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In the wake of the H1N1 flu virus outbreak, 
interest in vaccine research has reached 
an all-time high. Government, academic, 
and private sectors all are demonstrating 
heightened interest in developing effective 
vaccine formulations to prevent serious 
global epidemics and pandemics. Increased 
understanding of the immune system and 
immune response has lead to significant 
recent advances in vaccine development. 
This BioFiles examines a large and diverse 
group of products currently being used as 
vaccine adjuvants—substances that are 
capable of enhancing immune responses 
to antigens. Many newer vaccines deliver 
less immunogenic antigens, which makes 
adjuvant selection even more important. 

In this issue we review vaccine adjuvant 
research and the characteristics necessary 

Introduction
Jeremy Benedick
Technical Marketing Specialist
jeremy.benedick@sial.com

Sigma-Aldrich offers a wide variety of vaccine 
adjuvants and vaccine media for all your 
vaccine production and research needs.

to make a successful adjuvant. We also 
look into the TLR signaling pathway and 
recent research in that emerging area. 
On page 12, Dr. Barney S. Graham of the 
National Institutes of Health discusses new 
approaches to enhancing vaccine-induced 
immune responses through utilization 
of the Toll-like receptor family of pattern 
recognition molecules.

Sigma-Aldrich offers a broad variety of 
adjuvants, as well as other solutions for 
vaccine research. Many common adjuvants 
are available in small prepack sizes for 
research purposes. As a leading provider 
of CMO services to the biopharmaceutical 
industry, our SAFC division offers custom 
development of a comprehensive array of 
cGMP adjuvants.

http://www.sigma.com/order
http://www.sigma.com/techinfo
http://www.sigma.com/lifescience


4    

Adjuvant Research

Adjuvant Research
Searching for the Optimal Adjuvant

Searching for the Optimal 
Adjuvant
Introduction

The word “vaccination” was first coined by 
English scientist Edward Jenner in 1796, 
although early forms of vaccination have 
been documented as far back as the 17th 
century.1 Vaccination is used to generate 
a strong immune response to a specific 
administered antigen, providing long-term 
protection against infection.2  Demonstrated 
successes of vaccination include the 
eradication of smallpox and the control of 
many other diseases, such as polio 
and measles.

Major difficulties of vaccination are 
associated with either lack of efficacy 
or unacceptable reactogenicity.3 The 
reactogenicity associated with non-living, 
whole microorganism vaccines frequently 
appear as localized swelling and severe, 
fever-like symptoms. This resulted in 
the development of purer vaccines that 
eliminate unwanted reactogenic material, 
while retaining efficacy due to the 
protective antigens associated with them. 
An unintended consequence of the use of 
purified vaccine components was the loss 
of immunogenicity to the extent that pure 
protein or carbohydrate-based vaccines 
were so poorly immunogenic that efficacy 
levels of the vaccine was reduced to 
unacceptable levels.

At this point, vaccine developers 
considered adding materials to enhance 
immunogenicity. Adjuvants were tasked 
with enhancing the immunogenicity of 
these purified vaccines without significantly 
increasing reactogenicity. To this day, 
hundreds of materials with adjuvant activity 

have been identified, but the majority of 
these fail for human use due to their own 
inherent reactogenicity.3

What are Adjuvants?

Adjuvants are defined as molecules, 
compounds, or macromolecular complexes 
that boost the potency and longevity of 
specific immune response to antigens, 
but cause minimal toxicity or long lasting 
immune effects on their own.4 The purpose 
of the adjuvant is to help the immune 
system (Latin verb ′adjuvare′ means ′to 
help′) by increasing the immunogenicity of 
the coadministered microorganism, harmless 
protein or polysaccharide (antigen).5 To 
this day, the explanation as to how many 
adjuvants function is still a mystery. Adjuvant 
mechanisms of action have long been 
enigmatic, leading noted Yale University 
immunologist Charles Janeway Jr. to offer the 
famous quote refering to adjuvants as ′the 
dirty little secret of immunologists′.5 

Early attempts to produce adjuvanted 
vaccines used crude oils or other materials 
that deposited material at the site of 
injection, usually leading to local irritation 
and pathology.3 Currently adjuvants serve 
an expanded role in vaccine formulations by 
providing a number of functions: 

Enhancing immunogenicity of highly •	
purified or recombinant antigens.

 Reducing the amount of antigen or the •	
number of immunizations needed for 
protective immunity.

 Improving the efficacy of vaccines in •	
newborns, the elderly or 
immuno-compromised persons.

 As antigen delivery systems for the uptake •	
of antigens by the mucosa.2

What Adjuvants are Used Currently?

Today, very few adjuvants other than alum 
salts are widely accepted for human use. 
Alum, also known as aluminum hydroxide, 
was first described as an adjuvant by Glenny, 
et al., in 1926.6 Since then, both aluminum 
hydroxide and aluminum phosphate have 
been used as the preferred adjuvants for 
human vaccines, especially in the U.S. Oil-
based adjuvants have found use in veterinary 
vaccines but only recently have been 
approved for use in humans in extended 
clinical studies.3

Why are New Adjuvants Needed?

New adjuvant development has been 
driven principally by the shortcomings of 
aluminum adjuvants. The primary problem 
with the alum adjuvants is their failure 
to stimulate T cell responses, including 
cytotoxic T cells (CTL).4 Research continues 
to strive to identify the best adjuvant or 
combination of adjuvants to elicit the correct 
immune response for a given antigen. 
Currently adjuvant/antigen combinations 
are designed to work together to provide 
ideal immunogenicity and minimize 
reactogenicity. An ideal adjuvant will 
elicit both humoral and cellular immune 
responses with no reactogenicity, but one 
has yet to be identified and may not exist.  

Alum adjuvants have contributed to the 
success of the majority of current vaccines. 
But because new generation vaccine 
candidates such as AIDS and cancer will 
increasingly contain highly purified proteins 
that are poorly immunogenic, adjuvants 
with more potent immune responses will 
become more necessary. 7 “New adjuvants 
will need to offer advantages, including more 
heterologous antibody responses to cover 
pathogen diversity, the induction of potent 
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functional antibody responses to ensure 
pathogen killing, or neutralization and the 
induction of more effective T cell responses 
for direct and indirect pathogen killing.”7

Reasons for Adjuvant Failures

In the 80 years of adjuvant research, 
identification of effective adjuvants has been 
relatively simple, while the constraint has 
been the lack of successful adjuvants safe 
enough for human use. Freund′s Complete 
Adjuvant (FCA) is a great example of the 
challenges to adjuvant usage. FCA is an 
extremely potent adjuvant, yet it may cause 
granulomas, inflammation at the inoculation 
site and lesions, effectively excluding it from 
use in human vaccines.8 A number of other 
key factors besides tolerability and adverse 
local reactions can prevent an adjuvant from 
being successful, including complex scale-
up, lack of reproducibility, lack of material or 
quality material, lack of degradability, antigen 
incompatibility, and inflexibility with the 
formulation.7 When considering an adjuvant 
for a vaccine the tolerability must be defined 
in the context of the target, taking into 
consideration the severity of infection or 
disease. While some adverse effects are 
acceptable when treating a cancer patient, 
those same effects would be unacceptable 
when vaccinating an infant against influenza.

Characteristics of an Optimal 
Adjuvant Candidate

In identifying or developing a new adjuvant, 
there is no clear recipe or protocol to follow. 
Scientists must determine the exact immune 
response desired for a given antigen. 
Adjuvant selection is greatly dependent 

on vaccine formulation and individual 
application. First and foremost, effectiveness 
and safety are of primary importance in 
adjuvant selection, yet a number of other 
characteristics for successful adjuvants must 
be considered as well including:

 A compound that is stable with a long •	
shelf life. 

Biodegradable.•	
Cheap to produce. •	
 Does not induce immune responses •	
against itself.

