 
theory is consistent with studies showing 
elevated levels of the proinflammatory 
cytokines IL-6 and TNF-α in individuals 
with insulin resistance and type 2 diabetes. 
Alternatively, hormone production by 
adipose tissue may be dysregulated leading 
to the increased production of adipokines 
that cause insulin resistance. 

Lipid-Induced Insulin Resistance

Lipid-Induced Insulin Resistance

A third theory examines the capacity of 
adipose tissue to store lipids. This theory 
postulates that an individual's capacity 
to store lipids in adipose tissue has a set 
maximal limit. When this limit is exceeded, 
excess lipids spill over into plasma resulting 
in elevated plasma free fatty acid and 
triglyceride levels. This results in the increased 
import and storage of these molecules in 
non-adipose tissues such as skeletal muscle 
and liver. The ectopic storage of lipids in 
non-adipose tissues may result in metabolic 
derangements via lipid-induced toxicity 
(lipotoxicity). Lipotoxicity may also contribute 
to the loss of pancreatic β cells that occurs 
during the development of type 2 diabetes. 

The lipotoxicity hypothesis is supported by 
studies in which cells are cultured with an 
excess of long-chain saturated fatty acids 
complexed to serum albumin. In these 
studies, apoptosis is induced in a dose-
dependent manner and is enhanced by 
high-glucose treatment. Further evidence 
for the lipotoxicity theory comes from the 
study of lipidystrophy patients who have 
generalized or partial loss of adipose tissue. 
These individuals with reduced lipid storage 
capacity often present with severe insulin 
resistance, dyslipidaemia, and fatty liver.

The adipose expandability hypothesis of obesity-induced insulin resistance postulates that adipose tissue has a limited 
maximal capacity to store lipids. When this limit is reached, excess fatty acids spill over into the blood leading to their 
ectopic storage in skeletal muscle and hepatocytes. This ectopic storage results in lipotoxicity and insulin resistance.

http://www.sigma.com/order
http://www.sigma.com/techinfo
http://www.sigma.com/lifescience
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Free Fatty Acids and Associated Reagents
Name Structure Description  Cat. No.

Albumin from bovine serum

          50            100             150            200            250            300            350            400            450             500             550              600                     

Signal 
Peptide      

Domain 1 Domain 2 Domain 3

Disul�des      Propeptide

Bovine Serum Albumin

Phosphoserine Phosphotyrosine PhosphothreoninePhosphoserine

- A8806-1G
A8806-5G

Albumin human Albumins are soluble monomeric proteins found in the 
body fluids and tissues of animals and in some plant seeds. 
Serum albumin functions as a carrier protein for steroids, 
fatty acids, and thyroid hormones. Serum albumins are 
also vital in regulating the colloidal osmotic pressures of 
blood.

A9731-1G
A9731-5G
A9731-10G

Albumin from human serum A3782-100MG
A3782-500MG
A3782-1G
A3782-5G
A3782-10G

Arachidic acid
CH3(CH2)17CH2 OH

O Arachidic acid is a saturated fatty acid with a 20 carbon 
chain. Arachidic acid occurs naturally in fish and vegetable 
oils. Diets rich in saturated fats like arachidic acid are 
associated with increased levels of serum low density 
lipoproteins.

A3631-500MG
A3631-1G
A3631-5G
A3631-10G
A3631-25G

Arachidonic acid
OH

O

H3C

Arachidonic acid and its metabolites play important 
roles in a variety of biological processes, including signal 
transduction, smooth muscle contraction, chemotaxis, cell 
proliferation and differentiation, and apoptosis.

A3555-10MG
A3555-50MG
A3555-100MG
A3555-1G

1,2-Dipalmitoyl-sn-glycero-3-
phosphate sodium salt

P O-
O

O

O

O

O

O

OH

Na+

H3C(H2C)14

H3C(H2C)14

H

- P4013-25MG
P4013-100MG

cis-4,7,10,13,16,19-
Docosahexaenoic acid H3C OH

O Docosahexaenoic acid, DHA, is an omega-3 
polyunsaturated fatty acid with 22 carbons and six double 
bonds, the first double bond occuring at position three 
from the methyl terminus (22:6 n-3). DHA is a component 
of lipid membranes and the myelin sheath. DHA also 
serves as a precursor for signaling molecules such as 
prostaglandins and eicosanoids.

D2534-25MG
D2534-100MG
D2534-1G

Linoleic acid O

OHCH3(CH2)3CH2

Fatty acid that is typically bound to a carrier molecule such 
as BSA or cyclodextrin for use in cell culture.

L1012-100MG
L1012-1G
L1012-5G

Linolenic acid
H3C

CH2(CH2)5CH2 OH

O - L2376-500MG
L2376-5G
L2376-10G

Myristic acid
CH3(CH2)11CH2 OH

O Myristic acid is a straight-chain 14-carbon fatty acid. Diets 
rich in myristic acid, along with lauric and palmitic acids, 
are associated with increased serum levels of low densisity 
lipoprotein cholesterol.

M3128-10G
M3128-100G
M3128-500G

Oleic acid O

OHCH3(CH2)6CH2

Activates protein kinase C in hepatocytes.
Uncouples oxidative phosphorylation. Inhibits 
2,4-dinitrophenol−stimulated ATPase. Action reversed by 
adding serum albumin.

O1383-1G
O1383-5G
O1383-25G

Palmitic acid
CH3(CH2)13CH2 OH

O Palmitic acid is a straight-chain 16-carbon fatty acid. Diets 
rich in palmitic acid, along with lauric and myristic acids, 
are associated with increased serum levels of low-density 
lipoprotein cholesterol. Palmitic acid is the first fatty acid 
produced by lipogenesis. 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

http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/A8806
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/A8806
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/A9731
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/A9731
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/A9731
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/A3782
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http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/A3631
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/A3631
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/A3555
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/A3555
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/A3555
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/A3555
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/P4013
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/P4013
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/D2534
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/D2534
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/D2534
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/L1012
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/L1012
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/L1012
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/L2376
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/L2376
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/L2376
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/M3128
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/M3128
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/M3128
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/O1383
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/O1383
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/O1383
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
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Name Structure Description  Cat. No.

Palmitoleic acid
CH2(CH2)5CH2 OH

O

CH3(CH2)4CH2

Palmitoleic acid is a 16-carbon, omega-7, 
monounsaturated fatty acid that is enriched in the 
triglycerides of human adipose tissue and in liver.

P9417-100MG
P9417-1G
P9417-5G

Stearic acid
CH3(CH2)15CH2 OH

O - S4751-1G
S4751-5G
S4751-10G
S4751-25G
S4751-100G

Hormones, Cytokines, and Adipokines Involved in Insulin Resistance
Adipose tissue is an endocrine organ that secretes multiple hormones, cytokines, and adipokines. These bioactive peptides and proteins can 
influence multiple metabolic processes, including insulin sensitivity.

Name Structure Description Cat. No.

Adiponectin human Adiponectin (also called Acrp30, AdipoQ) is an adipocyte specific secreted protein that circulates in the plasma. It is 
induced during adipocyte differentiation and it secretion is stimulated by insulin. Human adiponectin shares about 83% 
amino acid identity with that of mouse and about 90% with that of rat. Adiponectin plays a role in various physiological 
processes such as energy homeostasis and obesity. Plasma levels of adiponectin are reduced in obese humans, and 
decreased levels are associated with insulin resistance and hyperinsulinemia.

