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Cell transfection-a short approach of DNA

mutagenesis

Abstract

The transfection method could be used for a variety of applications: large scale
production of proteins of biological interest, inserting genes into eukaryotic cells
to these acquires desired characteristics; analyze maintenance of genes and their
expression; and future application in vivo as vaccines DNA and gene therapy. In order
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Introduction

The transfection methods could be classified as transient or stable
transfection and transfection in vitro or in vivo. Transient transfection
is when DNA is introduced into the nucleus but is not incorporated into
the chromosome; or permanent when the DNA is incorporated into
the chromosome or maintained as an episome.! /n vitro Transfection
is the introduction of DNA into cultured cells. The cell culture is
conducted in culture flasks and their maintenance, conditions (pH,
nutrients, temperature) can be controlled by the manipulator. In the in
vivo transfection DNA is introduced into the body of the target cells
of higher living beings. Assay-based reporter technology, together
with the availability of transfection reagents, provides the foundation
to study mammalian promoter and enhancer sequences, transacting
proteins such as transcription factors, mRNA processing, protein
interactions, translation and recombination events.>* Transfection is a
method that neutralizes or obviates the issue of introducing negatively
charged molecules (e.g., phosphate backbones of DNA and RNA)
into cells with a negatively charged membrane. Physical methods like
microinjection or electroporation simply punch through the membrane
and introduce DNA directly into the cytoplasm.

Biological methods
Viral methods

While transfection has been used successful for gene transfer, the
use of viruses as vectors has been explored as an alternative method
to deliver foreign genes into cells and as a possible in vivo option.
Adenoviral vectors are useful for gene transfer due to several key
features:

i. They rapidly infect a wide scope of human cells and can achieve
high degrees of gene transfer compared to other available vectors

ii. Adenoviral vectors can accommodate relatively large segments of
DNA (up to 7.5 Kb) and transduce these transgenes in nonprolife-
rating cells

iii. Adenoviral vectors are relatively easy to manipulate using recom-
binant DNA techniques.** Other vectors of interest include adeno-
-associated virus, Herpes Simplex Virus (HSV), retroviruses and
lentiviruses, a subset of the retrovirus family.

Also, lentiviruses (e.g., HIV-1) are of particular interest because
they are well studied, can infect quiescent cells and can integrate into
the host cell genome to allow stable, long-term transgene expression.®
For adenoviral vectors, packaging capacity is low and production
is labor-intensive.” With retroviral vectors, there is the potential for
activation of latent disease and, if there are replication-competent
viruses present, activation of endogenous retroviruses and limited
transgene expression.*?

Retroviruses

Retroviruses are vectors that are characterized by continuous and
stable expression due to the integration of viral genome into the host
cell chromosome.®® The Moloney leukemia virus (MLV) has been
the most widely used in clinical tests. They consist of two genes (rep
and cap), but require additional genes to replicate and generally used
the adenovirus or herpes simplex virus.! However, these vectors
can package DNA sizes small (3-4.0 Kb).!! In addition, the HSV has
emerged as an attractive vector for gene therapy, especially diseases
related to the nervous system. Thus, chemical methods were initially
developed based on the use of positive charge carriers that interact
with DNA, neutralize its charge and forming a complex that enables
its passage through the membrane. Diethylaminoethyl DEAE-dextran
is a cationic polymer that tightly associates with negatively charged
nucleic acids. However, this technique is not generally useful for
stability or long-term transfection studies that rely upon the integration
of transferring DNA into the chromosome.'? Other synthetic cationic
polymers have been used to transfer DNA into cells, including
polybrene,'* polyethyleneimine and dendrimers.'>!
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DNA co-precipitation with calcium phosphate

Calcium phosphate co-precipitation became a popular transfection
technique following the systematic examination of this method in the
early 1970s.'%17 The authors examined the performance of several
cations and effects of their concentration on transfection. Calcium
phosphate co-precipitation is widely used because the components
are easily available, inexpensive and effective in many different types
of cultured cells. The calcium phosphate transfection is routinely used
for both transient and stable transfection of a variety of cell types.
In addition, calcium phosphate appears to provide protection against
intracellular and serum nucleases.'*!* Also, small pH changes (+0.1)
can compromise the efficacy of calcium phosphate transfection.?