 Promotes an appropriate immune •	
response (i.e. cellular or antibody 
immunity depending on requirements for 
protection).2 

The limited immunogenicity of new and 
novel vaccine antigens has increased 
the importance of adjuvant research in 
vaccine development. Adjuvants will be 
needed to enhance and extend immune 
responses while reducing the amount of 
antigen necessary in each dose. In recent 
years both the US and Europe have created 
initiatives to evaluate, compare, and develop 
adjuvants in the public, private, academic 
and government sectors. These initiatives 
will encourage these groups to continue 
working toward more effective adjuvants as 
part of a global health strategy to prepare for 
a possible future pandemic.
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Description Molecular Formula Cat. No.

Aluminum hydroxide Al(OH)3 239186-25G
239186-500G
239186-2KG

Aluminum hydroxide Gel Al(OH)3 A8222-250ML

Aluminum phosphate – 255963-10G

Aluminum potassium sulfate 
dodecahydrate

AlK(SO4)2 · 12H2O 237086-100G
237086-500G
237086-2.5KG

Aluminum potassium sulfate 
dodecahydrate

AlK(SO4)2 · 12H2O A7210-100G
A7210-500G

Calcium phosphate – 21218-1KG

Calcium phosphate – 50552-1G-F
50552-10G-F

Cerium(III) nitrate hexahydrate Ce(NO3)3 · 6H2O 22350-100G-F
22350-500G-F

Cerium(III) nitrate hexahydrate Ce(NO3)3 · 6H2O 22355-100G-F

Zinc sulfate heptahydrate ZnSO4 · 7H2O Z0251-100G
Z0251-500G

Zinc sulfate heptahydrate ZnSO4 · 7H2O 221376-100G
221376-500G
221376-1KG

Mineral Salt Adjuvants
Mineral derived compounds have been used 
for years as effective adjuvants, and aluminum 
adjuvants, often referred to generically as 
Alum in literature, have found wide use in 
human vaccines. The mechanism of action 
for aluminum adjuvants is not completely 
understood, yet research suggests it may 
involve the activation of dendritic cells 
leading to enhanced humoral and 
cell-mediated immunity.

sigma-aldrich.com

Sigma-Aldrich and GeneGo have integrated Sigma-Aldrich product listings into the MetaCore™ and MetaDrug™ software suites.  
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Learn more about GeneGo and their MetaCore and MetaDrug software suites by visiting www.genego.com
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MetaCore and MetaDrug are trademarks of GeneGo, Inc. Patent Chemistry Database: Copyright © 2007-2008, Elsevier Inc., licensed to Elsevier Information Systems GmbH. PharmaPendium: Copyright © 2007-2008, Elsevier Inc., 
licensed to Elsevier Information Systems GmbH.
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Description CAS Number Biochemical/Physiological Action Cat. No.
N-Acetylmuramyl-
l-alanyl-d-iso-
glutamine hydrate

53678-77-6 Enhances antigenicity of weak antigens, increasing 
antibody titer.

A9519-1MG
A9519-5MG
A9519-10MG
A9519-25MG

Cholera Toxin A 
Subunit from 
Vibrio cholerae

– Catalyzes ADP-ribosylation of the α-subunit of G proteins, 
reducing GTPase activity and activating the α-subunit; 
also catalyzes ADP-ribosylation of cell membrane 
adenylyl cyclase

C8180-.1MG
C8180-.5MG

Cholera Toxin B 
Subunit from 
Vibrio cholerae

131096-89-4 Cholera toxin subunit that attaches to cells by binding to 
ganglioside GM1.

C9903-.5MG
C9903-1MG
C9903-2MG

Heat-Labile 
Enterotoxin, B 
subunit (LTB) from 
E. coli

– Heat-Labile Enterotoxin, B subunit (LTB) is a good label 
for microglial cells. In addition, recombinant LTB 
stimulates strong serum and mucosal immune responses 
against heat-labile enterotoxin (LT). Other studies 
have indicated that LTB could be used as a potent 
mucosal adjuvant.

E8656-0.5MG

Lipid A, monophos-
phoryl from 
Escherichia coli F583 
(Rd mutant)

– Lipid A has immunostimulatory adjuvant activity 
including macrophage, T-cell, and B-cell activation. 
Research has shown Lipid A has greater Th1 than 
Th2 stimulation.

L6638-1MG
L6638-5MG

Lipid A, mono-
phosphoryl from 
Salmonella enterica 
serotype minnesota 
Re 595 (Re mutant)

– L6895-1MG
L6895-5MG

Lipopolysaccharides 
from Escherichia coli 
0111:B4

– LPS is a major constituent of the cell wall of most gram 
negative bacteria. It is a highly immunogenic antigen 
with the ability to enhance immune responses to 
soluble antigens. 

L4391-1MG

Lipopolysaccharides 
from Escherichia coli 
0127:B8

– L4516-1MG

Lipopolysaccharides 
from Escherichia coli 
026:B6

– L2654-1MG

Lipopolysaccharides 
from Escherichia coli 
055:B5

– L6529-1MG

Lipopolysaccharides 
from Salmonella 
enterica serotype 
typhimurium

– L6143-1MG

Pertussis toxin from 
Bordetella pertussis

70323-44-3 Pertussis toxin catalyzes the ADP-ribosylation of the α 
subunits of the heterotrimeric guanine nucleotide 
regulatory proteins Gi, Go, and Gt.

P7208-50UG

Pertussis toxin from 
Bordetella pertussis

70323-44-3 P2980-50UG
P2980-.2MG

Pertussis toxin B 
oligomer

– Subunit of pertussis toxin responsible for binding to 
cell surfaces; stimulates both platelet aggregation and 
cytosolic Ca2+ level elevation.

P159-40UG

Trehalose 6,6′- 
dimycolate from 
Mycobacterium 
tuberculosis

61512-20-7 Cord factor is a glycolipid released from Mycobacterium 
that becomes toxic and antigenic when it interacts with 
cell surface lipids. It activates macrophages to release 
inflammatory cytokines and induces thymic atrophy 
and granuloma formation in lung and other organs. It is 
responsible for the necrosis and cavitation observed in 
secondary tuberculosis.

T3034-1MG
T3034-2.5MG

Bacteria-Derived Adjuvants
Bacteria-derived molecules are a key source 
of immune-stimulating adjuvants, including 
lipopolysaccharide (LPS), which contains 
Lipid A, a potent yet toxic immune stimulant.

http://www.sigma.com/order
http://www.sigma.com/techinfo
http://www.sigma.com/lifescience
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Description Biochem/Physiol Actions Cat. No.
Sigma Adjuvant System® Sigma Adjuvant System is for use in mice. It is a stable oil-in-water 

emulsion that may be used as an alternative to the classical Freund′s 
water-in-oil emulsions. This adjuvant is derived from bacterial and 
mycobacterial cell wall components that provide potent stimulus to 
the immune system.

S6322-1VL

Freund’s Adjuvant, 
Complete

Attracts macrophages and other cells to the injection site which 
enhances the immune response.

F5881-10ML
F5881-6X10ML
F5881-10X10ML

Freund’s Adjuvant, 
Incomplete

Freund′s Adjuvants may be used to produce water-in-oil emulsions of 
immunogens. Antigens in water-in-oil emulsions stimulate high and 
long-lasting antibody responses which can be attributed to the slow 
release of antigen.

F5506-10ML
F5506-6X10ML
F5506-10X10ML

Mannide monooleate An emulsifying agent utilized in Freund′s incomplete adjuvant, 
although reactogenicity is an issue with human use.

M8819-25G
M8819-500G
M8819-2.5KG

Mineral oil Mineral oil functions by forming a depot at the injection site slowly 
releasing antigen.

M1180-500ML
M1180-4L

Peanut oil – P2144-250ML
P2144-1L

Pristane A hydrocarbon oil adjuvant widely used to induce tumorgenesis in 
mice and arthritis and lupus nephritis in rats.

P2870-100ML
P2870-250ML
P2870-500ML

Pristane P9622-10X1ML
P9622-5X5ML

TiterMax® Classic 
Adjuvant

TiterMax Classic has been especially formulated with squalene to 
produce stable water-in-oil emulsions with up to 90% water. It is 
considerably easier to emulsify TiterMax Classic than Freund’s adjuvant. 
The resulting emulsion is less viscous, making it easier to inject through 
small needles.

