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Notebook

Control Unit

Components of Nucleofector™ Technology 

A Unique Combination: 

 Nucleofector™ Device

 Specific Nucleofector™ Kits 

 Detailed optimized protocols

 Enabling excellent transfection 

performance combined with high 

functionality!

Higher quality standards for 

upstream GMP manufacturing

 GMP solution kits

 21 CFR part 11 compliant 4D-

Nucleofector™ LogWare
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Physiologically Relevant Cells 

Efficiently Transfected by Nucleofection™

Research Area Disease Relevant Cells

Cancers Breast

Prostate

Mammary epithelial cells

Prostate epithelial cells

Neurology Alzheimer’s

Parkinson’s

Cortical neurons

Dorsal root ganglia

Immunology HIV

Inflammation

Arthritis

Human T cells

Immune system cells

Chondrocytes

Metabolic Disorders Diabetes

Obesity

INS-1, MIN-6

Adipocytes, 3T3-L1

Cardiology Heart Disease

Stroke

Cardiomyocytes

HUVEC, HMVEC, SMC

iPS Generation

hESC and iPS Transfection

Disease

pathogenesis

Human fibroblasts, CD34+ cells, 

monocytes 

hESC, hiPSC
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Using Nucleofection in Pushing Your 

Research to the Next Level

 New trends in biomedical research are using primary cells in research. 

These cells respond more appropriately to stimuli; express relevant 

pathways, and results are more likely to translate into in vivo models, 

creating better, more accurate model systems for cell-based assays

 Nucleofection excels in the transfection of primary cells, making it an 

enabling technology that can potentiate these new trends.

 Nucleofection is an excellent choice for iPSC generation, as well as   

for genome editing technologies (i.e. ZFNs, TALENs, and CRISPRs)

 Used in combination, Nucleofection and these technologies can:

 Generate patient-derived iPSCs for use as model systems

 Generate iPSCs that can then be genetically modified for use in 

cell-based assays

 Relevant cell line models can be genetically modified for cell-

based assays and to test and compare similar model systems
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Why Nucleofection®?

 High efficiency transfection of primary cells and physiologically-

relevant cell lines

 Use model systems and cells that previously were unavailable due to 

limitations of technology- No Need to Compromise!

 Higher quality of data, higher quality of hits

 Ideal for ZFN, TALEN, and CRISPR delivery

 Substrate Versatility: Use the same protocol for all substrates

 Efficient Transfection of plasmid DNAs (i.e. cDNAs), siRNAs, DNA 

oligos, mRNAs, and even peptides and proteins

 Flexibility of scale 

 Use the same technology and protocol across all Nucleofection 

platforms, from single cuvette to 96-well to 384-well transfections

 Innovation in Transfection

 High Throughput 384-Well Transfection in Relevant Cell Types

 Adherent transfection in 24-well capacity for Neurons and other cells
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Lonza’s Break-Through Nucleofector®

technology

Gene of interest

Cell of interest

+ –

›› ›

Gene transfer directly 

into the nucleus

Stabilization of the pores generated 

in the cell and nuclear membranes 

during Nucleofection allows 

substrates to diffuse into the cell

››

Cell type-
specific 

Solutions

Nuanced 
Nucleofection 

Pulses
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Focused 

libraries

Selected hits Top hits
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4D-

Nucleofector®

96-well Shuttle®

System

384-well HT 

Nucleofector®

Assay 
development
Generating 

reporter cells

Assay 

development 

Screening

Assay development

Screening

Validation

Validation

Unification of the Nucleofection® Platform:   

Choose Your Scale!
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Minimal Development, Maximum 

Reproducibility: Same Solutions, Programs, 

and Results across All Three Platforms

Bench R&D

Basic Research

Assay Development

Screening

1
o

& 2
o

Screens

Library Screening

Hit Validation

Assay Analysis

Rescue Experiments

4D, Shuttle

Smaller Scale

Medium Throughput

Shuttle, HTN

Large Scale

High Throughput

Generation of Hits

4D, Shuttle

Small Scale

Medium Throughput

Analysis of Hits

Same: Technology

Program Setting

Reagents and Liquid Volume

Cells and Cell Number

Experimental Process

Use the 4D and Shuttle for Assay 

Development and feed directly 

into the HT Nucleofector with 

Minimal Development Work
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 The 4D Nucleofector® can transfect both cuvettes and strips; permits the 

transfection of various cell numbers with same conditions: same solutions 

and programs (and same results) in either the cuvettes or strips

 Is particularly useful for hESC or iPSC work: the use of lower cell numbers in 

the strip allows for cost-effective optimization or research, while allowing 

easy scale-up with the cuvette for larger cell numbers

4D-Nucleofector® System

Core Unit

X-Unit
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Generation of Normal and Patient-Derived 

iPS Cells from Mononuclear Blood Cells

 Used Nucleofection to reprogram human bone marrow or cord blood 

mononuclear cells using non-integrating oriP/EBNA1-based episomal vectors

 The resulting iPSCs were free of transgene or vector sequences

 The cells lacked rearrangements of IGH and TCR, indicating that the cellular 

origins were from non-B- or non-T-lymphoid cells

 Reprogramming was up to 100X more efficient, and occurred 1-3 weeks faster 

compared to reprogramming of fibroblasts

 When cocultured on OP9, blood-derived iPSCs could be differentiated back to the 

blood cells, however, with lower efficiency compared to fibroblast-derived iPSCs.  

