Invitrogen transfection products
High-performance lipid-based reagents and electroporation
system—delivered with over 30 years of expertise

invitrogen

Introduction
Transfection is a key step in cell biology, gene expression,
gene knockdown, and genome editing experiments.
Our high-quality products for lipid-based transfection
and electroporation are useful across a wide variety of
cell types and applications. Invitrogen™ Lipofectamine™
reagents are the most cited transfection reagents in
the world, with more than 300,000 citations and over
30 years of performance leadership. Ever-evolving
developments in research focused on hard-to-transfect
cells and genome editing have paved the way for the
increased popularity of electroporation systems and the
specialized payload delivery reagents featured here.
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What is transfection?
Transfection is the process of introducing foreign biological material, such as DNA, RNA,
or protein, into eukaryotic cells in vitro or in vivo.
This process is commonly used for gene expression, RNA interference (RNAi), genome
editing, protein expression for biologics production, and viral production for cell and
gene therapy research.

Transfection methods
There are three types of transfection methods: chemical, physical, and biological.
The selection of the best transfection method depends on the type of cells you
are transfecting, delivery payload type and size, transfection efficiency, cell viability
expectations, reaction scale, throughput, and budget.

Chemical methods
Cationic lipid–based transfection is the most popular chemical transfection method.
Known for its ease of use, this method can be performed using high-performance
reagents designed to work with a broad spectrum of cell types and payloads. This
method is also compatible with high-throughput applications and generally more
affordable per reaction than other methods. Cationic lipid–based transfection relies
on the formation of a complex between the negatively charged delivery payload (e.g.,
DNA) and the transfection reagent (Figure 1). Other types of chemical methods are also
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available, such as methods that utilize calcium phosphate and cationic polymers.
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Figure 1. Mechanism of transfection using cationic lipids or other chemical reagents. The positive surface charge of the reagent–DNA complex
enables attachment to the negatively charged cell surface and entry into the cell by endocytosis. Following escape from the endosome, the DNA payload
is transcribed into mRNA in the nucleus and translated into protein in the cytoplasm. An mRNA payload would be translated directly in the cytoplasm.
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Physical methods

Before electroporation

Electroporation is the most widely used physical transfection
method due to the possibility of acheiving high transfection
efficiency, even with hard-to-transfect cell types, as well as its
ease of use and biosafety. It is rapidly gaining popularity for
cell therapy applications due to its effectiveness in immune
cells. Electroporation uses an electrical pulse to create
temporary pores that allow payloads to cross the cell membrane
(Figure 2). Optimal performance can be achieved by adjusting
electroporation parameters, such as the voltage, duration,

Nucleus

pulse number, cell density, and payload amount. Other types
of physical methods are also available, such as microinjection
and sonoporation.

During electroporation

mRNA

Protein

After electroporation
Figure 2. Mechanism of transfection using electroporation. Before
electroporation, the cell membrane is intact, and the payload (e.g., DNA)
is outside of the membrane. When an electric field is induced across the
cell membrane, multiple pores form that allow the payload to enter the
cell. After electroporation, the cell membrane recovers, and the payload is
distributed in the cytoplasm and nucleus.
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Biological methods

1

Virus-mediated transfection, also known as transduction,
employs viral vectors like lentiviral vectors, adeno-associated

plasmids

virus (AAV), and retroviral vectors to deliver genes into all cells,
including hard-to-transfect cell lines (Figure 3). Viral vectors are
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broadly used in popular applications, such as cell and gene
therapies and vaccine development.
One of the main advantages of viral delivery is that the process

Transfection
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can occur inside a living organism or in cell culture with gene
delivery efficiencies approaching 100%.
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Figure 3. Preparation and use of a viral vector for recombinant
protein expression in target cells. (1) Packaging cells (e.g., HEK293)
are transfected with three or four plasmids encoding the gene of interest
and necessary viral proteins. (2) The virus is assembled in the packaging
cells, then harvested and purified. (3) The virus is used to transduce
target cells, releasing the gene of interest. (4) In this example, RNA from a
lentiviral vector is reversed-transcribed to DNA that integrates into the host
genome for recombinant protein expression.
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Selecting the right transfection method
An ideal transfection method should consistently provide high transfection efficiency, low
cell toxicity, and satisfy other criteria that are important to your goals (Table 1).