SRP4901-25UG

Adiponectin from mouse SRP4902-25UG

Adiponectin from rat SRP4903-25UG

Angiotensin II human Angiotensin II is important in regulating cardiovascular hemodynamics and cardiovascular structure. A9525-1MG
A9525-5X1MG
A9525-5MG
A9525-10MG
A9525-50MG

Angiotensinogen from human plasma - A2562-.1MG

Interleukin-6 human Interleukin-6 is a multifunctional protein originally discovered in the media of cells stimulated with double stranded 
RNA. IL-6 appears to be directly involved in the responses that occur after infection and injury and may prove to be 
as important as IL-1 and TNF-α in regulating the acute phase response. IL-6 is reported to be produced by fibroblasts, 
activated T cells, activated monocytes or macrophages, and endothelial cells. It acts upon a variety of cells, including 
fibroblasts, myeloid progenitor cells, T cells, B cells and hepatocytes. IL-6 induces multiple effects, as indicated by 
its numerous synonyms: plasmacytoma growth factor (PCT-GF), interferon-β-2 (IFN-β

2
), monocyte derived human 

B cell growth factor, B cell stimulating factor (BSF-2), hepatocyte stimulating factor (HSF), Interleukin Hybridoma/
Plasmacytoma-1 (IL-HP1). In addition, IL-6 appears to interact with IL-2 in the proliferation of T lymphocytes. IL-6 also 
potentiates the proliferative effect of IL-3 on multipotential hematopoietic progenitors.

H7416-10UG

Interleukin-6 from mouse I9646-5UG

JE (MCP-1) from mouse mouse JE (also known as Macrophage/Monocyte Chemotactic Protein) is a 13.8 kDa protein containing 125 amino acid 
residues. It plays an important role in the inflammatory response of blood monocytes and tissue microphages.

SRP4207-10UG

Leptin human Hormone produced primarily in adipocytes; primary site of action appears to be on neurons in the hypothalamus that 
are involved in regulating energy balance, appetite, and body weight.

L4146-1MG

Leptin from mouse L3772-1MG

Leptin from rat L5037-1MG

Monocyte Chemotactic Protein-1 human - M6667-10UG

Monocyte Chemotactic Protein-1 
from rat

M208-10UG

Plasminogen activator inhibitor 1 (PAI-1) 
human

Plasminogen activator inhibitor 1 (PAI-1), a member of the Serpin superfamily of serine protease inhibitors, is 
involved in extracellular matrix remodeling and implicated in processes like angiogenesis, chemotaxis, ovulation, and 
embryogenesis.

A8111-25UG

Resistin from mouse Mouse Resistin is a new member to the family of adipocyte secreted proteins. The biological functions of Resistin as 
well as its molecular target are largely unknown. Whether it promotes or antagonizes insulin action is still unclear. 
Recombinant mouse Resistin is a 20.2 kDa dimeric protein consisting of two 94 amino acid polypeptide chains.

SRP4560-25UG

Resistin from rat Resistin is a new member to the family of adipocyte-secreted proteins. The biological functions of Resistin as well as its 
molecular target are largely unknown. Whether it promotes or antagonizes insulin action is still unclear. Recombinant 
rat Resistin is an 11.9 kDa protein consisting of 94 amino acid residues and 16 additional amino acids residues – His Tag.

SRP4561-25UG
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Name Structure Description Cat. No.

Tumor Necrosis Factor-α human Tumor necrosis factor-α, also known as cachectin, is expressed as a 26 kDa membrane bound protein and is then 
cleaved by TNF-α converting enzyme (TACE) to release the soluble 17 kDa monomer, which forms homotrimers in 
circulation. TNF-α plays roles in anti-tumor activity, immune modulation, inflammation, anorexia, cachexia, septic 
shock, viral replication and hematopoiesis. TNF-α is cytotoxic for many transformed cells, but in normal diploid cells, it 
stimulates proliferation (fibroblasts), differentiation (myeloid cells) or activation (neutrophils). TNF-α also shows antiviral 
effects against both DNA and RNA viruses and induces production of several other cytokines.

H8916-10UG

Tumor Necrosis Factor-α from mouse T7539-10UG

Visfatin from rat SRP4909-10UG

Visfatin human, recombinant from E. coli Visfatin, also known as pre-B cell colony-enhancing factor, is a cytokine that is highly expressed in visceral fat and was 
originally isolated as a secreted factor that synergizes with IL-7 and stem cell factors to promote the growth of B cell 
precursors

68373-10UG

Enzymes Involved in Fatty Acid Release
Insulin resistance in adipose tissue results in a reduction in the uptake 
of circulating free fatty acids and an increase in the hydrolysis of 
stored triglycerides by lipases. The net result of these actions is an 
increase in circulating free fatty acids.

Name Description Cat. No.

ERK1, active, untagged human ERK1 is a protein serine/threonine kinase that is a member of the extracellular signal-regulated kinases (ERKs) which 
are activated in response to numerous growth factors and cytokines.Activation of ERK1 requires both tyrosine and 
threonine phosphorylation that is mediated by MEK. ERK1 is ubiquitously distributed in tissues with the highest 
expression in heart, brain and spinal cord. Activated ERK1 translocates into the nucleus where it phosphorylates 
various transcription factors (e.g., Elk-1, c-Myc, c-Jun, c-Fos, and C/EBP beta).

E7407-10UG

ERK2, active, GST tagged human ERK2 is a protein serine/threonine kinase that is a member of the extracellular signal-regulated kinases (ERKs) which 
are activated in response to numerous growth factors and cytokines. Activation of ERK2 requires both tyrosine and 
threonine phosphorylation that is mediated by MEK. ERK2 is ubiquitously distributed in tissues with the highest 
expression in heart, brain and spinal cord. Activated ERK2 translocates into the nucleus where it phosphorylates 
various transcription factors (e.g., Elk-1, c-Myc, c-Jun, c-Fos, and C/EBP beta).

E1283-10UG

Lipase from human pancreas Tri-, di-, and monoglycerides are hydrolyzed (in decreasing order of rate). L9780-50UN

Lipase from porcine pancreas L0382-100KU
L0382-1MU

Lipase from porcine pancreas L3126-25G
L3126-100G
L3126-500G

Lipoprotein Lipase from bovine milk - L2254-1KU
L2254-5KU

Protein Kinase A Catalytic Subunit β, Active 
human

cAMP-dependent protein kinase (PKA; EC 2.7.1.37) is an essential enzyme in the signaling pathway of the second 
messenger cAMP. Through phosphorylation of target proteins, PKA controls many biochemical events in the cell 
including regulation of metabolism, ion transport, and gene transcription.

P6998-5UG

Diets high in saturated fats are associated with an 
increased risk of developing type 2 diabetes.
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http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/L2254
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/P6998
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Kits and Reagents for Measuring 
Lipids and Fatty Acids
Sigma offers enzymes, reagents, and 
enzymatic-based kits for the quantitation 
of total triglycerides, free triglycerides, and 
glycerol. The kits are a cost-effective means 
of conducting large-scale analyses. In 
addition to the kits, the individual reagents 
and standards are available separately when 
fewer reactions are needed.

Free Gly cerol Determination Kit
Tri gly cer ide and Free Gly cerol Kits and Reagents

 1 kit sufficient for 1000 reactions
For the quantitative dermination of glycerol.

FG0100-1KT 1 kit

Free Gly cerol Reagent

Tri gly cer ide and Free Gly cerol Kits and Reagents 
The free glycerol reagent uses coupled enzyme 
reactions resulting in an increase in absorbance at 
540 nm that is directly proportional to the glycerol 
concentration.

40 mL sufficient for 50 reactions

F6428-40ML 40 mL

Gly cerol Standard Solu tion

Tri gly cer ide and Free Gly cerol Kits and Reagents

 2.5 mg/ml equivalent triolein concentration

G7793-5ML 5 mL

Serum Tri gly cer ide Determination Kit

Tri gly cer ide and Free Gly cerol Kits and Reagents

 1 kit sufficient for 250 tests

TR0100-1KT 1 kit

Tri gly cer ide Reagent

Tri gly cer ide and Free Gly cerol Kits and Reagents The 
triglyceride reagent includes lipase for hydrolysis 
of triglycerides to glycerol. 