Liposomes formed by cationic lipids: The term “liposome” refers to
lipid bi-layers that forms colloidal particles in an aqueous medium.??
Artificial liposomes were being used to deliver DNA into cells,”
the advances in liposomal vehicles were development of synthetic
cationic lipids by Felgner et al.** Liposome-mediated delivery offers
advantages such as relatively high efficiency of gene transfers, ability
to transfect certain cell types that are resistant to calcium phosphate
or DEAE-dextran, in vitro and in vivo applications, successful
delivery of DNA of all sizes of oligonucleotides at yeast artificial
chromosomes,° delivery RNA*? and protein.>* While DNA will
need to enter the nucleus, the cytoplasm is the site of action for
RNA, protein or antisense oligonucleotides delivered via liposomes.
Also the liposomes formed by anionic lipids, which are negatively
charged liposomes have a great fusion cell.?! They used a mixture of
phosphatidylcholine and phosphatidylglycerol, lipids that are present
in egg yolk, to prepare negatively charged liposomes.

Liposomes formed by cationic cholesterol derivatives: Cationic
Liposomes are composed of three distinct parts: cholesterol structure,
an end to an amino group and a binding region between the two
previous structures. This derivative was made by DC-col and presented
good transfection efficiency and cytotoxicity.?> Direct microinjection
into cultured cells or nuclei is an effective, although the laborious
technique to deliver nucleic acids into cells by means of a fine needle.
This method has been used to transfer DNA into embryonic stem
cells that are used to produce transgenic organisms and to introduce
antisense RNA into C. elegans. However, the apparatus is costly and
the technique extremely labor-intensive, thus it is not an appropriate
method for studies that require a large number of transfected cells.

Because, the apparatus is costly and the technique is extremely labor-
intensive, it is not an appropriate method for studies that require a
large number of transfected cells. This technique is often used for
cell types such as plant protoplasts, which are difficult to transfect by
other methods. The technique requires fine-tuning and optimization
of pulse duration and strength of each type of cell used. In addition,
electroporation often requires more cells than chemical methods
because of substantial cell death and extensive optimization often is
required to balance transfection efficiency and cell viability. More
modern instrumentation allows nucleic acid delivery to the nucleus
and successful transfer of DNA and RNA to primary and stem cells.
Episomal vectors are usually transported into cells via electroporation,
although many problems electroporation derivatives led to the search
for alternative transfection protocols, such as the use of transfection
reagents that are inexpensive and easy to handle.?2¢ Biolistic particle
delivery is relatively costly for many research applications, but the
technology also can be used for genetic vaccination and agricultural
applications. The transfection method that will be used will depend
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on the experiment to be performed, the study will be short or long
term and the reagent used, types of transfected molecules. Several
liposomal transfection reagents do not have wide application in
different cell types with low toxicity, which use the polycationic head
group attached to a lipid structure as a cover helping to deliver nucleic
acids into eukaryotic cells. But also in non-dividing cells, research
has shown that Lipofectamine improves the efficiency of transfection,
which suggests that it additionally helps the transfected genetic
material penetrate the intact nuclear envelope.

