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Pioneering 
Transfection
1996-2011

ωTHE FIRSTS

ωLow toxicity technology that led to TransIT®-LT1 and FuGENE®6

ωFirst siRNAtransfection reagent -TransIT-TKO®

ωFirst serum compatible reagent for large RNA delivery - TransIT®-
mRNA

Allternatives

ωCOMPLEMENTING TRANSFECTION 

ωBroad spectrum electroporationsolution - Ingenio®

ωDirect tracking of nucleic acid delivery - Label IT®

Emerging 
Solutions
2008-2011

ωALWAYS INNOVATIONG

ωHigh performance animal free reagent - TransIT®-2020

ωHigh yield protein production in suspension cells -TransIT-PRO®

ωBiologically relevant transfection ς3D Transfection System

The Transfection Experts

BREAKTHROUGHS in TRANSFECTION
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Transfection= Research

Cell Biology Research

High Throughput Screening

Therapeutic Protein Production

In Vivo applications
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Transfection= Research

ALL UNTIL 2011 - > 270,345 research articles
YEAR 2011 - > 13,435 research articles 
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What is Transfection?

(Not Drawn to Scale)
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How does FB define Transfection?
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Transfection Methodologies 

Reagent - based 

CALCIUM PHOSPHATE

LIPIDS

ωCationic Lipids

ωLiposomes

CATIONIC POLYMERS

ωPolyethyleneimine

ωBasic proteins/peptides

ωDendrimers

ωDEAE-dextran

Instrument - based

ELECTROPORATION

OTHER

ωMicroinjection

ωBiolisticdelivery

ωMagnetic transfection
Virus - mediated
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Simple Transfection Reagent Protocol
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Why do we need TransfectionReagents?

(-) charge (-) charge

=

+

(+) charge

Neutralization of  the negative charge
& DNA condensation

(+) charge

Transfection Complex 
Formation

(Not Drawn to Scale)



11

© 2011  Mirus Bio LLC. All rights reserved.

www.TheTransfectionExperts.com

What happens during Transfection?

(Not Drawn to Scale)

J Cell Biol. 2008 Jan 14;180(1):7-11



12

© 2011  Mirus Bio LLC. All rights reserved.

www.TheTransfectionExperts.com

Cationic Lipid

Plasmid DNA

LIPOPLEXES

Net (+) Charge

(Not Drawn to Scale)
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DOTAP - 1,2-dioleoyl-3-(trimethyammonium) propane

DDAB - Dimethyldioctadecylammonium(Bromide Salt)

What are Transfection Reagents made up of?
Cationic Lipids



13

© 2011  Mirus Bio LLC. All rights reserved.

www.TheTransfectionExperts.com

O

O

O

O
HO

P

O

O

O
NH3

HO

Me

Me

H

H H

Cationic Lipid 
+ Helper Lipid

Plasmid DNA

LIPOSOME MULTI-LAYERED LIPOSOME

(Not Drawn to Scale)

Net (+) Charge

DOPE- Dioleoylphosphatidylethanolamine

Cholesterol

What are Transfection Reagents made up of?
Helper Lipids
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What are Transfection Reagents made up of?
Cationic Polymers

N
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NH2
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Quaternary amine

Primary amine
Secondary amine

Tertiary amine

Branched PEI Linear PEI 

Cationic Polymer

Plasmid DNA
Polyplex

(DNA, Polycation)

Net (+) Charge

(Not Drawn to Scale)

Very effective nucleic acid condensing agents
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What are Transfection Reagents made up of?
Lipid & Polymer Combinations

Lipid

Cationic Polymer

Plasmid DNA

Lipopolyplex
(DNA, Lipid, Polycation)

Net (+) Charge

(Not Drawn to Scale)

Synergistic combination ςEffective condensation and complexation
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Other features of Transfection Complexes

(+) charge

üCHEMICAL COMPOSITION

üTYPE OF COMPLEX

üSIZE OF TRANSFECTION COMPLEXES

ü40 - 1000 nm 

üCHARGE

ÁTransfection complexes  should have a net cationic charge

ÁPositive surface charge density - Zeta potential (+mV)

ÁCHARGE RATIO
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N/P Charge Ratio
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Branched PEI 

N/P ratio = Reagent concentration in Nitrogen residues (mM)

DNA concentration in Phosphate moieties (mM)
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Why Reagent: Nucleic Acid Ratio is important?