Table 1. Important factors for selecting the right transfection method.
Cationic lipid–based

Electroporation
Physical method

Biological method

Efficiency: easy-to-transfect cells

+++

+++

+++

Efficiency: hard-to-transfect cells

++

+++

+++

+++

++

+++

++

+++

++

High-throughput suitability

+++

++

+++

Ease of use

+++

+++

+

Biosafety

+++

+++

+

Cost per reaction

+++

++

+

Selection criteria

Chemical method

Cell viability
Delivery of large payload (>7 kb)

Viral delivery

+++ excellent for most applications; ++ good for some applications; + our least recommended, but may be appropriate for some applications.

A checklist for successful transfection
Once you have chosen a transfection method, refer to this easy checklist and your
chosen product’s protocol to help ensure success.
❑ Grow cells in medium with supplements and maintain cells in log-phase growth
❑ Use contaminant-free cells with a low number of passages
❑ Culture cells with >90% viability without antibiotics prior to transfection
❑ Prepare endotoxin-free, high-quality plasmid DNA or other payload
❑ Transfect cells at 50–80% confluency (cell line dependent; refer to
product-specific protocol)
❑ Design proper positive and negative controls for use during transfection
❑ Optimize transfection conditions for your experiment, such as cell density, payload
amount, payload-to-reagent ratio, or electroporation parameters
❑ Determine the best assay type and analysis time points after transfection
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Lipid-mediated delivery of DNA
Lipofectamine 3000 Transfection Reagent with P3000 Reagent
Invitrogen™ Lipofectamine™ 3000 Transfection Reagent with P3000™ Reagent is our top
recommendation for DNA delivery, offering the power to transfect your most difficult
cells. The customizable, highly efficient two-tube formulation (Figure 4) provides you with

ultimate flexibility
tailor your transfection to 3000
the needs of
specific cell types, including
How
doestoLipofectamine
reagent
primary cells, stem cells, and cancer cell lines.
provide
superior transfection efficiency?
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Figure 4. Complex formation and mechanism of transfection using Lipofectamine 3000
reagent with P3000 reagent.

When a lab needs one reagent to perform transfection across a wide variety of cell lines
that are easy, moderately hard, or hard to transfect, Lipofectamine 3000 reagent with
P3000 reagent for DNA delivery is the best choice (Figure 5).

Easy to transfect
HEK293

HeLa

Moderately hard or hard to transfect
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Figure 5. Lipofectamine 3000 or Lipofectamine 2000 reagent was used to transfect
HEK293, HeLa, CHO-K1, MCF7, A549, HepG2, NIH/3T3, HDFa, and LNCaP cells in a 96-well
format. GFP expression was analyzed 48 hours after transfection. Lipofectamine 3000 reagent
provided higher transfection efficiency in all nine cell lines, especially cell lines that are more difficult
to transfect.

Find out more at thermofisher.com/3000
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Invitrogen™ Lipofectamine™ 2000 Transfection Reagent is one of the most referenced
transfection reagents in the scientific literature (Figure 6), and it is well-suited for common
and easy-to-transfect cell types. It is widely used in transfection experiments that require
dependability, allowing researchers to focus on more important variables. This broad2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

spectrum versatility is derived from a simple protocol and well-known ability to work
Scopus
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across
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Linear (Scopus)

Linear (EBSCO)

PubMed

Europe PMC

Linear (PubMed)

Linear (Europe PMC)

Total

• Transfection conditions can be easily established for high-throughput applications

involving automated or robotic systems.
• It is the best choice for establishing stable cell lines and transfection of neuronal cells.