H4397-.5ML

TiterMax® Gold Adjuvant TiterMax Gold is an improved water-in-oil adjuvant. 
By developing a new block copolymer and eliminating the silica from 
the formulation, TiterMax Gold appears to be less toxic and more 
effective than TiterMax Classic. The optimum volume of TiterMax Gold 
for an emulsion is twice that of TiterMax Classic.

T2684-1ML

www.safcglobal.com/vaccines

Inject speed and momentum 
into your vaccine 
development program

Scientists across the globe rely upon SAFC® to resolve development issues,  
de ne risk management strategies and shorten timelines in their vaccine programs.

With 35 years of experience, SAFC can support your vaccine development   
program - from process development to manufacturing. 

Find out how we can inject speed in your vaccine manufacturing process.

Adjuvant Emulsions
Generally considered too toxic for human 
use, oil emulsions such as Freund′s complete 
adjuvant function by creating a depot at the 
injection site and slowly releasing antigen 
which elicits the desired immune response.
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http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/P2870
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/P9622
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/P9622
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/H4397
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/T2684
http://www.safcglobal.com/vaccines
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Description Biochem/Physiol Actions Cat. No.

Flt-3/Flk-2 ligand human Transmembrane glycoprotein that binds and activates the Flt-3 
receptor; expression is primarily restricted among hematopoietic cells 
to the most primitive progenitor cells.

F3422-5UG

Granulocyte Colony-
Stimulating Factor 
from mouse

G-CSF is a lineage-restricted hematopoietic growth factor, 
stimulating final mitotic divisions and the terminal cellular 
maturation of the partially differentiated hematopoietic progenitors. 
G-CSF3,4 is produced by monocytes and fibroblasts. It stimulates 
granulocyte colony formation, activates neutrophils and mature 
granulocytes, and promotes differentiation of certain myeloid leukemic 
cells. Natural G-CSF is a glycoprotein of 177 amino acids and a 
molecular weight of 19 kDa.5 Human and murine G-CSF have about 
75% homology and show biological cross-reactivity.

G8160-5UG

Granulocyte- 
Macrophage Colony- 
Stimulating Factor 
human

Granulocyte-macrophage colony stimulating factor is a growth and 
differentiation factor for cells in the granulocyte, macrophage and 
eosinophil lineage. GM-CSF stimulates colony formation from 
pluripotential progenitor cells at extremely low concentrations and is an 
essential survival and proliferative factor for hematopoietic progenitor 
cells in all divisions up to maturity. It also stimulates growth in some 
epithelial cells and osteoclasts. GM-CSF is produced by a variety of cell 
types (monocytes, endothelial cells, T-cells, fibroblasts, mitogen- 
stimulated B-cells, and LPS-stimulated macrophages). GM-CSF is secreted 
as a single chain glycoprotein containing 128 amino acids for human with 
a conserved disulfide bond. Human and murine GM-CSF share approx. 
54% sequence homology and do not cross-react in bioactivity.

G5035-5UG

Granulocyte-Macro-
phage Colony- 
Stimulating Factor from 
mouse

G0282-5UG

Granulocyte- 
Macrophage Colony- 
Stimulating Factor 
from rat

– G0792-5UG

Interferon α from rat Cytokine with anti-viral, anti-proliferative, immunoregulatory, and 
proinflammatory activities. The biological activity is determined in 
the cytopathic effect inhibition assay using rat epithelial-like (RATEC) 
cells with vesicular stomatitis virus (VSV) in the presence of 2 mM 
glutathione. The cytopathic effect of 50% is produced with ~1 unit/mL 
interferon. Since there is no international rat interferon α standard, units 
are determined with respect to the NIH international standard reference 
for mouse interferon α/β.

I8657-1VL

Interleukin-2 human Promotes the growth of IL-2 dependent lymphocytes. Amino acid 
sequence of IL-2.

57600-1VL
57600-1EA

Interleukin-5 human Interleukin-5 is a product of activated T lymphocytes and exhibits 
activity on eosinophils, B cells and thymocytes. Synonyms or biological 
activities attributed to IL-5 include: EDF (eosinophil differentiating fac-
tor), BCGF-II (B cell growth factor-II), TRF (T cell replacing factor), IgA-EF 
(IgA enhancing factor) and EO-CSF (eosinophil colony  stimulating factor). 
Natural IL-5 is a 45-50 kDa dimeric glycoprotein, although glycosylation is 
not required for activity. Human and mouse IL-5 exhibit homology at the 
nucleotide and amino acid levels and show species cross-reactivity.

I5273-5UG

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-β2), monocyte derived human B cell 
growth factor, B cell stimulating factor (BSF-2), hepatocyte stimulat-
ing 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.

I3268-10KU

Interleukin-6 human I1395-10UG

Interleukin-7 human Lymphoid cell growth factor which affects pre-B, pro-B and early T cells; 
supports the growth of early B cells and is mitogenic for thymocytes 
and co-mitogenic with PHA and Con A; stimulates the proliferation of 
CD4/CD8 cells.

I5896-5UG

Cytokines as Adjuvants
Cytokines are a group of molecules 
consisting of among others, chemokines 
growth factors, and colony stimulating 
factors that act in a number biological 
processes. While cytokine adjuvant use 
has been limited due to toxicity and 
immunogenicity, they do have potential in 
DNA vaccines coexpressed with an antigen. 
Cytokine adjuvant use has also been 
used to affect magnitude and direction of 
immune responses in animal models. Some 
cytokines are used to stimulate dendritic 
cells providing a link between innate and 
adaptive immunity.  Many cytokines, such as 
IL-12, stimulate macrophage activation via 
TLR signaling.

http://www.sigma.com/order
http://www.sigma.com/techinfo
http://www.sigma.com/lifescience
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/F3422
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/G8160
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/G5035
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/G0282
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/G0792
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/I8657
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/57600
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/57600
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/I5273
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/I3268
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/I1395
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/I5896


10    

Description Biochem/Physiol Actions Cat. No.

Interleukin-8 human Interleukin-8 belongs to the chemokine α or C-X-C family. Mature 
human IL-8 consists of 72 amino acids with a molecular mass of 8.4 kDa. 
It exhibits chemotactic activity in vitro for T cells and basophils and is an 
angiogenic factor.

I1645-10UG

Interleukin-10 human Regulates lymphoid and myeloid cell functions; blocks the activation 
of cytokine synthesis and several accessory functions of macrophages; 
enhances cytotoxic T cell development and co-stimulates B cell 
differentiation and Ig secretion.

I9276-5UG

Interleukin-12 human Interleukin-12 (IL-12) was identified as a factor secreted by human 
Epstein-Barr (EBV)-transformed B cell lines. IL-12, or Natural Killer Cell 
Stimulatory Factor (NKSF), is a 75 kDa disulfide-linked heterodimer of a 
35 kDa subunit and 40 kDa subunit. IL-12 is produced predominantly 
by monocytes and NK cells and induces T cells and NK cells to produce 
IFN-γ. Human IL-12 is not active on mouse cells, but murine IL-12 is ac-
tive on both murine and human lymphocytes. The biological activity of 
recombinant human IL-12 was measured by its ability to stimulate the 
proliferation of PHA-activated human T lymphoblasts. IL-12 has 
anti-angiogenic properties.

I2276-5UG

Interleukin-18 from rat Interleukin 18, also known as interferon-γ-inducing factor (IGIF) and 
IL-1γ, is a proinflammatory cytokine. It is an inducer of IFN-γ and Th1 
(T cell helper type 1) responses (cell differentiation, cell-mediated 
cytotoxicity and inflammation). IL-18 induces the migration of 
microvascular endothelial cells.

I0531-25UG

Macrophage Colony-
Stimulating Factor 
human

M-CSF augments many of the physiological functions of macrophages, 
and support osteoclast differentiation.

