




This fall, AAAS and Science will launch Science Translational Medicine, a new journal focused
on how basic research knowledge can be applied to positively impact human health.

The goal of Science Translational Medicine is simple: to help the scientific community harness
decades of progress in basic research and translate these complex biological discoveries into
medical advances.

Headed by Editor Katrina Kelner, Ph.D., and Chief Scientific Adviser, Elias Zerhouni, M.D.,
former Director of the NIH, the journal will feature original research articles, in-depth reviews,
and commentary. Both in print and online, Science Translational Medicine promises a unique
forum where biologists, engineers, chemists, and physicians can come together to exchange
ideas and information.

Science Translational Medicine is now accepting
manuscripts. To submit your work for consideration please
visit: www.sciencemag.org/marketing/stm/papers.dtl.

For information on institutional or individual subscriptions,
please contact sciencemedicine@aaas.org.

Introducing Science TranslationalMedicine,
the new journal fromAAAS and Science.

Coming Fourth Quarter 2009

www.ScienceTranslationalMedicine.org

A new journal
from the publisher
ofScience,AAAS
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Biacore systems

from inspiration
...to publication

Highest quality, information-rich interaction data from

Biacore™ systems deepen your understanding of molecular

mechanisms and interaction pathways and enable you

to add function to structure.

Select the perfect solution for your application and

draw conclusions with confidence – from the company

that continues to set the standard for label-free protein

interaction analysis.

For further information or register to have one

of our scientific experts contact you, please visit

www.gelifesciences.com/biacore-science

Biacore T100

unmatched performance

Biacore Flexchip

array-based comparative profiling

Biacore X100

ready to run research system

Biacore



Making improvements in life possible

Sample & Assay Technologies
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QIAGEN is making improvements in life possible in:

■ Molecular diagnostics

■ Pharma

■ Animal and veterinary testing

■ Genetic identity and forensics

■ Life science research
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Your local distributor www.eppendorf.com/worldwide · Application Support E-Mail: support@eppendorf.com

Eppendorf AG · Hamburg · Germany · Tel: +49 40 538 01-0 · Eppendorf North America, Inc. · USA · Tel.: +1 800 645 3050

Each of your valuable samples deserves the best

treatment. See for yourself how the Eppendorf tips

will save time and reduce costs.

With respect to material, �t, design and operating forces

our tips set new standards. The close environment of

each sample should be adapted to its speci�c quality and

purity needs. This can involve a speci�c purity level or the

absence of certain substances, but also stability, reliability,

or geometry. The Eppendorf tips are designed to cover all

of the speci�c needs of your samples!

Stop Aerosols! Eppendorf ep Dual�lter T.I.P.S.®

l Maximum protection of pipette and sample by our

unique two phase �lter technology

l Ultimate absorption of aerosols and biomolecules

l Free from PCR inhibiting additives and particles from

the �lter material itself

Learn more about Eppendorf ep Dual�lter T.I.P.S.®:

www.eppendorf.com/dual�lter

Learn more about Eppendorf consumables:

www.eppendorf.com/consumables

Make the best of it!
Top quality for your sample

Eppendorf Consumables – it’s your sample



ESSENTIAL BY NATURE

The 2009|10 NEB Catalog & Technical Reference

www.neb.com

Highlights

High Fidelity (HF) Restriction Enzymes - the next generation•

in restriction enzyme technology

A comprehensive offering of PCR reagents•

The latest innovation in competent cells for protein expression•

An extensive selection of markers and ladders for DNA,•

RNA and protein

A new gene expression and cellular analysis section showcasing•

a powerful protein labeling technology unique to NEB

A range of expression systems, including a novel kit for•

cell-free expression

Tools for glycobiology•

Tools to enable RNA research•

A substantial technical reference section•

To request a copy, visit www.neb.com

This year’s catalog features minireviews focused

on renewable energy generated from natural resources.

CLONING & MAPPING
DNA AMPLIFICATION

& PCR
RNA ANALYSIS

PROTEIN EXPRESSION

& ANALYSIS

GENE EXPRESSION

& CELLULAR ANALYSIS



“It’s truly exhilarating to
be recognized for your
hard work. This prize
will motivate young
generations of scientists
and encourage new
discoveries.“

Subm
ission

deadline

August 1

imagination at work

For the purpose of this prize, molecular biology is
defined as “that part of biology which attempts to
interpret biological events in terms of the physico-
chemical properties of molecules in a cell”.