 Also generated transgene-free iPSCs from the BM of a patient with chronic 

myeloid leukemia (CML). CML iPSCs showed a unique complex chromosomal 

translocation (Bcr-Abl) identified in marrow sample while displaying typical 

embryonic stem cell phenotype and pluripotent differentiation potential 

Efficient generation of transgene-free induced pluripotent 
stem cells from normal and neoplastic bone marrow and 
cord blood mononuclear cells

Yu, J and Hu, K; etal. Blood April 7, 2011, vol 117 no 14, e109-e119
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Gene Editing Technologies:

ZFNs, TALENs, and CRISPR/Cas9

 Sequence-specific DNA binding domain 

(ZFN or TALE protein or CRISPR-

gRNA): 

 Can be customized to recognize virtually 

any sequence

NucleaseEngineered DNA targeting molecule

Fusion protein!!ZFN

TALEN

CRISPR

Fok1Zinc finger

Fok1TALEN

Cas9Guide RNA (gRNA, “CRISPR”)

Fusion protein!!

No Fusion protein!!

 A non-specific DNA cleavage module 
(nuclease):
 Induces double-strand breaks in the 

genomic DNA which stimulates the DNA 
repair process

ZFN = Zinc Finger Nuclease
TALEN = Transcriptional Activator-Like Effector Nuclease 
CRISPR = Clustered Regularly Interspaced Palindromic Repeats
Cas = CRISPR associated

Nucleofection is the recommended 
delivery technology for ZFNs and 
TALENS, and the leading CRISPR 
researchers all use Nucleofection too
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Genome Editing Applications: 

Creation of Unique Model Systems

 Custom generation of stable cell lines, e.g. for drug screening, pathway 

analysis etc.

 This should be even more efficient that the conventional generation of stable 

clones in cell lines (Random integration/selection)

 Stable modification of primary cells for in vitro disease modeling and for 

use in Cell-Based Assays

 Modification of normal iPSCs, patient-derived iPSCs, or cell lines, for 

modeling disease pathogenesis and subsequent differentiation of modified 

iPSCs into cell types useful for comparison studies or cell-based assays

 Stable modification of cells (e.g. iPSCs) for clinical applications 

 Autologous replacement/transplantation of diseased cells by healthy ones, 

i.e. repair or replacement of defective genes in patient-derived iPSCs

 Generation of antigen-specific T cells (CAR T Cell Therapy)

 Cutting-edge technology that can improve “Speed to Patient”
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Genome Editing Process

Double-strand Break

NHEJ = Non-homologous end joining
Targeted mutagenesis/deletion

DSB = Double strand break

Plus donor DNA

HDR = Homology directed repair
Targeted insertion/replacement

Breaks induce 
DNA repair and 

increase 
mutagenesis 

frequencies by 
>1000 fold
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Genome Editing 

Requires Co-Transfection

ZFN or TALEN CRIPSR/Cas

Cas9 + gRNA

Cas9 gRNA

Cas9 gRNA PCR cassette

Fok1–ZFN fusion
or

Fok1-TALE fusion

2x

Repair plasmid or ssODN 
(optional)

or

Fok1–ZFN fusion mRNA
or

Fok1-TALE fusion mRNA

2x

Repair plasmid or ssODN 
(optional)

or

Repair plasmid or ssODN 
(optional)

or

Repair plasmid or ssODN 
(optional)

or

Repair plasmid or ssODN 
(optional)

or

Nucleofection is superb at co-transfection

Cas9 mRNA and protein have 
been transfected too!!
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Cas9 Protein vs. mRNA vs. DNA

 The big advantages of using Cas9 mRNA or Cas9 protein is that they are 

labile, and do not persist in the cell, thereby limiting the activity of the 

Cas9 nuclease in a temporal fashion

 The longer the nuclease is active, as it is during DNA transfection, the 

more opportunity there is for off-target effects

 Nucleofection of mRNAs is typically is in the 80-90% TE range, so with 

mRNA, the vast majority of the cells will be transfected with Cas9 mRNA. 

 The gRNAs will transfect with 99% TE, so this combination will insure 

that most of your cells will be able to be modified.

 The kinetics for Cas9 protein activity are different from transfection of the 

other substrates, as the Cas9 protein is active immediately upon entry 

into the cell

 gRNAs are typically complexed with the Cas9 protein prior to 

transfection
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What does this mean for Your Research?

 Using Lonza’s Primary Cells, you will be able to use the most relevant 

cells for your work, 

 Cells that respond more appropriately to stimuli, as they express all 

the relevant pathways with results that are more likely to translate 

into in vivo models

 Using Nucleofection in the generation of custom cell lines or iPSC-

derived model systems for use in cell based assays

 Generation of normal or patient-derived iPSCs that can then be 

genetically modified for use in cell-based assays or model systems

 Relevant cell line models can be genetically modified to test and 

compare similar model systems

 Nucleofection excels at the delivery of DNA and other substrates into 

primary cells and cell lines, and is an ideal companion technology for 

genomic-editing strategies like ZFN, TALEN, and CRISPR



Thank you for your attention

Vielen Dank für Ihre Aufmerksamkeit

www.lonza.com