Annual Lipofectamine 2000 citation counts

• Effective in co-delivering both plasmid DNA and siRNA.
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Figure 6. Number of citations for Lipofectamine 2000 since the initial launch. Source:
Google Scholar™ search engine.

Find out more at thermofisher.com/2000

Lipofectamine LTX Reagent with PLUS Reagent
Invitrogen™ Lipofectamine™ LTX Reagent with PLUS™ Reagent combines a rapid, simple
protocol with high efficiency and cell viability. Providing efficient, gentle DNA plasmid
delivery, a simple streamlined protocol, and easy two-tube optimization, Lipofectamine
LTX reagent strikes the right balance between potency and gentleness.
It shines with exceptional transfection efficiency in CHO, primary fibroblast, and epithelial
cells (MEF and HMEC cells).

Find out more at thermofisher.com/ltx
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Lipid-mediated delivery of siRNA
Lipofectamine RNAiMAX Transfection Reagent
Invitrogen™ Lipofectamine™ RNAiMAX Transfection Reagent offers the highest
transfection efficiencies on the widest variety of cell types for siRNA-mediated gene
knockdown experiments, including high-throughput applications. A proprietary RNAispecific cationic lipid formulation is designed for robust delivery of siRNA and miRNA
into all cell types, especially when combined with Invitrogen™ Silencer™ Select siRNA.
The simple, rapid protocol accommodates lower siRNA concentrations, thus enabling
more effective gene knockdown with minimal nonspecific effects.
Find out more at thermofisher.com/RNAi

Invivofectamine 3.0 Reagent for in vivo delivery
Invitrogen™ Invivofectamine™ 3.0 Reagent is a breakthrough reagent for in vivo siRNA
delivery (Figure 7). Greatly improved performance and up to 85% knockdown can be
achieved using microgram levels of siRNA. Creating complexes of Invivofectamine
3.0 Reagent and siRNA duplexes for delivery is easy; simply mix, incubate, and dilute.
• Low toxicity—Typical results of blood chemistry analysis at multiple time points

show that the levels of various biomarkers in mice transfected using Invivofectamine
3.0 Reagent are not significantly different from those of untreated mice.
• Highly effective knockdown—Measuring Factor VII protein levels in serum using a

chromogenic assay 24 hours after tail vein injection have repeatedly shown that the
amount of protein knockdown is correlated with the amount of siRNA.

Invivofectamine 3.0 reagent
1. Lipid nanoparticle (LNP)–siRNA
complex formation

+
Invivofectamine 3.0
reagent

siRNA

RISC
siRNA

2. In vivo injection of
LNP-siRNA complex

Find out more at
thermofisher.com/invivofectamine

Endosomal
release

mRNA
degradation

LNP-siRNA complex
uptake via endocytosis

Figure 7. Overview of in vivo delivery of siRNA using Invivofectamine 3.0 Reagent.
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Lipid-mediated delivery of mRNA
Lipofectamine MessengerMAX Transfection Reagent

Invitrogen™ Lipofectamine™ MessengerMAX™ Transfection Reagent delivers amazing
transfection efficiency for a broad spectrum of cell types, especially primary cells
and neurons, enabling improved application outcomes and more biologically
relevant research.
Transfection of mRNA with Lipofectamine MessengerMAX reagent results in faster
protein expression because translation of mRNA occurs in the cytoplasm. Additionally,
delivery of mRNA does not require nuclear entry (Figure 8), which eliminates the risk of
genomic integration and enables high transfection efficiency in slowly dividing cells.

mRNA transfection vs. DNA transfection
mRNA transfection
Lipofectamine
MessengerMAX
reagent–mRNA
complex

Endosome

mRNA
Ribosome

Attachment and
cellular entry

Endocytosis
into cell

Stimulates endosome
escape

Translation

Protein
mRNA
Nucleus
Endosome

DNA

Transfection
reagent–DNA
complex

DNA entry
into nucleus

DNA transfection

Figure 8. Comparison of mRNA transfection and DNA transfection. mRNA transfection
bypasses nuclear entry, helping to improve protein expression in nondividing cells.