M6518-5UG

Macrophage Inflamma-
tory Protein-1α human

– M6292-10UG

Macrophage Inflamma-
tory Protein-1β human

M6417-10UG

RANTES human Also known as human sisδ, RANTES is a member of the chemokine 
β family. It is a chemoattractant for peripheral blood monocytes and 
selectively attracts T cells of the CD4+ / CD45RO+ phenotype in vitro.

R6267-10UG

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.

T6674-10UG

Name Cat. No.

Chitosan C3646-10G
C3646-25G
C3646-100G
C3646-500G

DEAE-Dextran hydrochloride 30461-25G

Dextran sulfate sodium salt from Leuconostoc spp. D8906-5G
D8906-10G
D8906-50G
D8906-100G
D8906-500G

d-Galacto-D-mannan from Ceratonia siliqua 48230-25MG-F
48230-100MG-F

β-d-Glucan from barley G6513-50MG
G6513-100MG
G6513-500MG
G6513-1G
G6513-5G

Carbohydrate Adjuvants
A number of carbohydrates have found use 
in vaccine research as adjuvants. Mannan 
and glucan have been shown to activate 
T-helper responses, while chitosan induces 
a range of immune responses. Inulin can 
activate the complement pathway.

Cytokines as Adjuvants—Cont’d
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Name Cat. No.

Inulin from dahlia tubers I3754-25G
I3754-100G
I3754-1KG

Inulin from dahlia tubers 57614-100G

Mannan from Saccharomyces cerevisiae M7504-100MG
M7504-250MG
M7504-1G
M7504-5G

Name Cat. No.

Astragaloside IV 74777-1MG

Ginsenoside-Rb1 from Panax quinquefolium (American ginseng) root G0777-5MG

Ginsenoside Rb1 (saponin of panax ginseng) 93537-1.2ML

Ginsenoside-Re from Panax quinquefolium (American ginseng) root G1027-5MG

Ginsenoside Rg1 68317-5MG

Ginsenoside Rg1 (saponin of Panax ginseng) 18826-1.2ML

Glycyrrhizic acid ammonium salt from glycyrrhiza root (licorice) 50531-10G
50531-50G

Heat Shock Protein 60 human H7158-.1MG

Heat Shock Protein 70 from bovine brain H9776-.2MG

Heat Shock Protein 70 human H7283-50UG

Heat Shock Protein 90 from bovine brain H6774-.2MG

Hemocyanin solution from Megathura crenulata 70557-5ML
70557-25ML
70557-100ML

Hemocyanin from Megathura crenulata (keyhole limpet) H7017-20MG

Hemocyanin from Megathura crenulata (keyhole limpet) H8283-50MG
H8283-100MG
H8283-500MG

Imiquimod I5159-200MG

Polyinosinic–polycytidylic acid potassium salt P9582-5MG
P9582-50MG

Polyinosinic–polycytidylic acid sodium salt P0913-10MG
P0913-50MG

Polyinosinic–polycytidylic acid sodium salt P1530-25MG
P1530-100MG

Poly(dl-lactide-co-glycolide) P2191-1G
P2191-5G

Poly(dl-lactide-co-glycolide) 430471-1G
430471-5G

Poly(dl-lactide-co-glycolide) P1941-1G
P1941-5G

Saponin 47036-50G-F
47036-250G-F

Saponin from quillaja bark S4521-10G
S4521-25G

Saponin from quillaja bark S7900-25G
S7900-100G

Squalene S3626-10ML
S3626-100ML
S3626-500ML
S3626-1L

Other Adjuvants
Many vaccines use a combination of 
adjuvants to tailor specific immune 
responses. Squalene, pristane, saponins, 
poly I:C, and many other products have 
found to be useful adjuvants either alone 
or in combination with other adjuvants. 
Vaccines are licensed as a whole with their 
adjuvants, so that adjuvant selection is not 
independent of antigen or vaccine formula.

Carbohydrate Adjuvants—Cont’d
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a confirmed case of viral clearance and 
recovery from HIV-1 infection, and from the 
mounting evidence that HIV-1 superinfection 
(see Glossary) is common (in other words, 
if natural infection does not protect against 
infection with other HIV strains, why would 
we expect vaccination to offer protection?).2

The high replication error rate of HIV-1 is 
the basis for two of the greatest challenges 

Barney S. Graham

Citation: Graham, B.S. (2006) New Approaches 
to Vaccine Adjuvants: Inhibiting the Inhibitor. 
PLoS Med., 3(1): e57. doi:10.1371/journal.
pmed.0030057

Published: January 3, 2006

Copyright: This is an open-access article 
distributed under the terms of the Creative 
Commons Public Domain declaration which 
stipulates that, once placed in the public 
domain, this work may be freely reproduced, 
distributed, transmitted, modified, built upon, 
or otherwise used by anyone for any lawful 
purpose.

Competing interests: The author declares 
that no competing interests exist.

Abbreviations: DC, dendritic cell; Env, 
envelope; gp, glycoprotein; JAK, Janus kinase; 
LPS, lipopolysaccharide; NF-κ,B, nuclear factor-
κB; polyI: C, polyinosinic:polycytidylic acid; 
siRNA, small interfering RNA; SOCS, suppressor 
of cytokine signaling; Th, T helper cell; TLR, 
Toll-like receptor.

Author Acknowledgments: I thank Kathryn 
L. Bonaparte for her critical review and 
comments.

Barney S. Graham is a Senior Investigator at 
the Vaccine Research Center, National Institute 
of Allergy and Infectious Diseases, National 
Institutes of Health, Bethesda, Maryland, United 
States of America. E-mail: bgraham@nih.gov

Introduction
Development of an effective HIV-1 vaccine 
has been an elusive goal for over 20 years 
despite being an urgent global priority. The 
agonizingly slow progress is not from lack of 

New Approaches to Vaccine Adjuvants: 
Inhibiting the Inhibitor

Barney S. Graham
New Approaches to Vaccine Adjuvants: Inhibiting the Inhibitor

effort, but is a consequence of the insidious 
biology of the virus. HIV-1 has many features 
that make vaccine development challenging, 
if not impossible.1

Obstacles to Vaccine 
Development
Pessimism is based in part on the empirical 
observation that there has never been 

Figure 1. SOCS “Silencing” Enhances the Adjuvant Effect of TLR Ligands.

Substances common in viral pathogens (substances such as single-stranded RNA [ssRNA] and double-stranded RNA 
[dsRNA]) or in bacteria (substances such as endotoxin) are recognized by TLRs as pathogen-associated molecular patterns. 
When the TLRs are triggered, a series of signaling events occur that is simplified and schematized in this figure. These 
events lead to inflammation and activation of innate and adaptive immune responses. SOCS family members are also 
activated, and serve as an internal control to diminish the intensity and duration of inflammation. In the left-hand panel, 
R837 mimics ssRNA as a ligand for TLR-7, and initiates signaling through the MyD88 pathway, eventually resulting in the 
release of NF-κB and in the upregulation of SOCS1 and many genes involved in inflammation. Poly I:C is a synthetic mimic 
of dsRNA and triggers TLR-3-associated JAK/signal transduction and activator-of-transcription (STAT) signaling through TIR 
domain-containing adapter-inducing interferon (TRIF), activation of interferon regulatory factor (IRF)-3, and increased pro-
duction of type 1 interferon. LPS can activate both pathways. SOCS1 specifically interferes with JAK2 and may also inhibit 
a step between MyD88 and NF-κB release into the nucleus, although this is controversial. This balanced internal feedback 
mechanism results in a controlled inflammatory process with adjuvant and antiviral effects. When SOCS1 production 
is blocked by siRNA (right-hand panel), the control of the inflammatory process is temporarily lost, leading to a greater 
adjuvant and antiviral response that appears to improve vaccine-induced immune responses. (Illustration: Giovanni Maki)
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in vaccine design. First, extreme genetic 
diversity makes vaccine antigen selection 
difficult. Second, the high mutation rate 
provides many opportunities for the virus to 
escape vaccine-induced immune responses.