The free glycerol reagent (F6428) is required for 
the colorimetric determination of the hydrolyzed 
triglycerides.

T2449

sigma.com/enzymeexplorer

Redesigned Format and Expanded Resources.

The Enzyme Explorer Indices provide 
paths to find more than 3,000 of the 
following:

Enzyme/proteins•	
Inhibitors•	
Substrates•	
Cofactors•	

The Enzyme Explorer Product Features 
include enzyme and protein related products 
for cell biology, diagnostics and industrial 
scale manufacturing. 

The Enzyme Explorer Learning Center
includes:

IUBMB Metabolic Pathways•	
Proteolytic Enzyme Resources•	
Enzyme Assay Library•	
Carbohydrate Analysis Enzyme Resource•	
Product Guides and Protocols•	
The New Protease Finder•	

Allow Protease Finder to help you locate both the 
endo and exoproteases needed for precision protein 
cleavage.

Request Enzyme •	
Literature

Proteolytic Enzymes•	
Protease Inhibition•	
Diagnostic and Metabolic •	
Research

Detection Substrates•	
Metabolomics and Dietary Research•	
Cell Dissociation and Lysis•	
Plasma Proteins•	
Carbohydrate Analysis•	
Proteomics and Protein Expression•	

The Enzyme Explorer

http://www.sigma.com/order
http://www.sigma.com/techinfo
http://www.sigma.com/lifescience
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/FG0100
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/F6428
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/G7793
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/TR0100
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/T2449
http://www.sigma.com/enzymeexplorer
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Mitochondrial Dysfunction and Metabolic Defects

Mitochondrial Dysfunction and Metabolic Defects

Once transported across the mitochondrial membrane, 
fatty acids are metabolized through beta oxidation re-
leasing acetyl-CoA molecules. Acetyl CoA enters the TCA 
cycle resulting in the production of NADH and FADH2. 
NADH and FADH2 are used by the electron transport 
chain to produce ATP.

Defects in mitochondrial function are 
associated with insulin resistance in 
both human and animal studies. Insulin 
resistance is associated with a decrease in 
the number, oxidative capacity, size, and 
density of mitochondria. Understanding 
the mechanisms that lead to decreased 
activity and/or biogenesis of mitochondria 
in insulin-sensitive tissues is therefore of 
vital importance to developing therapies to 
reverse insulin resistance. 

Exposure to high levels of lipids is 
associated with an increased accumulation 
of intracellular fatty acids and decreases 

in mitochondrial function in liver and 
skeletal muscle tissue. Increased exposure 
of cells to fatty acids may lead to the 
accumulation of toxic proinflammatory 
lipid components that activate stress 
kinase signaling pathways resulting in the 
antagonism of insulin receptor signaling.

Alternatively, increased rates of fatty acid 
metabolism may exceed the capacity 
of the tricarboxylic acid (TCA) cycle 
and electron transport chain resuling in 
incomplete fatty acid oxidation and the 
production of toxic metabolites.

Key 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

An essential cofactor in enzymatic acetyl transfer reactions. 
Acetyl-CoA is an essential cofactor and carrier of acyl groups 
in enzymatic acetyl transfer reactions. It is formed either by 
the oxidative decarboxylation of pyruvate in mitochondria, 
by the oxidation of long-chain fatty acids, or by the 
oxidative degradation of certain amino acids. Acetyl-CoA 
is the starting compound for the citric acid cycle (Kreb's 
cycle). It is also a key precursor in lipid biosynthesis, and 
the source of all fatty acid carbons. Acetyl-CoA positively 
regulates the activity pyruvate carboxylase. It is a precursor 
of the neurotransmitter acetylcholine. Histone acetylases 
(HAT) use Acetyl-CoA as the donor for the acetyl group use 
in the post-translational acetylation reactions of histone and 
non-histone proteins.

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

Acetyl coenzyme A trilithium salt

Li+

Li+Li+

O

CH3

P
P O

O

O-

O-O

O
O

O

O

HN

H
N

OH

H3C
CH3

S
N

N

N

N

NH2

O

PO

O-

O

OH

OH

A2181-1MG
A2181-5MG
A2181-10MG
A2181-25MG
A2181-100MG

Butyryl coenzyme A lithium salt 
hydrate

O

O

OPO
OH

O
N

N N

N

NH2

OHPHO
O

OH

PO
O

OH

H
N

H
N

SH3C

O

O O

OH

H3C CH3

• xLi+ • yH2O

Butyryl CoA is a substrate for Butyryl CoA Dehydrogenase. 
Butyryl CoA is involved in both lipid and butanoate 
metabolism.

B1508-5MG
B1508-10MG
B1508-25MG

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/A2181
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/A2181
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/A2181
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/A2181
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/A2181
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/B1508
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/B1508
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/B1508
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Name Structure Description  Cat. No.

l-Carnitine hydrochloride
OHNH3C

CH3

CH3

OH O

Cl

Carnitine is a quaternary amine that occurs naturally in 
most mammalian tissue. It is present in relatively high 
concentrations in skeletal muscle and heart where it 
is involved in regulating energy metabolism. It shifts 
glucose metabolism from glycolysis to glycogen storage 
and enhances the transport of long chain fatty acids into 
the mitochondria where they are oxidized for energy 
production.

C0283-10MG
C0283-1G
C0283-5G
C0283-25G
C0283-100G

Decanoyl coenzyme A 
monohydrate

O

O

O

N

N N

N

NH2

OH

PO
O

OH
PO
O

OH
N
H

HN

CH3

CH3HO

OO

S CH2(CH2)7CH3

O

PHO
O

OH• H2O

- D5269-5MG
D5269-25MG

n-Heptadecanoyl coenzyme A 
lithium salt

O

O

O

N

N N

N

NH2

OH

P
O

OH
OP

O

OH
O

P
O

HO
OH

H3C
H3C

HO

NH

O

N
H

S CH2(CH2)14CH3

O

O Heptadecanoyl CoA is a lipid metabolism intermediate 
formed by the covalent attachment of Heptadecanoic acid 
to Coenzyme A.

H1385-5MG

dl-Hexanoylcarnitine chloride - - H2132-25MG

Hexanoyl coenzyme A trilithium 
salt hydrate

PP O O

OLi OLi

O
O O

N

N

N

N

NH2

OHO

O

PLiO
O

OH

N
H

CH3H3C

OH

O

O

HN
S

O

CH3(CH2)3CH2

• xH2O

Hexanoyl CoA is involved in fatty acid oxidation, lipid 
biosynthesis, and ceramide formation.

H2012-5MG
H2012-10MG

Lauroyl coenzyme A lithium salt - Lauroyl CoA is a substrate for Protein FAM 34A. Lauroyl CoA 
is involved in lipid biosynthesis and fatty acid transport.

L2659-5MG
L2659-25MG

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

Malonyl coenzyme A tetralithium 
salt

O

O

OPO
OLi

O
N

N N

N

NH2

OH

PO
O

OLi

PLiO
O

OLi

HN

CH3H3CO

OH

O N
H

S

O

OH

O

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.

63410-10MG-F
63410-50MG-F

Myristoyl-dl-carnitine chloride - - M0135-100MG

Myristoyl coenzyme A lithium salt

CH2O
O

O OH

N

N N

N

NH2

POP

O

OH

O

O

OH

CH2C

CH3

CH3

CHHO

C O

NH

CH2

CH2

C O

NH CH2 S C

O

CH3

P

O

CH2

OHHO

xLi

M4414-5MG

http://www.sigma.com/order
http://www.sigma.com/techinfo
http://www.sigma.com/lifescience
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/C0283
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/C0283
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/C0283
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/C0283
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/C0283
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/D5269
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/D5269
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/H1385
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/H2132
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/H2012
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/H2012
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/L2659
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/L2659
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/63410
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/63410
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/M0135
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/M4414


16    

Name Structure Description  Cat. No.