(McGraw-Hill Dictionary of Scientific and
Technical Terms, 4th Edition).

GE Healthcare Bio-Sciences AB, a General
Electric Company.
Björkgatan 30, 751 84 Uppsala, Sweden.
© 2009 General Electric Company
– All rights reserved.

The GE & Science Prize for Young Life Scientists.

Rewarding brilliance since 1995.

Imagine standing on the podium at the Grand Hotel in Stockholm, making your
acceptance speech. Imagine joining the ranks of those published in Science magazine
and having your essay on your work in molecular biology read by your peers around
the world. Imagine taking part in a seminar with the other Prize winners and Nobel
Prize laureates and discussing your work with leaders in the field. Imagine what you
could do with the US$25,000 prize money. Imagine this brilliant start to your career
and where it could lead you. Now stop imagining, and make it a reality.

Dr. Christine Jacobs-Wagner did just that. In 1997, she entered in the GE & Science
Prize for Young Life Scientists and won the grand prize. So why not you? If you are one
of those who were awarded a Ph.D in 2008, then submit your 1000-word essay by
August 1, 2009. Your brilliant idea could well be on its way to building a better reality,
for you and for those around you.

All the information you need awaits you at: www.gelifesciences.com/science

Dr. Christine Jacobs-Wagner

Grand Prize winner 1997



Switch to Superior High Fidelity PCR

For more information

www.takara-bio.com

Japan:

Takara Bio Inc.
+81 77 543 7247
www.takara-bio.com

USA:

Takara Bio USA
A Division of Clontech Laboratories, Inc

888-251-6618
www.takarabiousa.com

Europe:

Takara Bio Europe S.A.S.
+33 1 3904 6880
www.takara-bio.eu

China:

Takara Biotechnology
(Dalian) Co., Ltd.
+86 411 8764 1681
www.takara.com.cn

Korea:

Takara Korea
Biomedical Inc.
+82 2 2081 2525
www.takara.co.kr

PrimeSTAR®

PCR Products

Amplification Efficiency of a

2 kb Human Genomic DNA

Fragment (DCLRE1A). Excellent

sensitivity and yield are observed

when amplifying with PrimeSTAR®.

Quantities: Lane1: 0 ng (dH
2
O),

Lane 2: 100 pg, Lane 3: 1 ng,

Lane 4: 10 ng, Lane 5: 100 ng.

PrimeSTAR
®

Company N Company B Company I Company S
1 2 3 4 5M 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5

Top Five
Reasons
to Switch to
PrimeSTAR®:

 Higher Accuracy: A
strong exonuclease activity

results in an extremely low error

rate, with only 15 errors per 480,000

bp on a GC-rich template.

 Higher Efficiency: Higher than

Taq Polymerase.

 Robust Amplifications: A single PCR

cycling protocol can be used to amplify products of

varying sizes.

 Greater Specificity: The antibody mediated Hot

Start formulation prevents false initiation events during

reaction assembly.

 Excellent with GC-Rich Targets: Robust performance with

GC-rich templates using the GC buffer formulation.

PrimeSTAR® is a registered trademark of Takara Bio Inc. Purchase of this product includes an immunity from suit under patents specified

in the product insert to use only the amount purchased for the purchaser’s own internal research. No other patent rights (such as 5’

Nuclease Process patent rights) are conveyed expressly, by implication, or by estoppel. Further information on purchasing licenses may

be obtained by contacting the Director of Licensing, Applied Biosystems, 850 Lincoln Centre Drive, Foster City, California 94404,

USA. Takara Bio’s Hot-Start PCR-Related products are licensed under U.S. Patent 5,338,671 and 5,587,287

and corresponding patents in other countries.
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Inclusion of companies in this article does not indicate
endorsement by either AAAS or Science, nor is it meant to
imply that their products or services are superior to those
of other companies.