In addition, HIV-1 glycoprotein (gp)160 
can directly cause dysfunction of antigen-
presenting cells, and HIV-1 can infect CD4+ 
T cells, which cripples the key elements 
required to initiate the adaptive immune 
response to viral pathogens. After cells 
are infected, there are virus-specific 
mechanisms that disrupt the normal 
regulation of immune activation, and 
HIV-1 can also become latent or infect 
immunoprivileged sites and remain hidden 
from the immune response.

The list of barriers to vaccine development 
continues with the multitude of structural 
features of gp160 that evade antibody 
neutralization.3 Therefore, an effective 
HIV-1 vaccine will need to induce immune 
responses that can swiftly respond to 
infection and efficiently clear or control 
infection at very low levels of replication. 
To do this may require better vaccine 
adjuvants or delivery vehicles than are 
currently available.

A Novel Approach to Vaccine 
Development
In a study in PLoS Medicine, Song, et al. 
explore new approaches to enhancing 
vaccine-induced immune responses.4 The 
field of vaccine adjuvants has been rapidly 
evolving since the discovery of the Toll-like 
receptor (TLR) family of pattern recognition 
molecules.5 Traditionally, adjuvants have 

been developed empirically from natural 
substances found to cause inflammation. 
Since cytokines were found to be the 
effector molecules for many adjuvant 
effects,6 there has been an effort to build 
the optimal vaccine adjuvant effect one 
cytokine at a time.

However, this approach underestimated 
the complexity and timing of events 
necessary to augment immune responses, 
and has given way to using specific TLR 
ligands as vaccine adjuvants.7 Activating 
immune responses at this level is analogous 
to using the original empirically derived 
adjuvants, but the molecular mechanisms 
are better defined. In the study, Song and 
colleagues achieved an even broader effect 
by inhibiting a natural inhibitor of TLR and 
cytokine signaling. The family of suppressor 
of cytokine signaling (SOCS) molecules 
targets Janus kinases (JAKs) and nuclear 
factor-κB (NF-κB) pathways involved in 
transmitting signals from cytokine receptors 
and TLRs to the nucleus to control genes 
encoding mediators of inflammation (see 
Figure 1).8

The authors found that small interfering 
RNA (siRNA) inhibition of SOCS1 in HIV-1 
gp120-pulsed bone marrow–derived 
dendritic cells (DCs) improved the immune 
response to those DCs delivered as a carrier 
of vaccine antigen. In addition, SOCS1 
inhibition improved the adjuvant effect of 
polyinosinic: polycytidylic acid (poly I:C), 
R837, or lipopolysaccharide (LPS) on the DC 
vaccine. These adjuvants are recognized by 
TLR-3, TLR-7/8, or TLR-4, respectively. SOCS1 
inhibition increased the magnitude of the 
antibody response and the magnitude and 

lytic activity of the CD8+ T cell response. 
It also appeared to increase the duration 
of antibody and T cell responses. SOCS1 
inhibition increased cytokine production 
from in vitro–stimulated DCs and also led 
to increased cytokine production from 
CD4+ T cells.

The pattern of increased cytokine production 
was broad and included proinflammatory 
cytokines, as well as cytokines traditionally 
associated with polarized T helper cell (Th)1 
or Th2 responses. Importantly, in vivo delivery 
of plasmid DNA expressing the SOCS1 
siRNA, together with a plasmid DNA vaccine 
encoding a modified HIV-1 envelope (Env) 
protein, improved Env-specific immune 
responses in mice, particularly when the poly 
I:C or the R837 adjuvant was administered 
following immunization.

Implications of  the Approach
We maintain a tenuous balance between 
adequate control of pathogens or neoplasms 
and excessive chronic inflammation (e.g., 
autoimmune diseases) and uncontrolled 
proliferation (e.g., lymphoma) of our 
immune system. There are more pathways 
and receptors devoted to controlling the 
immune response than to inducing immune 
responses. It is critical for health maintenance 
to have a highly evolved process for turning 
off immune responses when there are so 
many inflammatory challenges. Therefore, 
it is not surprising that enhancing immune 
responses by removing inhibition may 
be more potent than the typical adjuvant 
concept of actively stimulating immune 
responses. This has been noted before when 
evaluating the adjuvant effects of cytokines.9 
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Song and colleagues′ study has shown 
the potential to broadly augment immune 
activation triggered by vaccine antigens and 
a variety of adjuvants. Their approach allows 
the antigen-presenting cell to determine 
the composition and kinetics of effector 
molecules and the co-stimulation needed 
for the development of potent adaptive 
immune responses.

Before considering this approach for clinical 
use, it will be important to determine whether 
the immune response enhancement seen 
in mice can be achieved in higher-order 
animals such as nonhuman primates. The 
safety of this approach will need to be more 
fully defined in species other than mice. It will 
be important to show that SOCS inhibition 
is temporary, and that normal regulation of 
immune responses is maintained following 
the vaccination. This may require long-term 
evaluation in multiple species to assure there 
is not excessive or prolonged inflammation. 
Identifying pharmacological inhibitors of 
SOCS family members may provide a more 
temporally controlled approach for releasing 
the inhibition of TLR and cytokine signaling, 
and provide an additional safeguard against 
the theoretical risk of chronic inflammation. 
As the authors suggest, waking up the 
immune system by inhibiting the inhibitors 
may have therapeutic benefits in 
some settings.

The struggle to develop a preventive vaccine 
for HIV-1 has taught us much of what we 
know about immunology, and will continue 
to have benefits at the conceptual level 
and for antiviral vaccine development in 
general. HIV-1 vaccine development will 

be facilitated by innovative approaches to 
vaccine formulation and delivery such as 
SOCS “silencing” that improve the kinetics, the 
magnitude, and the composition of immune 
responses. However, ultimate success will 
depend on the design of vaccine antigens 
that can elicit the right antibody and T cell 
specificity to achieve virus neutralization 
and clearance.
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Glossary
gp120: The extracellular portion of the HIV-1 Env 
glycoprotein responsible for binding to CD4+ and 
co-receptors.
gp120-pulsed bone marrow–derived dendritic 
cells: Dendritic cells are key antigen-presenting 
cells that in this case were derived from mouse 
bone marrow and expanded with interleukin-4 and 
granulocyte/monocyte colony stimulating factor in 
vitro before treatment with gp120.
gp160: Full length HIV-1 Env glycoprotein of 160 kD 
molecular weight responsible for attachment to and 
entry into target cells.
IRF-3: Transcription factor, interferon regulatory 
factor-3.
JAKs: JAKs associate with cytokine receptors, and 
are important for tyrosine phosphorylation of the 
receptor, of each other, and of signal transduction and 
activator-of-transcription molecules that participate in 
the signaling cascade from the cytokine receptors to 
the nucleus.
LPS: Lipopolysaccharide is analogous to endotoxin 
derived from Gram-negative bacteria.
MyD88: Myeloid differentiation factor 88.
NF-κB: Transcription factor, nuclear factor-κB.
PAMP: Pathogen-associated molecular pattern.
Poly I:C: Polyinosinic : polycytidylic acid is a synthetic 
molecule that mimics double-stranded RNA.
R837: {1-(2-methyl propyl)-1H-imidazo[4,5-c]quinolin 
4-amine} is a TLR-7 and TLR-8 ligand.
siRNA inhibition: Small interfering RNAs are 
approximately 22 nucleotide-long RNA molecules that 
efficiently inhibit translation of their complementary 
mRNA.
STAT: Signal transduction and activator-of-
transcription molecules associate in dimers after 
phosphorylation by JAKs, translocate to the nucleus, 
and promote transcription of selected genes.
Superinfection: Infection with a strain of HIV-1 that 
is genetically distinct from the HIV-1 present in a 
person with a stable immune response to the original 
infection.
Th1 response: A T helper 1 response implies a 
polarized CD4+ T cell response with dominant 
expression of interferon-γ. In mice, this is associated 
with a predominant IgG2a antibody isotype response.
Th2 response: A T helper 2 response implies a 
polarized CD4+ T cell response with dominant 
expression of interleukin-4, interleukin-5, interleukin-9, 
and interleukin-13. In mice, this is associated with a 
predominant IgG1 antibody isotype response.
TIR: A cytoplasmic signaling domain on TLRs, Toll/
interleukin-1 receptor–resistance domain.
TLR-3: Toll-like receptor 3 recognizes double-stranded 
RNA including the synthetic molecule poly I:C.
TLR-4: Toll-like receptor 4 recognizes LPS.
TLR-7/8: Toll-like receptors 7 and 8 recognize single-
stranded RNA and some other ligands such as 
imiquimod and resiquimod.
Toll-like receptor: Family of proteins homologous 
to the Drosophila Toll receptor, found to have the 
capacity to recognize molecular patterns associated 
with pathogens.
TRIF: TIR domain-containing adapter-inducing 
interferon, also called TICAM-1 (Toll-IL-1 receptor 
homology domain-containing adapter molecule).
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EX-CELL® EBx® Media—
Accelerate Your Vaccine 
Development