Octanoyl coenzyme A lithium salt 
hydrate

O

O

OPO
O

N

N N

N

NH2

OH
PO OH
O

O
P
O

O
O

H
N

H3C CH3O

OH
HN

O

S

O

Li LiLi

CH2(CH2)5CH3 • xH2O

Medium-chain fatty acid covalently linked to coenzyme A. O6877-5MG
O6877-10MG
O6877-25MG

Palmitoyl-l-carnitine chloride

OH

OO

CH2(CH2)13CH3O

NH3C
CH3

CH3

Cl

Long-chain acylcarnitine and well-known intermediate in 
mitochondrial fatty acid oxidation. Modifies myocardial 
levels of high-energy phosphates and free fatty acids 
in the heart. Increases erythroid colony formation in 
culture. Reduces surface negative charge of erythrocytes 
and myocytes. Reported to affect currents and inhibit 
endothelium-dependent relaxation induced by 
acetylcholine and substance P in a dose-dependent 
manner by suppressing the intracellular calcium signal 
transduction in endothelial cells. Inhibits the Na/K pump 
current but has no effect on the intracellular calcium 
current in guinea pig ventricular cells. However, like oubain, 
it reversibly depolarizes the resting membrane, decreases 
action potential duration, and increases the amplitude of 
myocyte contractions.

P1645-5MG
P1645-10MG
P1645-25MG

Palmitoyl coenzyme A lithium salt
N

N N

N

NH2

O

O

OPO
OH

O

OH

P

O

OH

O
H3C CH3O

HN

N
H

OH

O

S

O

CH2(CH2)13CH3

P
O

OLi
OH

Long-chain fatty acid (C16) covalently linked to coenzyme A. P9716-5MG
P9716-10MG
P9716-25MG
P9716-100MG

n-Propionyl coenzyme A lithium 
salt N

N N

N

NH2

O

O

OPO

OH

O

OH

P

O

OH
O

H3C CH3O

HN

N
H

OH

O

O
P
O

OH
OH

• xLi+

S
CH3

Propionyl coenzyme A (CoA) is the coenzyme A derivative 
of propionic acid. Propionyl CoA is formed during the 
β-oxidation of odd-chain fatty acids. Propionyl CoA is also 
formed during the metabolism of isoleucine and valine.

P5397-5MG
P5397-10MG
P5397-25MG

Sodium citrate tribasic dihydrate

NaO
ONa

O

O
HO

ONa

O

• H2O

• H2O

- C7254-1KG
C7254-5KG
C7254-10KG

Stearoyl coenzyme A lithium salt
N

N N

N

O

NH2

O OHP
O

HO
OH

OPOPO

OO

OHOH

CH3H3C

NH

NH

O

O

HO

C
O

CH2(CH2)15CH3S

• xLi+

Stearoyl CoA is a saturated fatty acid metabolite involved in 
polyunsaturated fatty acid synthesis and the PPAR signaling 
pathway.

S0802-5MG
S0802-10MG
S0802-25MG

Succinyl coenzyme A sodium salt
N

N N

N

NH2

O

O

OPO
OH

O

OH

P

O

OH
O

H3C CH3O

HN

N
H

OH

O

O
P
O

OH
OH

S
OH

O

• xNa

Succinyl CoA is an intermediate in the citric acid cycle. 
It is formed by α-ketoglutarate dehydrogenase by the 
decarboxylation of α-ketoglutarate. Succinyl CoA is also 
formed from propionyl CoA during the β-oxidation of 
odd-chain fatty acids. Succinyl CoA serves as a precursor 
in heme synthesis. It is also required for the oxidation of 
ketone bodies.

S1129-5MG
S1129-25MG

http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/O6877
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/O6877
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/O6877
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/P1645
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/P1645
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/P1645
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/P9716
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/P9716
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/P9716
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/P9716
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/P5397
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/P5397
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/P5397
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIAL/C7254
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIAL/C7254
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIAL/C7254
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/S0802
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/S0802
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/S0802
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/S1129
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/S1129
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Chemical Regulators of  Fatty 
Acid Metabolism
O-Acetyl-L-carnitine hydrochloride

R-(−)-2-Acetyl oxy-3-carboxy-
N,N,N-tri methyl-1-propan ami-
nium chloride; ALCAR; ALC; 
(R)-3-Acetoxy-4-(tri methyl ammonio)
butyrate hydrochloride
[5080-50-2]  C9H17NO4 · HCl  
FW 239.70

H3C
N CO2H

H3C CH3 O

O

CH3

Cl

Endogenous mitochondrial metabolite that 
transports acetyl groups across the mitochondrial 
membrane.
 ≥99% (titration), powder

A6706-1G 1 g
A6706-5G 5 g

Acipimox
2-Carboxy-5-methyl pyra zine 4-oxide; 5-Methyl pyra-
zine carboxy lic acid 4-oxide
[51037-30-0]  C6H6N2O3  FW 154.12
Niacin-derived, vasodilator studied for its lipid-
lowering effect.

 ≥99% (TLC)

A7856-1G 1 g
A7856-5G 5 g

AICAR

Acadesine; N1-(β-d-Ribo furan osyl)-
5-amino imid azole-4-carbox amide; 
5-Amino imid azole-4-carbox amide 1-β-d-
ribo furan o side
[2627-69-2]  C9H14N4O5  FW 258.23

O

OH

HO N

N

OH

O
H2N

H2N

AICAR is a cell permeable activator of AMP-
activated protein kinase (AMPK).
 ≥98% (HPLC), powder

A9978-5MG 5 mg
A9978-25MG 25 mg

5-Amino imid azole-4-carbox amide-1-β-d-
ribo furan osyl 5′-mono phos phate
AICAR mono phos phate; N1-(β-d-5′-Phos phor ibo furan-
osyl)-5-amino imid azole-4-carbox amide;
ZMP
[3031-94-5] C9H15N4O8P FW 338.21

 ~95%
A 5′-phosphorylated analog of cell permeable 
AICAR that mimics AMP. AMPK (AMP-activated 
protein kinase) activator.

A1393-50MG 50 mg
A1393-100MG 100 mg

C75
4-Methyl ene-2-octyl-5-oxo tetra-
hydro furan-3-carboxy lic acid
[218137-86-1]  C14H22O4  
FW 254.32

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.

 ≥98% (HPLC), solid

C5490-5MG 5 mg
C5490-25MG 25 mg

L-Carnitine hydrochloride

(−)-β-Hydroxy-γ-(tri methyl-
ammonio)butyrate; Vitamin BT 
[6645-46-1]  (CH3)3N

+CH2CH(OH)
CH2CO2H · Cl-  FW 197.66

OHNH3C
CH3

CH3

OH O

Cl

Carnitine is a quaternary amine that occurs 
naturally in most mammalian tissue. It is present 
in relatively high concentrations in skeletal muscle 
and heart where it is involved in regulating energy 
metabolism. It shifts glucose metabolism from 
glycolysis to glycogen storage and enhances 
the transport of long chain fatty acids into the 
mitochondria where they are oxidized for energy 
production.

 synthetic, ≥98%

C0283-10MG 10 mg
C0283-1G 1 g
C0283-5G 5 g
C0283-25G 25 g
C0283-100G 100 g

L-Cyclo serine

(S)-4-Amino-3-isox azol idone
[339-72-0]  C

3
H

6
N

2
O

2
  FW 102.09 NH

O

OH2N

Blocks sphingosine biosynthesis by inhibition of 
ketosphinganine synthetase.