Look for these Upcoming Articles

Label-free Technologies — September 18

Epigenetics — October 9

RNAi — October 16

Transferring specific nucleic acids into cells can modulate gene function, thereby re-

vealing the mechanism of action and ultimate role of specific stretches of DNA. None-

theless, getting the nucleic acids into the right cells efficiently and without damaging

them creates challenges as diverse as the cells themselves. By Mike May

T
o study the processes behind gene expression, scientists often want to

modify a specific cell’s genome with selected nucleic acids. Making gene

transfer work—getting nucleic acids from one cell into another—requires

solving many problems. “Every cell type, especially cultured cells, has a

different tolerance for each approach to gene transfer,” explains Warren E.

Zimmer, Scott Exter Professor in the department of systems biology and translational

medicine at the Texas A&M Health Science Center in College Station.

Transfection experiments can be performed using a range of approaches:

chemical, electrical, lipid- or protein-based, or viral. And within each cat-

egory, a variety of protocols exists. These range from using different in-

struments to changing reagents or sample handling. Consequently,

it’s not always easy to get started working in this field. “It’s good to

know somebody in the business before you start trying these things,”

Zimmer says. This can help a researcher come up with a better ap-

proach to a gene transfer problem than simply going at it through trial

and error.

As researchers try to apply gene transfer to a growing range of cells

and situations, vendors keep improving on the tools for transfection. As

a result, today’s transfection tools are easier to use and more efficient.

Chemical and Electrical Transfection
Among the various ways that a researcher can introduce genes into cells,

chemical methods are some of the oldest. For example, a scientist can coat

DNA with calcium carbonate, which forms a crystal on a cell’s membrane. The cell

takes up the crystal and releases the DNA in the cytoplasm. If the cell is dividing, the

transfected DNA can end up in the nucleus.

In fact, many chemical approaches exist. For example, Agilent Technologies’

Stratagene Products Division in La Jolla, California, uses a polyamine reagent in its

GeneJammer Transfection product. “The transfection efficiency varies depending on

the cell type,” explains Scott O’Brien, product line manager for Stratagene. “For HeLa

cells, the efficiency is 95–99 percent.” The portion of cells killed in the process also

varies among cell types. Again using HeLa cells as an example, O’Brien says, “the cell

death is primarily a function of background—1–5 percent.”

In addition, Roche, with its headquarters in Basel, Switzerland, offers the FuGENE

HD Transfection Reagent. “It delivers plasmid DNA or shRNAwith high transfection ef-

ficiency in a broad variety of cell lines, including many cell lines and primary cells that

other reagents can’t transfect,” says Mike Leous, manager of marketing, discovery

reagents, at Roche Applied Science. He adds, “FuGENE HD Transfection Reagent ex-

hibits very low cytotoxicity, so more cells survive than with many other reagents. Just

as important, but much less known: It generates fewer ‘off-target effects.’” That is,

the FuGENE HD Reagent itself does not cause the nonspecific up- or down-regulation

of genes. “This allows researchers to truly measure the impact of their transfected

sequence—not the impact of their transfection reagent,” Leous says.C
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GENE TRANSFER:
TAMING DIVERSITY

“Every cell type, especially cultured

cells, has a different tolerance for

each approach to gene

transfer.”

Technologies for Gene Transfer

continued >
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Some of today’s chemical techniques also use advanced materi-

als. For instance, Qiagen in Hilden, Germany, offers a nanopolymer-

based product called the NanoFect Transfection Reagent. Qiagen

chemically synthesizes these nanopolymers, which include no lipids

or animal-derived components. The nanopolymers and DNA form

complexes that can enter a range of cells, including HeLa, MCF-7,

and others.

Instead of introducing genes into cells with chemical methods,

researcherscanalsouseanelectricalapproachcalledelectroporation.

In this technique, a researcher places cells in a solution of DNA and

runs current across the cell membrane. “The current blows holes in

the cells that let in the DNA,” says Zimmer. “This is quite efficient in

some cells but it can be hard to control.”

Electroporation can be a good choice when trying to transfect pri-

mary cells. Such cells come from cultures that are started directly

from pieces of tissue or organ, and these cells usually die after a

limited number of cell divisions. “We continue to see growing use

of primary cells,” says Steve Kulisch, division marketing man-

ager in the gene expression division at Bio-Rad Laboratories in

Hercules, California, making them an important target.