Lipofectamine MessengerMAX reagent is designed to transfect neurons and a
broad spectrum of difficult-to-transfect primary cells with a larger amount of mRNA.
This results in a more than two-fold improvement in transfection efficiency compared to
other lipid-based reagents (Figure 9).

HeLa

NIH/3T3

MCF7

HepG2

SH-SY5Y

LnCaP

Lipofectamine
MessengerMAX
mRNA reagent

Figure 9. Lipofectamine MessengerMAX reagent was used to deliver GFP mRNA (100 ng/well) in
a 96-well format. GFP expression was analyzed 48 hours after transfection. Lipofectamine MessengerMAX
reagent provided high transfection efficiency in all six cell lines.

Find out more at
thermofisher.com/messengermax
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Lipid-mediated delivery of ribonucleoprotein
for CRISPR-Cas9 genome editing
Lipofectamine CRISPRMAX Cas9 Transfection Reagent
Invitrogen™ Lipofectamine™ CRISPRMAX™ Cas9 Transfection Reagent is the first
optimized lipid nanoparticle transfection reagent for delivery of ribonucleoprotein (RNP)
complexes for CRISPR-Cas9 genome editing. It is a high throughput–compatible,
cost-effective alternative to electroporation.
Working together with Invitrogen™ TrueCut™ Cas9 Protein v2 and Invitrogen™ TrueGuide™
Synthetic gRNA, it provides:
•

Demonstrated cleavage efficiency—tested in over 20 cell types,
including iPSCs, mESCs, N2A, CHO, A549, HCT116, HeLa, HEK293,
and several others

•

Low cell toxicity—fewer cells needed to initiate your experiment

•

High-throughput compatibility—an ideal delivery solution for
96-well formats

•

Cost savings—whether cost per reaction or initial investment

Achieve high transfection efficiency in novel genome editing applications
Lipofectamine CRISPRMAX transfection reagent increases the likelihood of successful
cleavage and recombination, especially when combined with TrueCut Cas9 Protein v2
and TrueGuide Synthetic gRNA (Figure 10). This ultimately maximizes the efficiency of
performing genetic modifications.

Improve experimental outcomes using TrueCut Cas9 Protein v2
Unlike CRISPR plasmids or Cas9 mRNA, using Cas9 protein provides superior cleavage
efficiency in primary cells and stem cells. It eliminates the need for transcription
or translation of the payload, removes the risk of genomic integration, and is cell
cycle independent.
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TrueCut Cas9
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Lipofectamine
CRISPRMAX
Cas9 Transfection
Reagent

Deliver RNP complex
with Lipofectamine
CRISPRMAX reagent

Measure editing efficiency

Screen and expand clones

Target 1

Target 2

Functional validation

Figure 10. General workflow for assembly and delivery of RNP complexes for genome editing applications.

Find out more at thermofisher.com/crisprmax
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Lipid-mediated delivery for stem cells
Lipofectamine Stem Transfection Reagent
In research applications such as gene editing, gene expression, and directed
differentiation, efficient delivery of DNA, RNA, or Cas9 protein complexes into stem cells
has been difficult. Experiments involving large constructs have typically been carried out
using electroporation, as reagent-based transfection yielded poor results.
Invitrogen™ Lipofectamine™ Stem Transfection Reagent has shown versatility for delivery
of DNA, RNA, and Cas9 protein complexes into stem cells (Figure 11). It can be three
times more efficient than existing transfection reagents in iPSCs, NSCs, and MSCs. It is
flexible enough to transfect either adherent or suspension cells, and it is gentle enough
to support continued cell proliferation without inducing differentiation.
A
iPSCs