C1159-10MG 10 mg
C1159-25MG 25 mg
C1159-100MG 100 mg
C1159-250MG 250 mg

(+)-Etomoxir sodium salt hydrate

• H2OO
NaO

O
O

Cl

R(+)-2-[6-(4-Chloro phen oxy)hexyl]-oxirane-2-carboxy-
lic acid sodium salt hydrate
C15H18ClO4 · Na · H2O  FW 338.76

Irreversible O-carnitine palmitoyltransferase-1 
(CPT-1) inhibitor; PPARα activator

 ≥98% (HPLC), powder

E1905-5MG 5 mg
E1905-25MG 25 mg

5-Iodo tubericidin
7-Iodo-7-deaza adeno sine; 4-Amino-5-
iodo-7-(β-d-ribo furan osyl)pyrrolo[2,3-d]
pyrimi dine [24386-93-4]  C11H13IN4O4  
FW 392.15

O

OH

HO

N

N N

NH2

OH

I

 ≥90%, solid
5-Iodotubercidin increases fatty acid oxidation 
activity and glycogen synthesis in hepatocytes. 

I100-5MG 5 mg
I100-25MG 25 mg

Methyl malonyl coenzyme A tetralithium
salt hydrate

O

O

OPO
OLi

O
N

N N

N

NH2

OH

PHO OLi
O

PO
O

OLi

H
N

H
N

SLiO
H3C CH3

OH

OO

O

CH3

O

• xH2O

α-Methyl malonyl coenzyme A tetralithium salt 
[104809-02-1]  C25H40N7O19P3S  FW 891.34 (Anh)

M1762-1MG 1 mg
M1762-5MG 5 mg
M1762-25MG 25 mg

6-[4-(2-Piperidin-1-yl ethoxy)phenyl]-3-
pyridin-4-ylpyrazolo[1,5-a]pyrimi dine

Compound C; AMPK 
Inhibitor; Dorsomorphin 
[866405-64-3]  C

24
H

25
N

5
O  

FW 399.49 N

N

N

N

O
N

BMP Inhibitor; Cell-permeable pyrrazolopyrimidine 
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).

 ≥98% (HPLC), solid

P5499-5MG 5 mg
P5499-25MG 25 mg

TDZD-8
4-Benzyl-2-methyl-1,2,4-thia diazoli-
dine-3,5-dione
[327036-89-5]  C10H10N2O2S  
FW 222.26

N
S

N

O

O

CH3

TDZD-8 is a selective inhibitor of GSK-3.

 ≥98% (HPLC), needles

T8325-5MG 5 mg
T8325-25MG 25 mg
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Enzymes that Regulate Fatty Acid Metabolism
Name Description Cat. No.

Acetyl-CoA Carboxylase 1 human Acetyl-CoA Carboxylase (ACC) regulates the metabolism of fatty acids. This enzyme catalzes the formation of 
Malonyl CoA through the irreversible carboxylation of acetyl CoA. There are two main isoforms of Acetyl-CoA 
carboxylase expressed in mammals, Acetyl-CoA carboxylase 1 (ACACA) and Acetyl-CoA carboxylase 2 (ACACB). 
ACACA has broad tissue distribution but is enriched in tissues critical for fatty acid sythesis such as adipose 
tissue. ACACB is enriched in tissues such as skeletal muscle and heart that are critical for fatty acid oxidation. 

The Acetyl-CoA Carboxylase enzymes are activated by citrate, glutamate, and dicarboxylic acids and negatively 
regulated by long and short chain fatty acyl CoAs. Acetyl-CoA Carboxylase 1 is essential for breast cancer and 
prostrate cancer cell survival. Because of thier roles in fatty acid metabolism and oxidation, ACACA and ACACB 
are therapeutic targets for treating obesity and metabolic syndrome disorders.

A6986-10UG

Acetyl-CoA carboxylase 2 human Acetyl-CoA Carboxylase (ACC) regulates the metabolism of fatty acids. This enzyme catalzes the formation of 
Malonyl CoA through the irreversible carboxylation of acetyl CoA. There are two main isoforms of Acetyl-CoA 
carboxylase expressed in mammals, Acetyl-CoA carboxylase 1 (ACACA) and Acetyl-CoA carboxylase 2 (ACACB). 
ACACA has broad tissue distribution but is enriched in tissues critical for fatty acid sythesis such as adipose 
tissue. ACACB is enriched in tissues such as skeletal muscle and heart that are critical for fatty acid oxidation. 

The Acetyl-CoA Carboxylase enzymes are activated by citrate, glutamate, and dicarboxylic acids and negatively 
regulated by long and short chain fatty acyl CoAs. Because of thier roles in fatty acid metabolism and oxidation, 
ACACA and ACACB are therapeutic targets for treating obesity and metabolic syndrome disorders.

A6861-10UG

SIRT1 human SIRT1 plays a pivotal role in the regulation of cellular differentiation, metabolism, cell cycle, apoptosis and 
regulation of p53.

S8446-150UG

AMPK (A1/B1/G1), 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 (A1/B1/G2), active, His tagged human AMP-activated protein kinase (AMPK) exhibits a key role as a master regulator of cellular energy homeostasis. 
AMPK exists as a heterotrimeric complex composed of a catalytic α subunit and regulatory β and γ subunits. 
Binding of AMP to the γ subunit allosterically activates the complex. AMPK is activated in response to stresses 
that deplete cellular ATP (low glucose, hypoxia and ischemia) and via signaling pathways in response to 
adiponectin, leptin and CAMKKb.

A1358-10UG

AMPK (A2/B1/G1), active, His tagged human AMPK (A2/B1/G1) plays a key role in insulin signaling pathway and is a major therapeutic target for the 
treatment of diabetes. AMPK is viewed as a fuel sensor for glucose and lipid metabolism by modulating the 
activity of the autonomous nervous system in vivo. Short-term overexpression of a constitutively active form of 
AMPK in the liver leads to mild hypoglycemia and fatty liver due to increased fatty acid utilization.

A1733-10UG

AMPK (A1/B1/G3), active, His tagged human AMPK (A1/B1/G3) 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 (A1/B2/G1), active, His tagged human AMPK (A1/B2/G1) 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 β subunit may be a positive regulator of AMPK activity and is highly expressed in skeletal 
muscle.

A4611-10UG

GSK3β, active, His tagged human GSK3β is a serine threonine protein kinase that was originally identified as the kinase that phosphorylates and 
inhibits glycogen synthase.GSK3β is ubiquitously present in human tissues and implicated in the regulation 
of several physiological processes, including the control of glycogen and protein synthesis by insulin and 
modulation of the transcription factors AP-1 and CREB. Transient transfection of human GSK3β into Chinese 
hamster ovary cells stably transfected with individual human tau isoforms leads to hyperphosphorylation of 
tau at all the sites investigated with phosphorylation-dependent anti-tau antibodies.

G4296-10UG
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Antibodies Against Key Fatty Acid Metabolism Proteins
.

 
Name  

 
Host

 
Reacts With

 
Application

Prestige
Antibody

 
Cat. No.