Background

Human and veterinary vaccines have typically 
been manufactured using chicken eggs 
and primary Chicken Embryo Fibroblasts 
(CEFs) (Table 1). These cell substrates 
pose a number of limitations including 
risk of insufficient supply, time-consuming 
processes with inconsistent yields, high costs 
of manufacture, the potential for allergic 
responses to egg-components and concerns 
associated with using bovine sera in 
CEF cultures.

Fully Documented Stable 
EB66® Cell Line Grown in 
Serum-free Media

A fully documented stable duck cell line 
termed EB66 cell line derived from embryonic 
stem cells has been established by and is 
owned by Vivalis (www.vivalis.com) as a 
superior alternative for the cost-effective 
manufacturing of vaccines currently 
produced in CEFs or eggs. EB66 cells maintain 
genetic stability, are immortal and grow 
in serum-free media. An added advantage 
is high density growth as suspension cells 
without the need for microcarriers.

Scaleable, Optimized Media

To support the EB66 cell line, SAFC 
Biosciences® has developed EX-CELL EBx 
media and supplements optimized for 
use with suspension EB66 cells to ensure 
maximum growth and high titer viral vaccine 
production. High cell viability and high cell 

Vaccine Media

Vaccine Media
EX-CELL EBx Media

Human Health Animal Health
Avian Swine, Equine, Bovine Cat, Dog

Influenza virus Influenza virus Influenza virus 
(swine, equine)

Canine distemper virus

Measles virus Reovirus Eastern equine encepha-
litis virus

Canine parainfluenza 
virus

Rabies virus Fowlpox virus Western equine encepha-
litis virus

Mumps virus Wild type & recombinant 
poxviruses (canary, chicken, 
pigeon...)

Equine encephalomyelitis 
virus

Rubella virus Egg drop syndrome virus
Avian oncolytic viruses 
(NDV / IBDV...)

Newcastle disease virus Bovine parainfluenza virus

Smallpox virus 
(Lister, Vaccinia...)

Infectious bursal desease virus Bovine lbaraki virus

Recombinant poxvirus 
(ALVAC, MVA, FP...)

Avian adenovirus (type l, ll & lll) Rabies virus

Tick-borne encephalitis virus Polyoma virus (type l & ll) Swine japanese encepha-
litis virus

Yellow fever virus Herpes virus (pigeon, turkey, 
falcon, psittacine...)

Sindbis virus Infectious bronchitis virus
Semliki forest virus Encephalomyelitis virus
Venezuelan EEV virus Anemia virus (chicken...)

Marekâ s disease virus
Venezuelan EEV virus Marekâ s disease virus

Parvovirus (duck)

Table 1. Vaccines produced in chicken eggs or CEFs.

density growth in suspension provides the 
optimal environment for high titer viral 
vaccine production.

Consistent High Viral Titers

Typical titer values range from 
8–9 log TCID50/mL, when using EB66 cells 
grown in EX-CELL EBx medium and infected 
with modified vaccinia virus Ankara (MVA) in 
stirred tank bioreactors.

Accelerate your timelines by ensuring 
successful runs time after time.

Economical, Consistent, Scaleable and 
Highly Robust, EX-CELL EBx Media 
Maximizes Vaccine Production

High density suspension cultures.•	
 No microcarriers or detachment •	
factors required.

Robust, consistent, scaleable process.•	
 Animal-component free, serum- free media •	
optimized for growth and productivity of 
EB66 cells.

 Efficient replication of a broad range of •	
viruses (influenza, poxvirus, measles, etc.).

http://www.sigma.com/order
http://www.sigma.com/techinfo
http://www.sigma.com/lifescience
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Technical Assistance

For EX-CELL EBx media support and 
information, please contact our scientists 
who have expertise and hands-on 
experience with EB66 cells. For EB66 cell line 
and viral production process development 
information, please contact Vivalis.

EX-CELL EBx Media
Name Cat. No.

EX-CELL® EBx® GRO-I 
Serum-Free Media

14530C-500ML
14530C-1000ML

EX-CELL® EBx PRO-II 
Serum-Free Media

14533C-500ML
14533C-1000ML

EX-CELL® EBx® PRO-I 
Serum-Free Media

14531C-500ML
14531C-1000ML

EX-CELL Vaccine Media
Cultured cells have long been known to 
serve as excellent hosts for propagation 
of many types of viruses. The ability of cell 
culture systems to produce large quantities 
of attenuated viral particles has served as 
the basis for the production of both human 
and veterinary vaccines. Traditional methods 
have relied on the production of viral agents 
in cells cultured in medium supplemented 
with serum, most commonly fetal bovine 
serum. The animal serum in cell cultures 
used in production processes can cause 
a number of problems for manufacturers. 
The increased costs of raw materials and 
post-production processing associated 
with serum have prompted interest in 
the development of serum-free media for 
vaccine production. More recently, the 
potential for contamination by adventitious 
agents present in serum has heightened 
regulatory concerns regarding the use of 
animal-derived components in media used 
for pharmaceutical manufacturing. With 
these factors in mind, Sigma has developed 
new media for vaccine production with 
reduced levels or completely devoid of 
animal-derived components.

EX-CELL Vaccine Media
Name Cat. No.

EX-CELL® 293 Serum-Free 
Medium for HEK 293 Cells

14571C-500ML
14571C-1000ML

EX-CELL® 293 Serum-Free 
Medium for HEK 293 Cells

24571C-1L
24571C-5L
24571C-10L
24571C-50L
24571C-100L

EX-CELL® GTM-3 G9916-1L
G9916-6X1L

EX-CELL® HeLa Serum-Free 
Medium for HeLa Cells

14591C-500ML
14591C-1000ML

EX-CELL® MDCK Growth Medium M3803-1L
M3803-6X1L

EX-CELL® MDCK Production 
Medium

M3678-1L
M3678-6X1L

EX-CELL® MDCK Serum-Free 
Medium for MDCK Cells

14581C-500ML
14581C-1000ML

EX-CELL® VPRO Serum-Free 
Medium for Retinoblast Cells

14561C-500ML
14561C-1000ML

EX-CELL® VPRO Serum-Free 
Medium for Retinoblast Cells

24561C-1L
24561C-5L
24561C-10L
24561C-50L
24561C-100L

Classical Media
Traditionally viruses for seasonal influenza 
vaccines have been grown in eggs over 
a number of months. Recently influenza 
vaccine development has used cell culture 
techniques for virus growth in living cells 
instead of the time-consuming egg-based 
process of the past.

Classical Media
Name Cat. No.

Basal Medium Eagle B1522-500ML
B1522-6X500ML

Dulbecco’s Modified Eagle’s 
Medium - high glucose

D5648-10X1L
D5648-2X5L
D5648-10L
D5648-50L

Dulbecco’s Modified Eagle’s 
Medium - high glucose

D7777-10X1L
D7777-10L
D7777-50L

Dulbecco’s Modified Eagle’s 
Medium - low glucose

D5523-10X1L
D5523-10L
D5523-50L

Name Cat. No.