N/P ratio = Reagent concentration in Nitrogen residues (mM)

DNA concentration in Phosphate moieties (mM)

Reagent A                                          Reagent B Reagent C
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Evaluating Transfection Performance 

Reporter Systems

Green FluoresceinProtein (GFP)

Luciferase

b- galactosidase

Secreted Alkaline Phosphatase(SEAP)
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VisualisingNucleic Acid Delivery Directly

Labeling NucleicAcid

ωFluorescent  labeling

ωEpitopetags
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Retaining Function during Nucleic Acid Tracking

Very high labeling efficiencies can 
ÅCause quenching
ÅAffect functionality

Gene expression
ÅTranscription
ÅTranslation 

Knockdown 
ÅHybridization

COS7 cells

MOLECULAR THERAPY Vol. 8, No. 2, August 2003
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MOLECULAR THERAPY Vol. 8, No. 2, August 2003

Retaining Function during Nucleic Acid Tracking

COS-7 cells 
Rhodamine-labeled DNA expressing YFP

HeLa cells 
Fluorescein labeled siRNA
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Which Cell Types are commonly transfected?

Source : ATCC website
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Transfection Workflow
How can we improve transfection performance?

Media

Nucleic Acid

Complex Formation Time

Cell confluence/density

Harvesting Time
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Transfection Complex ςMedia Compatibility

Media

Serum 

Antibiotics

Polyanions

Pluronic® F68
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Serum-free media affects Transfection

Media
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Protein yields are affected by media

Media

Applications where  final cell 
densities is important:
Å Therapeutic Protein 

Production -
ü Antibodies
ü Growth factors

CHO-S cells
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Factors affecting Transfection Performance

Nucleic Acid

Media

Nucleic Acid

Complex Formation Time

Cell confluence/density

Harvesting Time
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The Quality of Nucleic Acid - DNA

Nucleic Acid

ü Contaminants, such as protein, carbohydrate and lipids may affect transfection 
efficiency. 
ü Ideal plasmid preparation exhibits an A260/A280 ratio of > 1.8.

Endotoxin contaminated DNA inhibits transfection

COS-7 cells

http://en.wikipedia.org/wiki/File:LPS_en.svg
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Nucleic Acid

The Features of Nucleic Acid - mRNA

- CAP analog or IRES can substitute for natural capping

-tƻƭȅ! ǘŀƛƭ Ŏŀƴ ōŜ ŀŘŘŜŘ ōȅ tƻƭȅ! ǇƻƭȅƳŜǊŀǎŜ ƻǊ ǿƛǘƘ !Ωǎ ŜƴŎƻŘŜŘ ƛƴ 5b!

Protein Coding Sequence

mRNA

5ô
3ôAAAAAA

CAP

mRNA Can Be Produced byIn Vitro Transcription
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Nucleic Acid

mRNA Tailing improves Expression
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Nucleic Acid Dosage Matters - DNA
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Nucleic Acid Dosage Matters ςmRNA and siRNA

Nucleic Acid

GFP expression from a capped and polyadenylated mRNA encoding GFP 
DC2.4 Dendritic cells

Data courtesy Kyle Phua, Duke University

COS-7 cells

0.5 µg 1.0 µg 2.5 µg
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Overexpressing Toxic Proteins

Lower plasmid dosage for the toxic  protein
Add empty non-competing cloning vector

Nucleic Acid

pUC18(ug)

pEGFP(ug)

0 0.25 0.5 0.75

1 0.75 0.5 0.25

HeLa cells

HeLa cells
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Different Co-transfection Scenarios

Same Nucleic Acid 

üMultiple Plasmid DNAs
üMultiple siRNAs
üMultiple Oligos
üaǳƭǘƛǇƭŜ Ƴwb!ǎΧ

Nucleic Acid

Always premix multiple nucleic acids to prevent preferential 
complexation with transfection reagent

Choose the molar ratio of multiple plasmids carefully
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Different Co-transfection Scenarios

Different Nucleic Acids

üPlasmid DNA + siRNA
üPlasmid DNA + Oligo
ütƭŀǎƳƛŘ 5b! Ҍ Ƴwb!Χ

Nucleic Acid

Mix complexes before adding to cells

Form complexes separately

Plasmid DNA siRNA
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Factors affecting Transfection Performance