Anti-ABAD/HADH2   goat Xenopus
canine
chimpanzee
human
mouse
rat
zebrafish

ELISA (i)
WB

- SAB2500007-100UG

Anti-ACAA1   rabbit human WB - SAB2100018-50UG

Anti-ACAA1   rabbit human IF (i)
IHC (p)
PA
WB

 HPA007244-100UL

Anti-ACAA1   rabbit human IHC (p)
PA
WB

 HPA006764-100UL

Monoclonal Anti-ACAA1  mouse human ELISA (i)
IHC (p)
WB

- SAB1402104-100UG

Anti-ACAA2   rabbit human WB - SAB2100019-50UG

Monoclonal Anti-ACAA2   mouse human
mouse
rat

ELISA (i)
IF (i)
IHC (p)
WB

- WH0010449M1-
100UG

Anti-ACAD8 (ab1)   chicken human WB - GW21999A-50UG

Anti-ACAD9   mouse human ELISA (c)
WB

- SAB1400510-50UG

Anti-ACAD9   rabbit human IHC (p)
PA

 HPA037716-100UL

Anti-ACAD9 (76–89)   rabbit human IF (i)
WB

- SAB1101278-200UL

Anti-ACAD9 (406–420)   rabbit human IF (i)
WB

- SAB1101279-200UL

Anti-ACAD-8 (ab2)   chicken human WB - GW21999B-50UG

Anti-ACADL   rabbit human WB - AV33855-50UG

Anti-ACADL   rabbit human WB - SAB2100020-50UG

Anti-ACADL   rabbit human IHC (p)
PA
WB

 HPA011990-100UL

Anti-ACADL   rabbit human IF (i)
IHC (p)
PA

 HPA010611-100UL

Anti-ACADM   goat human ELISA (i)
WB

- SAB2500017-100UG

Anti-ACADM   rabbit human IF (i)
IHC (p)
PA
WB

 HPA006198-100UL

Anti-ACADM   rabbit human WB - AV32789-100UG

Anti-ACADM   rabbit human IHC (p)
PA
WB

 HPA026542-100UL

Anti-ACADM   rabbit human WB - AV32788-50UG

Monoclonal Anti-ACADM, 
(N-terminal)  

 mouse human ELISA (i) - SAB1402105-100UG

Anti-ACADS   mouse human ELISA (c)
WB

- SAB1400001-50UG

Immunofluorescence
Anti-ACAA1: Cat. No. HPA007244: 
Immunofluorescent staining of human cell line 
U-251MG shows positivity in vesicles.

Immunofluorescence
Monoclonal Anti-ACAA2, Cat. No. WH0010449M1; 
antibody concentration: 40 μg/mL using HeLa cell.

Immunofluorescence
Anti-ACADL: Cat. No. HPA010611: Immunofluorescent 
staining of human cell line U-2 OS shows positivity in 
cytoplasm and mitochondria.
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Name  

 
Host

 
Reacts With

 
Application

Prestige
Antibody

 
Cat. No.

Anti-ACADS   rabbit human WB - SAB2100021-50UG

Anti-ACADS   rabbit human IHC (p)
PA

 HPA004799-100UL

Anti-ACADS   rabbit human IHC (p)
PA
WB

 HPA022271-100UL

Anti-ACADS (376–390)   rabbit human WB - A4984-200UL

Anti-ACADSB (316–330)   rabbit human WB - A5109-200UL

Anti-ACADSB (396–410)   rabbit human WB - A5234-200UL

Anti-ACADVL   rabbit human IHC (p)
PA
WB

 HPA020595-100UL

Anti-ACADVL   rabbit human WB - AV54486-50UG

Anti-ACADVL   rabbit human IHC (p)
PA
WB

 HPA019006-100UL

Monoclonal Anti-ACADVL   mouse human ELISA (i)
IHC (p)
WB

- WH0000037M1-
100UG

Anti-ACADVL (386–400)   rabbit human WB - A5484-200UL

Anti-ACAT1   rabbit human
mouse
rat

ELISA (i)
WB

- SAB4501646-100UG

Anti-ACAT1   rabbit human WB - AV54278-50UG

Anti-ACAT1   rabbit human IF (i)
IHC (p)
PA
WB

 HPA004428-100UL

Anti-ACAT1   rabbit human IF (i)
IHC (p)
PA
WB

 HPA007569-100UL

Anti-ACAT2   rabbit human IF (i)
IHC (p)
PA
WB

 HPA025765-100UL

Anti-ACAT2   rabbit human IF (i)
IHC (p)
PA
WB

 HPA025736-100UL

Anti-ACAT2   rabbit human IHC (p)
PA
WB

 HPA025811-100UL

Monoclonal Anti-ACAT2   mouse human ELISA (c)
ELISA (i)
WB

- SAB1402106-100UG

Anti-ACAT2 (216-230)   rabbit human WB - A5609-200UL

Anti-ACAT2 (AB1)   rabbit human IHC
WB

- AV32790-100UG

Anti-ACAT2 (AB2)   rabbit human IHC
WB

- AV32791-100UG

Anti-Acetyl-CoA 
Acetyltransferase 2  

 chicken human WB - GW22016-50UG

Anti-ACADS   rabbit human
mouse
rat

WB - SAB2103528-50UG

Anti-EHHADH   mouse human ELISA (c)
IF (i)
WB

- SAB1400088-50UG

Immunofluorescence
Anti-ACAT1: Cat. No. HPA004428: Immunofluorescent 
staining of human cell line A-431 shows positivity in 
mitochondria.

Immunofluorescence
Anti-EHHADH (346-360) : Cat. No. E4534: Immunofluores-
cence of HUVEC cells using EHHADH (346-360) , Cat. No. 
E4534 (red) at a 1:50 dilution, taken at 40x magnification 
and nuclear staining with Hoescht 33342 (blue).Yale HTCB 
IF procedure used. Images have been adjusted to improve 
viewing quality. If you would like the original image, 
please send a request to protocols@sial.com.
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Name  

 
Host

 
Reacts With

 
Application

Prestige
Antibody

 
Cat. No.

Anti-EHHADH   rabbit human WB - SAB1401124-100UG

Anti-EHHADH   rabbit human
rat

IHC
WB

- SAB4500727-100UG

Anti-EHHADH   rabbit human IHC (p)
PA
WB

 HPA036401-100UL

Anti-EHHADH (346–360)   rabbit human IF (i)
WB

- E4534-200UL

Anti-ERAB   rabbit human
mouse
rat

IHC
WB

- SAB4501374-100UG

Anti-ERAB   rabbit human IHC (p)
WB

- E1151-25UG

Anti-HADH   rabbit human WB - SAB2101011-50UG

Anti-HADH   rabbit human IHC (p)
PA
WB

 HPA039588-100UL

Anti-HADH (81-95)   rabbit human WB - SAB1100024-200UL

Anti-HADH (300-314)   rabbit human WB - SAB1100025-200UL

Anti-HADHA   rabbit human IF (i)
IHC (p)
PA
WB

 HPA015536-100UL

Anti-HADHB   rabbit human IHC (p)
PA
WB

 HPA037539-100UL

Anti-HADHB   rabbit human IHC
WB

- AV48133-50UG

Anti-HADH/HADHSC   goat canine
human
mouse
rat

ELISA (i)
WB

- SAB2500501-100UG

Anti-HADHSC   chicken human
mouse
rat

WB - GW22261-50UG

Monoclonal Anti-HADHSC   mouse human ELISA (i)
IF (i)
IHC (p)
WB

- WH0003033M1-
100UG

Anti-HSD17B10   rabbit human IHC (p)
PA
WB

 HPA001432-100UL

Anti-HSD17B4   rabbit human IHC (p)
PA
WB

 HPA021311-100UL

Anti-HSD17B4   rabbit human IHC (p)
PA
WB

 HPA021302-100UL

Anti-HSD17B4   rabbit human IHC (p)
PA
WB

 HPA021479-100UL

Anti-HSD17B4 (131-145)   rabbit human WB - SAB1100185-200UL

Anti-HSD17B4 (572-585)   rabbit human WB - SAB1100186-200UL

Immunohistochemistry
Anti-HADH: Cat. No. HPA039588: Immunohistochemical 
staining of human liver shows strong cytoplasmic positiv-
ity in hepatocytes.