With Bio-Rad’s Gene Pulser MXcell, researchers can take various

approaches to electroporation. This instrument is compatible

with sample chambers that accommodate both electroporation

cuvettes and plates. Cuvettes are available in multiple “gap” sizes

and allow for single transfections in a variety of volumes. For

plates, researchers can select 12-, 24-, or 96-well versions and

transfect in as little as 100 microliters. Kulisch adds, “This is an

open system, and you can tune the conditions of electroporation

to achieve higher transfection efficiency or increased cell viability.”

Electroporation does not always take place in cuvettes. For

example, Life Technologies (formally known as Invitrogen) in

Carlsbad, California, developed its Neon Transfection Device that

uses a modified pipette tip that also functions as the transfection

chamber. “Unlike a cuvette, the pipette tip–based reaction vessel

was designed to improve cell viability and the experimental

workflow by reducing cell-handling steps,” says Keith Farnsworth,

product development manager for Invitrogen’s molecular biology

reagents. The Neon Transfection Device with its integrated buffer

kit works with cell lines, primary cells, and stem cells. Depending on

the cells being transfected with this technique, efficiency and cell

survival can both be very high and range in different cell types from

53 percent to 94 percent and 59 percent to 97 percent, respectively.

Turning to Lipids and Protein
In the lipophyllic approach to transfection, genes are encapsulated

in lipid micelles that fuse with cells, where the DNA is released.

“With this technique a transfection efficiency of 30 percent is con-

sidered good,” says Zimmer. “If you are looking for, say, a report-

er with no background, that is okay, but often you need a higher

transfection efficiency.”

One of the most enduring lipid-based approaches is Life

Technologies’ Lipofectamine line. For example, Lipofectamine

LTX works “great for immortalized cell lines and some primary

cells,” says Farnsworth. “Our customers tell us that it strikes

the right balance—being potent enough to deliver a plasmid to

many cell types but gentle enough to not disrupt cell viability.” In

addition, Lipofectamine RNAiMAX delivers short interfering RNA

(siRNA). “Our customers are finding that they can achieve high

gene knockdown results with minimal amounts of siRNA,” says

Farnsworth. “This improvement in transfection efficiency helps to

reduce off-target effects.”

Lipid-based transfection can also be used with in vivo applica-

tions. Life Technologies’ Invivofectamine, for instance, was devel-

oped for in vivo delivery of siRNA. “This is more challenging than in

vitro transfection,” says Farnsworth. “The siRNA needs to trans-

fect the targeted organs of a subject animal and provide extra sta-

bility to the siRNA so that the delivered material arrives intact and

ready to perform gene knockdown.” To help with that, this technol-

ogy uses Life Technologies’ Stealth siRNA, which Farnsworth says

“has been modified to reduce off-target effects and to evade the host

immune response.”

Lipofectamine can also be used in conjunction with a range of

tools, such as the AmpliCell from Advalytix, which is headquartered

in Munich, Germany. “In order to do transfection, cell growth, and

PCR [polymerase chain reaction] all in one place, we attached an

eight-chamber device on top of the AmpliGrid,” says Frank Feist, ex-

ecutive director at Advalytix. The AmpliGrid is a slide-based product

for PCR. “You add the cells you want to transfect to the chamber,

let them grow in a monolayer, and transfect them with just 100 mi-

croliters of volume.” Moreover, eight different transfection reagents

can be tried with the same slide-and-chamber combination. Later, a

researcher can use the same slide to do PCR on the transfected cells,

all without reformatting. “It cuts out handing steps, which minimizes

cellular stress and leads to more representative gene expression,

saves reagent, and it’s multiplexed,” Feist says. The AmpliGrid with

Featured Participants
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Agilent Technologies
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added chamber is called the AmpliCell, and is expected to launch

later in 2009.

In addition tomaking the slides, chambers, and reagents, Advalytix

provides protocols. “Many of our customers are oncologists, immu-

nologists, and stem cell researchers,” Feist says. “So we have many

protocols related to clinical oncology, immunology, and stem cells.”

Genes can also be introduced into cells with protein-based

transfection. For example, some cell types—such as primary cells,

neurons, and nondividing cells in general—can be difficult to

transfect with traditional techniques. To overcome this challenge,

Sigma-Aldrich developed its N-TER Nanoparticle siRNA Transfection

System, which uses a peptide-based approach to delivering siRNA.