C
MSCs

Experimental condition

Recommendation

Experimental condition

Recommendation

Delivery platform
Plate format
DNA
Medium
Extracellular matrix
Cell density

Lipofectamine Stem reagent, 1 µL/well
24-well plate
GFP plasmid, 500 ng/well
Essential 8 Medium
Vitronectin
50,000 cells/well

Delivery platform
Plate format
DNA
Medium
Extracellular matrix
Cell density

Lipofectamine Stem reagent, 1 µL/well
24-well plate
GFP plasmid, 500 ng/well
MesenPRO RS Medium
CTS CELLstart Substrate
25,000 cells/well

iPSCs, GFP plasmid

Adipose-derived MSCs,
GFP plasmid

Transfection efficiency: 75%

Transfection efficiency: 47%

B

D
ESCs: transfection with large DNA constructs

iPSC-derived NSCs
Experimental condition

Recommendation

Delivery platform
Plate format
DNA
Medium
Extracellular matrix
Cell density

Lipofectamine Stem reagent, 1 µL/well
24-well plate
GFP plasmid, 500 ng/well
StemPro NSC SFM
Geltrex matrix
75,000 cells/well

H9 ESCs in StemFlex Medium
Lipofectamine Stem reagent
11 kb EF1α-GFP DNA plasmid
Transfection efficiency: 76%

H9 ESCs in mTeSR™1 Medium
Lipofectamine Stem reagent
11 kb EF1α-GFP DNA plasmid
NSCs, GFP plasmid

Transfection efficiency: 44%

Transfection efficiency: 60%
H9 ESCs in mTeSR1 Medium
Other supplier’s reagent
11 kb EF1α-GFP DNA plasmid
Transfection efficiency: 5%

Figure 11. Transfection of human stem cells with small and large DNA plasmids using Lipofectamine Stem Transfection Reagent. Highefficiency transfection with small DNA plasmids is shown in (A) iPSCs, (B) NSCs, and (C) MSCs. (D) H9 ESCs were transfected with an 11 kb DNA
plasmid using Lipofectamine Stem reagent (top, middle) with significantly higher efficiency than another leading supplier’s reagent (bottom).

Find out more at thermofisher.com/lipofectaminestem
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Invitrogen™ Neon™ Transfection System
Electroporation
The unique Neon Transfection System—performance delivered with flexibility and simplicity
Invitrogen™ Neon™ Transfection System

Enabling your electroporation to achieve your ambitious scientific goals
Superior performance: Neon™ electroporation technology
The Neon™ tip enables superior electroporation
efficiency and cell viability by maximizing the distance
between the two electrodes while minimizing their
surface area. As a result, the sample experiences:

Piston
Gold electrode

Tip
Neon
electroporation tip

Conventional
electroporation cuvette

• A more uniform electric field
• Minimal pH change
• Less ion formation
• Negligible heat generation

Efficiently transfect hard-to-transfect cell types

Achieve

90

>

editing efficiency
% genome
with primary human T cells

Flexibility

Simplicity
Customizable
electroporation
parameters
Deliver DNA, RNA,
ribonucleoprotein (RNP),
antibodies, and more

Transfect 2 x 104–6 x 10 6
cells per reaction

Cell-specific
protocols

140+

and counting …

1 buffer kit for all cell types
3 simple steps with the Neon

pipette:
aspirate, electroporate, and dispense
™

No more cuvette handling:
with tedious capping/de-capping,
aspirating/dispensing samples, and
transferring them from the biosafety
cabinet to instrument
Peer-reviewed
publications

10,900

and counting …

Trusted
by scientists
Used in

thousands
of labs globally

* View conditions for your cell line at thermofisher.com/celllinedatabase.

Find out more at thermofisher.com/neon
15

16

Product selection guide
Transfection products are available for DNA, siRNA, mRNA, and protein delivery, offering
a range of options to best suit your transfection experiment. Use Table 2 to find the
optimal solution for your needs.