Immunohistochemistry
Anti-HSD17B4: Cat. No. HPA021302: Immunohistochemi-
cal staining of human liver shows strong cytoplasmic 
positivity in hepatocytes.
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Oxidative stress is implicated in the 
pathogenesis of lipotoxicity in both animal 
and human studies. Chronic oxidative stress 
is linked to insulin resistance in multiple 
tissues. Oxidative stress is mediated, in part, 
by reactive oxygen species produced by 
multiple cellular processes and controlled 
by cellular antioxidant mechanisms such 
as enzymatic scavengers or antioxidant 
modulators. When ROS production exceeds 
the cellular antioxidant capacity, oxidative 
damage to cellular components such as 
proteins, lipids, and DNA occurs. Multiple 
pathways can contribute to cellular ROS 
formation, including the mitochondrial 
electron transport chain (ETC), inflammatory 
signaling, and endoplasmic reticulum stress. 

The ETC is the major source of endogenous 
superoxide production in the cell. As 
electrons pass through the ETC, a small 
fraction escape and prematurely react with 
molecular oxygen resulting in the production 

Mitochondrial Stress and ROS
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Multiple enzymatic scavengers are utilized by the cell to limit damage from reactive 
oxygen species. These scavengers include members of the superoxide dismutase 
(SOD) family, catalase, and glutathione peroxidase.

of superoxide. An excess of nutrients will 
theoretically increase electron flux through 
the ETC with a resulting increase in the 
production of superoxide. Excessive ROS 

Enzymes Involved in Oxidative Stress
Name Description  Cat. No.
Catalase from bovine liver Catalase activates the decomposition of hydrogen peroxide, a reactive oxygen species, into water and 

oxygen. It functions as a natural antioxidant, protecting cells against oxidative damage to proteins, lipids 
and nucleic acids. Catalase has also been used to study the role reactive oxygen species play in gene 
expression and apoptosis.

C9322-1G
C9322-5G
C9322-10G
C9322-50G

Catalase from human erythrocytes C3556-.5MG
Glutathione Peroxidase from bovine erythrocytes - G6137-100UN

G6137-200UN
G6137-500UN

Glutathione Peroxidase from human erythrocytes - G4013-1UN
G4013-5UN
G4013-10UN

Nitric Oxide Synthase, Inducible from mouse NOS is responsible for the biosynthesis of nitric oxide from L-arginine. iNOS is not calcium/calmodulin 
dependent and has a Km = 16 μM for L-arginine.

N2783-50UN

Peroxiredoxin I Active human Human Peroxiredoxin I (GenBank Accession No. NM_005614), full length, with N-terminal HIS6 tag, 
MW = 23 kDa, expressed in a Baculovirus infected Sf9 cell expression system.

SRP0202-100UG

production may induce insulin resistance 
by the activation of stress-activated 
signaling cascades or by causing damage to 
mitochondrial proteins and DNA.

http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/C9322
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/C9322
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/C9322
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/C9322
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/C3556
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/G6137
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/G6137
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/G6137
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/G4013
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/G4013
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/G4013
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/N2783
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/SRP0202


Order sigma.com/order     Technical service sigma.com/techinfo     sigma.com/lifescience     23

Name Description  Cat. No.
Peroxiredoxin II Active human Human Peroxiredoxin 2, full length (Genbank accession number NM_005809) with N-terminal HIS tag, 

MW = 22.7 kDa, expressed in Baculovirus infected Sf9 cell expression system.
SRP0203-100UG

Protein Disulfide Isomerase from bovine liver Facilitates formation of the correct disulfide bonds by promoting rapid reshuffling of disulfide pairings. P3818-.1MG
P3818-250UG

Superoxide Dismutase bovine - S9697-15KU
S9697-30KU
S9697-75KU

Superoxide Dismutase from bovine erythrocytes Catalyzes the dismutation of superoxide radicals to hydrogen peroxide and molecular oxygen. 
Plays a critical role in the defense of cells against the toxic effects of oxygen radicals. Competes with 
nitric oxide (NO) for superoxide anion (which reacts with NO to form peroxynitrite), thereby SOD 
promotes the activity of NO. SOD has also been shown to suppress apoptosis in cultured rat ovarian 
follicles, neural cell lines, and transgenic mice.

S7571-15KU
S7571-30KU
S7571-75KU
S7571-300KU

Superoxide Dismutase from human erythrocytes S9636-1KU
S9636-3KU
S9636-15KU
S9636-30KU

Thioredoxin Reductase from rat liver Thioredoxin reductase (TrxR) is a NADPH-dependent oxidoreductase containing one FAD per subunit 
that reduces the active site disulfide in oxidized thioredoxin (Trx).

T9698-50UG

Products for Studying Oxidative Stress
Name Structure Description  Cat. No.

Ceramide from bovine brain - - 22244-25MG
22244-100MG

Dexamethasone

H3C

H3C

F H

H

O

HO CH3

OH
O

OH An anti-inflammatory glucocorticoid with 
a range of effects on cell survival, cell 
signaling and gene expression. Use to 
study apoptosis, cell signaling pathways 
and gene expression. Glucocorticoid anti-
inflammatory agent

D4902-25MG
D4902-100MG
D4902-500MG
D4902-1G

2′,7′-Dichlorofluorescin diacetate

O OO

OO

ClCl

CH3CH3

COOH

Cell-permeable probe is de-esterified 
intracellularly and turns to highly 
fluorescent 2′,7′-dichlorofluorescin upon 
oxidation.

D6883-50MG
D6883-250MG

Dihydroethidium

N CH3H2N

NH2 Redox indicator. Blue fluorescence until 
oxidized to ethidium.

D7008-10MG

Dihydrorhodamine 123

OH2N NH2

OCH3

O

- D1054-2MG
D1054-10MG

2,4-Dinitrophenol OH

NO2O2N

D198501-5G
D198501-100G
D198501-1KG

Flavin adenine dinucleotide 
disodium salt hydrate

N
N

N
H

N

CH3

H3C

O O

OH

OH

OH
O

N

O OH

OH

P
PO

ONa

O

ONa
O

O

N

N

N

H2N

• xH2O

F6625-10MG
F6625-25MG
F6625-100MG
F6625-250MG
F6625-500MG
F6625-1G
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Name Structure Description  Cat. No.

β-Nicotinamide adenine 
dinucleotide, reduced disodium 
salt hydrate

- N8129-50MG
N8129-100MG
N8129-500MG
N8129-1G
N8129-5G

β-Nicotinamide adenine 
dinucleotide, reduced disodium 
salt hydrate

- N1161-10VL

Sodium azide 71289-5G
71289-50G
71289-250G

Antioxidants
Name Structure Description  Cat. No.

N-Acetyl-l-cysteine
OHHS

O

HN

O

CH3

Antioxidant and mucolytic agent. Increases 
cellular pools of free radical scavengers. 
Reported to prevent apoptosis in neuronal 
cells but induce apoptosis in smooth 
muscle cells. Inhibits HIV replication. 
May serve as a substrate for microsomal 
glutathione transferase.

A9165-5G
A9165-25G
A9165-100G

Aminoguanidine hemisulfate salt - Inhibits both constitutive and inducible 
nitric oxide synthetase

A7009-25G
A7009-100G

l-Glutathione reduced

HO N
H

H
N

OH

O O

NH2

O

O

SH Endogenous antioxidant that plays a 
major role in reducing reactive oxygen 
species formed during cellular metabolism 
and the respiratory burst. Glutathione-
S-transferase catalyzes the formation of 
glutathione thioethers with xenobiotics, 
leukotrienes, and other molecules that have 
an electrophilic center. Glutathione also 
forms disulfide bonds with cysteine residues 
in proteins. Via these mechanisms, it can 
have the paradoxical effect of reducing the 
efficacy of anti-cancer agents.

G4251-10MG
G4251-300MG
G4251-1G
G4251-5G
G4251-10G
G4251-25G
G4251-50G
G4251-100G
G4251-250G
G4251-500G

(±)-α-Lipoic acid
OH

O

S
S

Antioxidant and coenzyme needed for 
the activity of enzyme complexes such 
as pyruvate dehydrogenase and glycine 
decarboxylase.