Current methods used for cell transfection

Several gene delivery systems have been developed to introduce
genes of interest into cells. Virus- mediated gene delivery systems are
often preferred because of its high transfection efficiency and simple
mechanism infection. Lipofectamine reagent contains lipid subunits
that can form liposomes in an aqueous environment, is a cationic
liposome formulation, which complexes with negatively charged
nucleic acid molecules, which allow them to overcome the electrostatic
repulsion of the cell membrane. The DNA-containing liposomes
(with a positive charge on their surfaces) can fuse with the negatively
charged plasma membrane of living cells, due to the neutral co-lipid
mediating fusion of the liposome with the cell membrane, allowing
nucleic acid to cross into the cytoplasm and contents to be available
to the cell for replication or expression. The liposome containing the
DNA binds the endosomal membrane due to the neutral co- lipid,
allowing the nucleic acid to pass through the cytoplasm and the DNA
content becomes available to the cell to express and replication of a
certain gene. In vitro gene assays typically use plasmids expressing
luciferase or green fluorescent protein (GFP) as reporter genes, which
are most often performed in either 6-or 96-well formats.”” Magnetic
nanoparticles of iron oxide combined with cationic polymers (PEI)
conjugated to a fluorophore label can be detected by fluorescence
microscopy are being used in transfection of genetic material (pDNA
and siRNA) to stem cells and their screening performed by resonance
magnetic.?®

Selective transfection with PEI
(polyethylenimine) modified - SSPEI

nanoparticles

Usually, the viral transfection agents are associated with toxicity,
limiting their clinical use as vectors. The SSPEI stability in the
extracellular environment and the reductive intracellular environment
are important compound to the efficacy of transfection process
mediated by SSPEI. Also, a new method to produce water-dispersible
cellulose carbon nanoparticles-CCN whose had been demonstrated a
high cell viability and good efficiency for gene transfection at low
concentration. Interestingly, the CCN was not selectively cytotoxicity
even at high doses and their transfection results are comparable to
commercial Effectene kit However, the polysorbitol mediated
transporter-PSMT carrier forms a cover having polysorbitol osmotic
property, then when the vehicle binds to the cells and the cells by
osmosis through the particles absorb proteins called caveolae.® The
transfection detection could be measured by the intensity of cell
transgene expression and quantifying the activity of luciferase by a
multi-plate luminometer. Transfection activity is expressed as relative
light units (RLU) per milligram of cell protein. Furthermore, the level
of transfection in cancer cells and normal cells change due to the
specific proteins that are over expressed in cancer cells by transfecting
agent which has higher affinity.

Another method mediated by Polyplex transfection is also
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used for effective delivery of episomal vectors in the cytoplasm of
primary culture of rat embryo fibroblasts. This method belong carrier
out the episomal vectors complexed with transfection reagents as
Lipofectamine reagents, for example. In these protocols, the ratio of
transfection reagent to the commercially available episomal vectors
was varied and the transfection efficiency and cytotoxicity of the
complexes were subsequently analyzed using flow cytometry and
trypan blue exclusion assay, respectively. Although new studies
are needed to improve the yield of transfection, using episomal
vectors (basis for gene therapy techniques) which avoid non-specific
integration of foreign genes in the chromosomes.?! Typically,
such assays utilize expression of genes for luciferase fluorescent
protein, GFP contained in the plasmid, with the time and dose rates
for transfection of DNA. HepG2 cells, CHO, NIH 3T3 cells were
transfected with PET and DNA.>? The results demonstrated a highly
optimized and efficient assay to screen large libraries for gene transfer
in vitro.

Nevertheless, selective transfection using an antibody, also based
non-viral vector belong to verify protein over expression or knockdown
of individual proteins in specific cell populations, especially neuronal
cells and investigate cell function in vivo. The knowledge about the
DNA transfection the first report of a non-viral vector to selectively
transfect tumor cells in the brain, suggesting that cancer cells
express different receptors of healthy cells can be a powerful vector
interference RNA delivery and other drugs of interest.*®

Conclusion

Reinforced the hypothesis of a few changes in the transfection
protocols and methods when comparing the old transfection with
current methods. Also, new molecules and molecular structures,
molecules were developed from conventional structures. Furthermore,
new transfection techniques still need to be improved to increase
performance in delivering genes as potential therapies for various
diseases aiming the gene therapy.
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