Dulbecco’s Modified Eagle’s 
Medium/Nutrient Mixture
 F-12 Ham

D8900-10X1L
D8900-10L
D8900-50L

Iscove’s Modified 
Dulbecco’s Medium

I3390-500ML
I3390-6X500ML
I3390-24X500ML
I3390-1L
I3390-6X1L

Iscove’s Modified 
Dulbecco’s Medium

I7633-10X1L
I7633-10L
I7633-50L

Minimum Essential Medium Eagle M0894-10X1L
M0894-10L

Minimum Essential Medium 
Eagle, Auto-Mod™

M0769-10X1L
M0769-50L

Nutrient Mixture F-12 Ham N6760-10X1L
N6760-10L
N6760-50L

Serum
Fetal bovine serum (FBS) is the most 
widely used growth supplement for cell 
culture media because of its high content 
of embryonic growth promoting factors. 
When used at appropriate concentrations 
it supplies many defined and components 
that have been shown to satisfy specific 
metabolic requirements for the culture of 
cells in vitro.

Sigma-Aldrich continues its commitment to 
the life science researcher by providing over 
30 years of fetal bovine serum production 
and manufacturing. We offer a variety 
of origins with special treatments and 
specifications along with a dependable, 
consistent supply that is ISO certified quality 
from collection to finished product.

Classical Media—Cont’d

http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/14530C
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/14530C
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/14533C
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/14533C
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/14531C
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/14531C
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/14571C
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/14571C
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/24571C
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/24571C
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/24571C
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/24571C
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/24571C
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/G9916
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/G9916
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/14591C
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/14591C
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/M3803
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/M3803
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/M3678
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/M3678
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/14581C
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/14581C
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/14561C
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/14561C
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/24561C
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/24561C
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/24561C
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/24561C
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/24561C
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/B1522
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/B1522
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/D5648
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/D5648
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/D5648
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/D5648
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/D7777
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/D7777
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/D7777
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/D5523
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/D5523
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/D5523
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/D8900
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/D8900
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/D8900
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/I3390
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/I3390
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/I3390
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/I3390
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/I3390
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/I7633
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/I7633
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/I7633
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/M0894
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/M0894
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/M0769
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/M0769
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/N6760
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/N6760
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/N6760
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For ordering and availability contact your local Sigma-Aldrich office or visit sigma-aldrich.com.

Product Testing for Fetal Bovine Sera (USA Origin Products)
F2442 F6178 F4135 F0392 12107C F0643 F3018 F6765

Source bovine bovine bovine bovine bovine bovine bovine bovine

Country USA USA USA USA USA USA USA USA

Sterility ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

Performance ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

Cloning Assay ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

Virus (raw material) ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

Mycoplasma ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

Bacteriophage ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

Endotoxin (EU/mL) ≤10 ≤25 ≤10 ≤10 ≤10 ≤10 ≤10 ≤10

Hemoglobin (mg%) ≤20 ≤25 ≤20 ≤20 ≤20 ≤20 ≤20 ≤20

Total Protein (g%) 3.0 – 4.5 3.0 – 4.5 3.0 – 4.5 3.0 – 4.5 3.0 – 4.3 3.0 – 4.5 3.0 – 4.5 3.0 – 4.5

Electrophorectic
Pattern

✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

IgG ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

Hormone Testing ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

pH at RT 6.7 – 8.0 6.7 – 8.0 6.7 – 8.0 6.7 – 8.0 6.8 – 8.1 6.7 – 8.0 6.7 – 8.0 6.7 – 8.0

Osmolality 
(mOsm/Kg H2O)

260 – 340 260 – 340 260 – 340 260 – 340 280 – 330 260 – 340 260 – 340 260 – 340

Chemical Analysis ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

Tetracyline ✓ ✓ • • • • • ✓

✓ – Indicates testing is performed and product meets specification.
•	–	Test	is	not	performed.
a – Available in Europe only. Please check with your local supplier regarding availability.

Product Testing for Fetal Bovine Sera (Non-USA Origin Products)
F7524a F9665a F1051 F9423b 12003C 12007C 12203C 12306C F0926

Source bovine bovine bovine bovine bovine bovine bovine bovine bovine

Country Not of
USA Origin

Not of
USA Origin

Canada Australia Australia Australia New Zealand USDA
Approved

USDA
Approved

Sterility ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

Performance ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

Cloning Assay ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

Virus (raw material) ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

Mycoplasma ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

Bacteriophage • • • ✓ ✓ ✓ ✓ • •

Endotoxin (EU/mL) ≤10 ≤10 ≤10 ≤10 ≤10 ≤10 ≤10 ≤10 ≤10

Hemoglobin (mg%) ≤20 ≤20 ≤20 ≤20 ≤25 ≤25 ≤25 ≤25 ≤25

Total Protein (g%) 3.0 – 4.5 3.0 – 4.5 3.0 – 4.5 3.0 – 4.5 3.0 –  4.5 3.0 – 4.5 3.0 – 4.5 3.0 – 4.5 3.0 – 4.5

Electrophoretic Pattern ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

IgG ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

Hormone Testing • • ✓ ✓ • • • • •

pH at RT 6.7 – 8.0 6.7 – 8.0 6.7 – 8.0 6.7 – 8.0 6.8 – 8.1 6.8 – 8.1 6.8 – 8.1 6.8 – 8.1 6.8 – 8.1

Osmolality (mOsm/Kg H2O) 260 – 340 260 – 340 260 – 340 260 – 340 260 – 330 260 – 330 260 – 330 260 – 330 260 – 330

Chemical Analysis ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

Tetracycline • • • • • • • •	 ✓

✓ – Indicates testing is performed and product meets specification.
•	–	Test	is	not	performed.
a – Available in Europe only. Please check with your local supplier regarding availability.
b – Available in Japan only.

http://www.sigma.com/order
http://www.sigma.com/techinfo
http://www.sigma.com/lifescience
http://www.sigma-aldrich.com
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Effective and robust vaccines demand 
high quality, accurate tools at every step in 
development and production. These tools 
can range from syringes for inoculation 
and delivery to plates for post-production 
analysis. The list of products below is made 
up of just a sampling of labware to support 
your vaccine process. For a complete 
selection, visit sigma-aldrich.com/labware.

Syringes and Needles

Becton Dickinson hypodermic syringes,
poly pro pylene

*Indicates a convenient sterile tray pack.

Polypropylene body and plunger (Latex-free tip).

 capacity 3.0 mL

Z192104-100EA 100 ea

 capacity 5.0 mL

Z192120-100EA 100 ea

 capacity 10.0 mL

Z192023-100EA 100 ea

Dual-scale tuberculin syringes
 capacity 1 mL (16 minims)
product of Popper 5205

Z181684-100EA 1 ea

 capacity 2 mL (32 minims)
product of Popper 5207

Z102334-100EA 1 ea

Micro-Mate® interchangeable dual scale
tuberculin syringes

product of Popper 5209
capacity..............................1 mL (16 minims)

Z102334-1EA 1 ea

Life Science Labware
Micro-Mate® interchangeable
hypodermic syringes

Characteristics:

All are made from borosilicate glass; metal parts 
are chrome-plated brass. Syringes have male 
fittings.

Thermal shock and corrosion resistant.•	
Reinforced flanges, flat on two sides to prevent •	
syringe rolling.

Precision shrinking ensures leakproof fit.•	
Graduations permanently fused into glass •	
affording lifetime legibility.

 Colored plunger ends, fused around bottom •	
beveled rim of plunger, facilitate volume 
measurement. 

Three tip styles available:

Needle-lock Luer—Tips fitted to heavy glass 
bases to ensure greater strength than glass-Luer 
tips. All Luer needles lock into needle-lock tips 
with an easy twist.

Metal Luer—Include all the same features as 
needle-lock tips, except for the special locking 
device. Fit all luer needles and other female Luer 
fittings.