T1395-1G
T1395-5G

Lipoic acid, reduced
HS

OH

O

SH

- T8260-25MG
T8260-100MG
T8260-1G

Nicotinamide

N

NH2

O - N0636-100G
N0636-500G

Free radicals, such as reactive oxygen species, 
cause cellular damage via cellular "rusting".
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Kits for Analyzing Mitochondria 
and Reactive Oxygen Species

SOD Assay Kit

Super oxide dismutase Assay Kit. The kit contains all 
reagents and solutions required for determining 
superoxide dismutase activity in an indirect assay 
method based on xanthine oxidase and a novel 
color reagent. The chemical and biochemical 
properties of the color reagent used in this kit 
guarantee a very convenient application and 
linearity of test results over a broad range.

corresponds for UV test (WST reagent, WST 
formazan)

sufficient for 500 tests

19160-1KT-F 1 kit

Glutathione Peroxidase Cellular Activity
Assay Kit

This kit can be used to assay glutathione 
peroxidase in tissue extracts. The assay is based 
on the oxidation of glutathione (GSH) to oxidized 
glutathione (GSSG) catalyzed by GPx coupled 
to the recycling of GSSG back to GSH utilizing 
glutathione reductase and NADPH. The decrease 
in NADPH absorbance measured at 340 nm during 
the oxidation of NADPH to NADP is indicative of 
glutathione peroxidase activity since the enzyme is 
the rate-limiting factor of the coupled reactions.†† 
This kit was tested with rabbit reticulocyte lysate 
and with glutathione peroxidase enzyme.

sufficient for 100 tests

CGP1-1KT 1 kit

Mitochondria Staining Kit
  1 kit sufficient for 40 tests (of 5 mL cell 

suspensions), 1 kit sufficient for 200 tests (of 1 mL 
cell suspensions)

This kit offers a fast and convenient method for 
the detection of changes in mitochondrial inner-
membrane electrochemical potential in living cells 
using the cationic, lipophilic dye, JC-1.

CS0390-1KT 1 kit

Isolated Mitochondria Staining Kit

  1 kit sufficient for 50 reactions (in a 2 mL cuvette), 
1 kit sufficient for 1,000 reactions (using 96 
multiwell plates)

The kit is based on mitochondria staining using 
the JC-1 dye. In normal cells, the JC-1 dye 
concentrates in the mitochondrial matrix where it 
forms red fluorescent aggregates. Any event that 
dissipates the mitochondrial membrane potential 
(e.g. apoptosis) does not allow the accumulation 
of JC-1 dye in the mitochondria. The dye is 
detected using a fluorimeter or fluorescence 
microscope.

The kit measures mitochondria intactness and 
detects events that dissipate the mitochondrial 
membrane potential.

CS0760-1KT 1 kit

Mitochondria Isolation Kit
  sufficient for 10–20 g (animal tissue), sufficient 

for 50 assays (2 mL), isolation of enriched 
mitochondrial fraction from animal tissues

The Mitochondria Isolation Kit provides a fast 
and easy isolation of an enriched mitochondrial 
fraction from animal tissues as well as the testing 
of the electrochemical proton gradient (ΔΨ) of 
the inner mitochondrial membrane. Useful for 
mitochondria mediated apoptosis studies.

MITOISO1-1KT 1 kit

  sufficient for 50 applications (2-5 x 107 cells), 
isolation of enriched mitochondrial fraction 
from cells

The Mitochondria Isolation Kit provides a fast 
and easy method for the isolation of an enriched 
mitochondrial fraction from cells.

MITOISO2-1KT 1 kit

Yeast Mitochondria Isolation Kit
  sufficient for 40 applications (using 20 OD 

culture preparations), isolation of an enriched 
mitochondrial fraction from yeast cells

The kit contains all the reagents required for yeast 
cell wall lysis by lyticase (spheroplast formation) 
followed by cell membrane lysis/breakage and 
mitochondria isolation. In addition, the kit includes 
an extraction buffer for mitochondrial protein 
profiling to be used in proteome studies and a 
storage buffer for use with intact mitochondria.

MITOISO3-1KT 1 kit

Catalase Assay Kit

  sufficient for ≥100 tests, enzymatic, determination 
of catalase activity in tissues and cells

The Catalase Assay Kit is a simple colorimetric assay 
for studying catalase activity in various tissues and 
subcellular organelles.

•	 Useful for determining catalase activity — 
may be used in various tissues and cells

•	 Simple, optimized protocol — A simple 
colorimetric assay for analysis of peroxisome 
enrichment and catalase activity

CAT100-1KT 1 kit

Mitochondrial dysfunction can lead to excess ROS production.
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Sigma-Aldrich has been in the business of 
supporting scientific research around the 
globe for more than 75 years.

In 2011, we partnered with Grace Bio-Labs, 
Inc. to offer researchers premium quality 
products for microarrays, hybridization, 
cell culture and imaging, and protein 
crystallization.

Grace Bio-Labs is industry the leader in 
planar microarray technology and pioneered 
the nitrocellulose coating process. Microarray 
technology is a core competency at Grace 
Bio-Labs and a proven, critical tool in 
understanding the incredibly complex area 
of protein interactions. Sigma-Aldrich and 
Grace Bio-Labs offer the best solutions for 
all aspects of forward and reverse-phase 
Microarray applications. Binding affinity 
and capacity are absolutely critical to 
understanding cell biology, cell signaling, 
immunology, clinical research, and even 
clinical diagnostics. At our website you will 
find an entire portfolio of products offered by 
Sigma-Aldrich and manufactured by Grace 
Bio-Labs, specifically developed to accelerate 
research and drive innovation in these fields.

Sigma-Aldrich® Microarray Tools

Microarrays:

ProPlate Systems®•	
Flexwell Systems™•	
ONCYTE Substrates®•	
Elispot Slides•	

Microfluid Flow Cells:

Chambers•	
Chips•	
Schematics•	

Hybridization/Incubation Systems

HybriWell™•	
FastWell™•	
HybriSlip™•	

Imaging and Microscopy

Perfusion chambers•	
Spacers•	
Imaging Chambers•	

Cell Culture:

CultureWell™•	
SecureSlip™•	
MultiSlip™•	

ProCrystal™

Protein Crystalization•	

Sigma-Aldrich® Microarray Tools

Customers can now count on the Proteomics 
and Cell Biology expertise of S-A with the 
planar thin-film expertise of Grace Biolabs. 
In addition to offering the entire product 
portfolio from Grace Biolabs, we are pleased 
to announce the new SuperNova Microarray 
technology.

Microarray technology is a multi-plex high-
content tool critical to research in areas that 

range from protein-protein interactions 
to medicinal chemistry to personalized 
medicine. Grace Bio-Labs’ new ground-
breaking technology provides the superior 
sensitivity and ultra-low background that 
is paramount in delivering super-clean 
actionable data.

To learn more visit 
sigma-aldrich.com/gracebio

http://www.sigma-aldrich.com/gracebio
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sigma.com/prestige

1,700 new Prestige Antibodies are now available! Developed
through the Human Protein Atlas Project, Prestige Antibodies are
standardized in universal protocols to enhance the efficiency and 
effectiveness of your research. Each antibody is supported with 
over 700 immunohistochemistry, immunofluorescence and 
Western blot images that are all publicly available on the Human 
Protein Atlas website. 

Sigma and Prestige Antibodies are registered trademarks of Sigma-Aldrich Biotechnology L.P., 
an affiliate of Sigma-Aldrich Co.

Bioperfection.
Sigma’s Prestige Antibodies® could prove

priceless to your research.

Sigma® now offers over 10,000 Prestige Antibodies
powered by Atlas Antibodies.

http://www.sigma.com/prestige
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