Table 2. Transfection product selection guide.
Neon
Product

Lipofectamine

Lipofectamine

3000 reagent

2000 reagent

Workhorse

Workhorse

Workhorse

Hard-totransfect

Transfection
System

Cell type

Lipofectamine

Lipofectamine

Lipofectamine

RNAiMAX

MessengerMAX

CRISPRMAX

reagent

reagent

reagent

Workhorse

Workhorse

Workhorse

Hard-totransfect

Hard-totransfect

Hard-totransfect

Hard-totransfect

Primary

Primary

Primary

Primary

Primary

Stem

Stem

Stem

Stem

Neurons

Neurons

Neurons
DNA

DNA

3.0 reagent

DNA
siRNA or miRNA

mRNA
Payload

Invivofectamine

Stem reagent

Stem

DNA

siRNA or miRNA

Lipofectamine

siRNA or miRNA
mRNA

CRISPR-Cas9
RNP

siRNA or miRNA

mRNA
CRISPR-Cas9
RNP

CRISPR-Cas9
RNP

Antibody
Cotransfection
Delivery

Cotransfection
In vitro

In vivo
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Related products
Gibco™ Opti-MEM™ I Reduced Serum Medium is a modified Eagle’s minimum essential
medium (MEM) that is recommended for dilution of nucleic acids and transfection
reagents prior to complex formation. Transfection complexes formed in Opti-MEM
medium are usually added directly to cells growing in culture medium without the need
to remove complexes or change the medium after transfection.
Thermo Scientific™ Nunc™ treated cell culture plastics with Nunclon™ Delta surfaces
undergo rigorous testing with Gibco™ media to help ensure consistent cell growth across
multiple cell lines—it’s a proven combination for happy cells and even happier scientists.

Find out more about how Nunc cell culture plastics and Gibco media
are a proven combination at thermofisher.com/bettertogether
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Ordering information
Product

Quantity

Cat. No

Lipofectamine 3000 Transfection Reagent

1.5 mL

L3000015

Lipofectamine 2000 Transfection Reagent

1.5 mL

11668019

Lipofectamine LTX Reagent with PLUS Reagent

1 mL

15338100

Lipofectamine RNAiMAX Transfection Reagent

1.5 mL

13778150

Invivofectamine 3.0 Transfection Reagent Starter Pack

0.2 mL

IVF3001

Lipofectamine MessengerMAX Transfection Reagent

1.5 mL

LMRNA015

Lipofectamine CRISPRMAX Cas9 Transfection Reagent

1.5 mL

CMAX00015

Lipofectamine Stem Transfection Reagent

0.75 mL

STEM00008

Neon Transfection System Starter Pack

Combination pack

MPK5000S

Neon Transfection System 10 µL Kit

96 x 2 reactions

MPK1096

Neon Transfection System 100 µL Kit

96 x 2 reactions

MPK10096

TrueCut Cas9 Protein v2

500 µg

A36499

TrueGuide Modified Synthetic sgRNA

thermofisher.com/crisprgrna
100 mL

31985062

500 mL

31985070

Nunc 6-Well Cell-Culture Treated Multidishes, Nunclon Delta Surface

Case of 75

140675

Nunc 24-Well Cell-Culture Treated Multidishes, Nunclon Delta Surface

Case of 75

142475

Nunc MicroWell 96-Well Microplate, Nunclon Delta Surface

Case of 50

167008

Nunc Edge 2.0 96-Well Microplate, Nunclon Delta Surface

Case of 50

167425

Opti-MEM I Reduced Serum Medium
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Find out more about which transfection product is right
for you at thermofisher.com/transfection
For Research Use Only. Not for use in diagnostic procedures. © 2021 Thermo Fisher Scientific Inc. All rights reserved. All trademarks
are the property of Thermo Fisher Scientific and its subsidiaries unless otherwise specified. Essential 8 is a trademark of Fujifilm
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