For in vivo applications, says Heather Holemon, research and

development manager in functional genomics at Sigma-Aldrich in

St. Louis, Missouri, “a major limitation of RNA interference is getting

reagents into the cells and with the right biodistribution.” Moreover,

such a system must work in a range of situations. “You want to use

the same approach to test a knockdown in vitro and then move to

in vivo,” says Supriya Shivakumar, global commercial marketing

manager for functional genomics at Sigma-Aldrich. This is possible

with N-TER.

Viral Transfection
Virally mediated techniques provide an alternative means for

transfection. For example, this can be done with adenoviruses or

lentiviruses. “The good news is that virus-mediated gene transfer is

highly efficient—virtually 100 percent,” says Zimmer. “The bad news

is that the virus can induce cellular responses.”

When using short hairpin RNA (shRNA), Sigma-Aldrich scientists

focus on a lentiviral approach. The company is part of the RNAi

Consortium, led by the Broad Institute at the Massachusetts Insti-

tute of Technology, which is developing a library of shRNA against

the whole-human and whole-mouse genomes, as well as lentiviral

vectors for a variety of applications. “This virus offers extra ad-

vantages, because it is effective even in primary and nondividing

cells, and you can manipulate it with things like antibiotic resis-

tance or green fluorescent protein markers. Then, you can track it,”

says Shivakumar.

One of Stratagene’s viral-based transfection systems, AdEasy, uses

adenovirus. DNA is cloned into the viral particle which then infects

the cell and undergoes replication. With this technique, researchers

must employ high biosafety levels, because the virus remains active.

In contrast, Stratagene’s transfection reagents based on adeno-

associated virus (AAV) do not allow viral replication. “This technique

is very safe and can be used in a standard lab environment,”

O’Brien explains.

Therapeutic Challenges
The idea of transferring genes often leads to thinking about repairing

genetic diseases. “If you look over the past 15 years or so, though,

gene therapy has gone through a bit of a rough time,” says Andrew

Baker, professor of molecular medicine at the University of Glasgow

in the United Kingdom. “There was an initial boom in the 1990s, but

problems turned up regarding the safety of vectors.” Today, some

improved techniques might solve the safety issues that held back

earlier approaches to gene therapies.

Baker focusesonadenovirus-basedgene transfer. “The adenovirus

family is very large, and there are some serotypes of adenovirus that

are very rare,” Baker says. “The more rare a serotype is, the more

likely a patient will not have preexisting antibodies to it. That could

make such a virus more useful in the clinical setting.” Those rare

adenoviruses, however, are sometimes the ones that researchers

understand the least. “So we will need some basic studies to

understand the biology of the virus as well as detailed safety

studies,” Baker says.

In addition, transfection used as therapy should not cause a

patient’s immune system to react. “The problem, though, with many

vectors is that they do create an immune response—inflammatory

issues or aberrant proliferation,” says Stuart Naylor, chief scientific

officer at Oxford BioMedica in the United Kingdom. Naylor and

his colleagues focus on viral vectors. “We think they provide a

gain in efficiency and work well for differentiated cell types,” he

says. But among viral vectors, clinical researchers must still pick

from adenoviruses, adeno-associated viruses, and lentiviruses.

“Adenoviruses are very immunogenic and perturb target cells in

the dish or in man,” says Naylor. “Adeno-associated viruses are

less predictable in expression.” He continues: “We use lentiviruses

because of their larger cargo capacity and predictable kinetics

of expression.”

Some of Oxford BioMedica’s gene therapies are already being

tested. For example, ProSavin—a dopamine-replacement therapy

intended for patients with Parkinson’s disease—is in a clinical trial

in France. This gene therapy gets injected directly into the striatum

of the brain, where it converts cells into dopamine factories. It uses

LentiVector, which is a lentiviral-based approach to gene-delivery

technology that, Naylor says, was designed to overcome the

problems associated with earlier generations of vector technology

and can stably deliver genes. “So far, the clinical trials show that

this approach is safe, and there are some signs in the subjects of

dopaminergic activity,” Naylor says.

The current range of research and medical science impacted by

gene transfer is just the beginning. As more tools become available,

even more basic researchers will find ways to put gene transfer to

work. In addition, asmedical scientists learnmore about transfection

vectors, additional clinical applications will emerge.