Complex Formation 
Time

Media

Nucleic Acid

Complex Formation Time

Cell confluence/density

Harvesting Time
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Transfection Complex Formation - DNA 

Complex Formation 
Time
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Transfection Complex Formation Time - mRNA

Complex Formation 
Time
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Factors affecting Transfection Performance

Cells

Media

Nucleic Acid

Complex Formation Time

Cell confluence/density

Harvesting Time
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Adherent Cell Confluency
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Suspension cell density impacts Transfection Efficiency

Cells

CHO-S cells
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Assessing Cell Health during Transfection

Cells

-

- -

well6_TransIT-2020_GFP

HeLa cells
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Cells

Striking the Expression - Toxicity balance

HepG2 cells
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Cells

Striking the Expression - Toxicity balance

HUVEC cells
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Mycoplasma contamination can be hard to detect

Cells

Mycoplasma detection has become easy to perform with PCR based kits

Discard contaminated cultures     -OR- Treat with antibiotics

COS-7 cells
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Factors affecting Transfection Performance

Harvesting Time

Media

Nucleic Acid

Complex Formation Time

Cell confluence/density

Harvesting Time
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Experimental goals determine harvest time

Harvesting Time

TYPICAL HARVESTING TIMES

Gene Over-expression 
ü24 - 72 hours

Gene Knockdown
ü48 - 72 hours 

mRNA translation
ü4 - 24 hours

Protein Production
ü2 - 14 days
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Harvesting times affected by nucleic acid turnover

Firefly luc mRNA Delivered to NIH3T3 Cells using TransIT®-mRNA Kit

Harvesting Time
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Transfection Results Vary Day to Day 

üCompare transfection reagents on the same day
üFollow  reagent specific protocols
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Electroporation

An option for very hard-to-transfect and Non-dividing cells 

Electroporation

ADVANTAGES
ςMost efficient method for hard to transfect cells
ς Universal method for delivering all types of nucleic acids
ς Effective on a broad range of cell types 

DISADVANTAGES
ςRequires
ωElectroporation equipment and cuvettes
ωLargernumbers of cells
ωLargeramounts of nucleic acid

ς Higher cell death
ς Not suitable for short term (<6 hours) expression 

experiments
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Physical Transfection for Hard-to-Transfect Cells

Electroporation
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Electroporation Workflow

Electroporation

1. Harvest cells

3. Mix DNA with cells, 
transfer to cuvette

2. Wash cells and 
resuspend in Ingenio Solution

4. Electroporate with optimal pulse

5. Transfer electroporated cells to
culture vessel, incubate and harvest
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Electroporation causes very transient permeabilization

Electroporation

-
+ -

+

(Not Drawn to Scale)
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Optimizing Electroporation

Electroporation

1. Harvest cells

3. Mix DNA with cells, 
transfer to cuvette

2. Wash cells and 
resuspend in Ingenio Solution

4. Electroporate with optimal pulse

5. Transfer electroporated cells to
culture vessel, incubate and harvest

Electroporation Solution

Cells

Nucleic Acid

Pulse Conditions 
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Electroporation Solution determines Expression/Toxicity

Electroporation Solution



57

© 2011  Mirus Bio LLC. All rights reserved.

www.TheTransfectionExperts.com

Cell Density Titration
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Nucleic Acid Dosage

Nucleic Acid
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Electroporation Pulse Types

Pulse Conditions
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Striking the Efficiency-Toxicity Balance

Pulse Conditions

Exponential decay
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Striking the Efficiency-Toxicity Balance

Pulse Conditions

Square wave
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Experimental Goal ςSingle most decisive factor

Set-up
ωTransfection-or- Electroporation

ωDifferent Nucleic Acids

ωGene Over-expression

ωGene knockdown

ωCo-transfections???

Output
ωImaging

ωFlow cytometry

ωWestern Blots

ωReporter Assays

ωQPCR
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Pick the correct Transfection Reagent for your cell type?
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Speak the TransfectionExperts

www.TheTransfectionExperts.com

Request free samples of 
our unique low toxicity transfectionreagents at:

http://www.mirusbio.com/sample_request

For technical inquires, contact techsupport@mirusbio.com

http://www.thetransfectionexperts.com/
http://www.mirusbio.com/sample_request
mailto:techsupport@mirusbio.com