Glass Luer—Tips have reinforced glass bases to 
ensure strength and minimize breakage; beveled 
ends to reduce chipping.

 capacity 2 mL
product of Popper 5007

Z101044-2EA 2 ea
Z101044-6EA 6 ea

Life Science Labware

Perfektum® hypodermic syringes

All are made from borosilicate glass. Metal parts 
are chrome-plated brass. Syringes have 
male fittings.

 Matched serial numbers on barrels and plungers •	
for critical applications, not interchangeable.

 Frosted, individually lapped barrels and plungers •	
withstand some-what higher pressures.

 Conform fully to U.S. Government specifications: •	
GG-S-921 Band GG-S-935.

Individually boxed.•	

 capacity 1 mL
product of Popper 5101

Z181307-2EA 2 ea

B-D Precisionglide® syringe needles

Fits any Luer lock, slip tip, or eccentric tip syringe.•	
SS Microlance regular-bevel point.•	
Siliconized cannula to reduce resistance.•	
PP Luer hub color coded to needle gauge.•	

Packaged as individual fiber-free, peel-apart 
packages in strips of five sterile needles. Sheath 
protects point and cannula. All packages carry lot 
control numbers to insure sterility.

 L 1.0 in., 25 gauge

Z192406-100EA 100 ea

 L 11/2 in., 25 gauge

Z192414-100EA 100 ea
 L 11/2 in., 18 gauge

Z118044-100EA 100 ea

http://www.sigma-aldrich.com/labware
http://www.sigmaaldrich.com/catalog/search/ProductDetail/ALDRICH/Z192104
http://www.sigmaaldrich.com/catalog/search/ProductDetail/ALDRICH/Z192120
http://www.sigmaaldrich.com/catalog/search/ProductDetail/ALDRICH/Z192023
http://www.sigmaaldrich.com/catalog/search/ProductDetail/ALDRICH/Z102334
http://www.sigmaaldrich.com/catalog/search/ProductDetail/ALDRICH/Z101044
http://www.sigmaaldrich.com/catalog/search/ProductDetail/ALDRICH/Z101044
http://www.sigmaaldrich.com/catalog/search/ProductDetail/ALDRICH/Z181307
http://www.sigmaaldrich.com/catalog/search/ProductDetail/ALDRICH/Z192406
http://www.sigmaaldrich.com/catalog/search/ProductDetail/ALDRICH/Z192414
http://www.sigmaaldrich.com/catalog/search/ProductDetail/ALDRICH/Z118044
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Dialysis Tubing
 
 
 
Name

MWCO 
99.99% 
Retention 
(kDa)

 
 
 
Cat. No.

Dialysis tubing, high retention 
seamless cellulose tubing

12400 D0405

Dialysis tubing, high retention 
seamless cellulose tubing

12400 D0530

Dialysis tubing, high retention 
seamless cellulose tubing

12400 D0655
D0655

Spectra/Por®Float-A-Lyzer®G2 8–10 Z726508

Spectra/Por®Float-A-Lyzer®G2 8–10 Z726605

Spectra/Por®Float-A-Lyzer®G2 20 Z726710

Spectra/Por®Float-A-Lyzer®G2 20 Z726834

Spectra/Por®Float-A-Lyzer®G2 20 Z726931

Spectra/Por®Float-A-Lyzer®G2 100 Z727040

Spectra/Por®Float-A-Lyzer®G2 100 Z727156

Spectra/Por®Float-A-Lyzer®G2 100 Z727253

Electrophoresis
Sigma-Aldrich® MSMINIDUO horizontal gel 
elec trop horesis system

This is the smallest unit in the range, designed 
for the researcher with low to medium numbers 
of samples. Unit includes 7 x 7 cm and 7 x 10 
cm UV Tray, 2 x 8 sample, 1 mm thick combs, 
casting dams, and loading guides. The small 
gel size maximizes run economy but does not 
compromise versatility as two tray options are 
included. The combs range from preparative up 
to 16 samples. Simply by altering the gel tray or 
comb, this compact unit is capable of resolving up 
to 48 different samples, prepping 1ml of sample or 
separating sample bands over a distance of 9 cm.

sufficient for, Up to 32 samples for 7x7cm tray

sufficient for, Up to 64 samples for 7x10cm tray

Corrosion resistant gold plated lid terminals with 
retractable connectors compatible with most 
major power supplies.
W × L × H..............................21 cm × 9 cm × 9 cm, unit 
dimensions
volume size..............................225 mL, buffer volume 

EP1101

EP1101-1EA 1 ea

Sigma-Aldrich® CVS10DSYS dual mini 
vertical gel elec trop horesis system

The preferred unit for routine mini protein 
electrophoresis, the omniPAGE mini is constructed 
using the latest injection moulding manufacturing 
techniques. This gives a high quality, low cost 
product with unsurpassed finish,durability and 
strength. The unit incorporates a sealing system 
which is compatible with all major types of 8 x 10 
cm and 10 x 10 cm precast gel. Gel casting and 
running utilize the same insert, no transfer of glass 
plates during gel casting is necessary. The insert 
contains the option of sliding clamps or just one 
screw per clamping bar side allowing very rapid 
set up of both handcast and precast gels. Ultra soft 
silicone seals and pressure bars which surround 
the glass plates guarantee leak proof gelcasting. 
2 mm thick glass plates prevent breakage and 
have bonded spacers for convenience. Accessory 
electroblotting and tube gel modules are available 
which use the same outer tank and lid.

 Typical Applications include Mini SDS-PAGE, •	
Native PAGE, Gradient, Second dimension and 
Nucleic Acid Separation.

Injection moulded construction.•	
Compatible with all 8 x 10 and 10 x 10m •	
precast gels.

Rapid gel casting and loading.•	
Low buffer volumes.•	
Rapid set up cooling.•	
Run up to four gels.•	

Included with the omniPAGE mini unit are dual 
10 x 10 cm glass plates with bonded 1 mm thick 
spacers, 2 x 12 sample combs, cooling pack, 
dummy plate and casting base. Furthermore, these 
units can accommodate gels with the following 
dimensions (W x L): 7.5 x 8.5 cm. In addition, this 
unit accommodates a variety of comb options 
that include sample options of 1, 5, 8MC, 9, 10, 12, 
16MC, and 20 as well as comb featuring 0.75, 1, 1.5 
and 2.0 mm thickness.
volume × volume..............................min 250 mL × max 
1200 mL
W × D × H..............................19 cm × 13 cm × 15 cm

EP1301

EP1301-1EA 1 ea

Sigma-Aldrich® VS20 dual caster

EP1402

EP1402-1EA 1 ea

Books
Vaccine Adjuvants and Delivery Systems

This unique resource brings scientists up to date 
on recent advances and provides the information 
they need to select candidate adjuvants. 
Written by leading experts, this book provides a 
comprehensive overview of the rapidly evolving 
field and developing formulation methods and 
covers cutting-edge technologies and gives the 
current status of adjuvants in clinical trials and 
those still in the pre-clinical stage. It includes 
detailed information on specific vaccine adjuvants, 
including MF59, TLR4 agonists, new iscoms, 
cytokines, polyphosphazenes, and more. The text 
discusses the mechanisms of adjuvant actions, and 
covers some novel adjuvants and delivery systems 
and the safety evaluation of adjuvants

M Singh, John Wiley and sons, 2007, 449 pp., 
hard cover.

Z731358-1EA 1 ea

Vaccine Adjuvants: Immunological and 
Clinical Principles

A cutting-edge review of the major research areas 
of adjuvant discovery, design, development, and 
use. The authors lay down a rational basis for 
vaccine adjuvant function and analyze a number 
of significantly distinct adjuvant-active molecules 
to illuminate the principles of their function 
and use. The focus is on specific receptor-ligand 
interactions, including the molecular features 
needed for a compound to possess adjuvant 
activity. The critical interface zone between the 
innate and adaptive immune systems is also 
analyzed to show how adjuvants exert their effects 
on T- and B-cell activation. Additional chapters 
address the possibility of tailoring adjuvants to 
yield optimally safe and effective responses.

C. Hackett and D. Harn, Humana Press, 2006, 
296 pp., hard cover.

Z705896-1EA 1 ea
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