“The good news is

that virus-mediated

gene transfer is highly

efficient—virtually

100 percent.”
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New Products

Transfer Plasmids
A new range of transfer plasmids features unique signal sequences
and promoters that increase cloning efficiency and expression of
foreign genes. The pOET transfer plasmids have been designed to be
smaller for improved cloning efficiency and ease of use. Both pOET-
1 plasmids contain a large multiple cloning site (MCS), allowing
foreign genes to be inserted in the correct orientation. Autographica
californica multiple nuclear polyhedrosis virus (AcMNPV) sequences
flanking the gene in the transfer plasmid’s MCS allow recombination
with FlashBAC DNA to insert the expression cassette into the
polyhedron locus. In addition, pOET-1NTM has been designed for
high-level expression of foreign genes fused to an N-terminal 6xHis
tag, easing the purification of the recombinant protein. The pOET-
1 is compatible with any baculovirus system that uses homologous
recombination in insect cells.
Oxford Expression Technologies
For information +44-(0)-1865-483236
www.oetltd.com

DNA Isolation Kit
The BiOstic Bacteremia DNA Isolation Kit is optimized for the
extraction of total DNA from cultured blood for the detection of
bacteria. In the protocol, blood samples are inoculated into the
BioMerieux BacT/Alert SA Culture Bottle for growth of potential
pathogens. The kit removes the antibiotics in the sample and all
inhibitors from the medium through patented inhibitor removal
technology. The purity of the isolated DNA allows it to be used in
sensitive detection assays, including Agilent BioAnalyzer assays for
multiplex polymerase chain reaction (PCR) products and real-time
PCR.
Mo Bio Laboratories
For information 800-606-6246
www.mobio.com

Sample Storage
The automated -20°C Sample AccessManager (SAM) is an affordable
cold storage system for compounds and biological samples. The
-20°C SAMensures sample integrity bymaintaining a precise storage
environment at user-determined levels from +20°C to -40°C. Based

on the technology behind Hamilton’s -80°C storage system, the
lower throughput, automated systemoffers sample format flexibility,
cherry picking, sample tracking, and easy-to-use software, all within
a compact footprint. The sample tracking software provides an audit
trail and complete chain-of-custody documentation. The system’s
internal robotics are driven by patented external magnetic couplers
to ensure consistent storage temperature and prevent sample
degradation. The system can handle microplates or a variety of
tube sizes and is suitable for the storage of nucleic acids, tissues,
proteins, and compounds.
Hamilton Storage Technologies
For information 508-544-7000
www.hamilton-storage.com

Streptavidin Magnetic Beads
The Pierce Streptavidin Magnetic Beads are designed to streamline
the isolation and purification of biotinylated biomolecules without
columns or centrifugation. These superparamagnetic particles
offer higher binding capacity and lower nonspecific binding than
other commercially available magnetic beads, according to the
manufacturer. They are validated and optimized for use with high
throughput magnetic instrumentation, such as the Thermo Scientific
KingFisher 96 and KingFisher Flex instruments. The particles also
perform well in manual purification procedures. They can be stored
refrigerated for one year.
Thermo Fisher Scientific
For information 815-968-0747
www.thermo.com/pierce

RNA Extraction
The QuickExtract RNA Extraction kit extracts RNA from cultured cells
for reverse transcription polymerase chain reaction. The single-tube
system requires only vortex mixing to lyse the cells and prepare
the RNA for complementary DNA synthesis. The kit is free of toxic,
organic solvents and is suitable for high throughput workflows. It
has been tested on both mammalian and bacterial cell cultures.
Epicentre Biotechnologies
For information 800-284-8474
www.EpiBio.com

Transfection Device
The Neon Transfection device is a cost-effective benchtop tool for high-
efficiency transfection of DNA and small interfering RNA into more than
150 different cell types, including very difficult to transfect cells such as
primary cells, stem cells, and Jurkat cells. The device features a unique
pipette tip transfection chamber designed tominimize cell death, open-
program software for easy adjustment of transfection parameters, and
an optimized reagent kit that works with all cell types.

Invitrogen, a division of Life Technologies
For information 650-638-6113
www.lifetech.com
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