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SCIENCE TO THE RESCUE?

Humans have altered the genomes of
species for thousands of years through
selective breeding, or artificial selectionas
contrasted with natural selection. More
recently, mutation breeding has used
exposure to chemicals or radiation
technique to produce a high frequency of
random mutations, for selective breeding
purposes. Genetic engineering as the
direct manipulation of DNA by humans
outside breeding and mutations has only
existed since the 1970s. In 1972, Paul Berg
created the first recombinant DNA
molecules by combining DNA from the
monkey virus SV40 with that of the lambda
virus. In 1973 Herbert Boyer and Stanley
Cohen created the first transgenic organism
by inserting antibiotic resistance genes into
the plasmid of an Escherichia coli
bacterium, and now genetic engineering is
used in the production of vaccines against
SARS-CoV-2 (COVID-19).

Genetic Engineering

Genetic engineering is a process that
alters the genetic structure of an organism
by either removing or introducing DNA.
Genetic engineering takes the gene
directly from one organism and delivers it
to the other. This is much faster, can be used
to insert any genes from any organism and
prevents other undesirable genes from also
being added.

The DNA can be introduced directly into
the host organism or into a cell that is then
fused or hybridized with the host. This
relies on recombinant nucleic acid (rDNA)
techniques to form new combinations of
heritable genetic material followed by the
incorporation of that material either
indirectly through a vector system or
directly through micro-injection, macro-
injection or micro-encapsulation.
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Synthetic biology is an emerging
discipline that takes genetic engineering a
step further by introducing artificially
synthesized material into an organism.Such
synthetic DNA as Artificially Expanded
Genetic Information System and Hachimoji
DNA is introduced in this new field.

Plants, animals or microorganisms that
have been changed through genetic
engineering are termed genetically
modified organisms or GMOs. If genetic
material from another species is added to
the host, the resulting organism is called
transgenic. If genetic material from the
same species or a species that can naturally
breed with the host is used, the resulting
organism is called cisgenic. If genetic
engineering is used to remove genetic
material from the target organism, the
resulting organism is termed a knockout
organism.

Genetic engineering could potentially
fix severe genetic disorders in humans by
replacing the defective gene with a
functioning one. Drugs, vaccines and other
products have been harvested from
organisms, engineered to produce
them.Crops have been developed that aid
food security by increasing vyield,
nutritional value and tolerance to
environmental stresses.

Creating the clone - General steps in rDNA
technology.

In biology a clone is a group of indivi-
dual cells or organisms descended from one
progenitor. This means that the members
of a clone are genetically iden-tical, because
cell replication produces identical daughter
cells each time.

N/

The steps in cloning are as follows. DNA
is extracted from the organism under study
and is cut into small fragments of a size
suitable for cloning. Most often this is
achieved by cleaving the DNA with a
restriction enzyme. Restriction enzymes
are extracted from several different
species and strains of bacteria, in which
they act as defense mechanisms against
viruses. They can be thought of as
"molecular scissors," cutting the DNA at
specific target sequences. So, if the donor
DNA and the vector DNA are both cut with
the same enzyme, there is a strong
possibility that the donor fragments and
the cut vector will join together because of
the complementary overhangs. The
resulting molecule is called recombinant
DNA. It is recombinant in the sense that it
is composed of DNA from two different
sources. Thus, it is a type of DNA that would
be impossible naturally and is an artifact
created by DNA technology.

The next step in the cloning process is
to cut the vector with the same restriction
enzyme used for cutting the donor DNA.
Cut vector DNA and donor DNA are mixed
in a test tube, and the complementary ends
of both types of DNA unite randomly. Of
course, several types of unions are possible:
donor fragment to donor fragment, vector
fragment to vector fragment, and, most
important, vector fragment to donor
fragment, which can be selected for. The
mixture should now contain a population
of vectors each containing a different donor
insert. This solution is mixed with live
bacterial cells that have been specially
treated to make their cells more permeable
to DNA. Recombinant molecules enter
living cells in a process called transfor-




mation. Usually, only a single recombinant
molecule will enter any individual bacterial
cell. Once inside, the recombinant DNA
molecule replicates like any other plasmid
DNA molecule, and many copies are
subsequently produced. Furthermore,
when the bacterial cell divides, all of the
daughter cells receive the recombinant
plasmid, which again replicates in each
daughter cell. The original mixture of
transformed bacterial cells is spread out on
the surface of a growth medium in a flat
dish (Petri dish) so that the cells are
separated from one another. Thus, the Petri
dish, which may contain many hundreds of
distinct colonies, represents a large number
of clones of different DNA fragments. This
collection of clones is called a DNA library.

Recent approaches for a vaccine against
COVID-19

e RNA and DNA vaccines, a cutting-edge
approach that wuses genetically
engineered RNA or DNA to generate a
protein that itself safely prompts an
immune response.

e Viral vector vaccines, which use a virus
that has been genetically engineered so
that it can't cause disease, but produces
coronavirus proteins to safely generate
an immune response.

e Protein-based vaccines, which use
harmless fragments of proteins or
protein shells that mimic the COVID-19
virus to safely generate an immune
response.

SARS-CoV-2 is an enveloped, single-
stranded, positive-sense RNA virus belon-
ging to the family Coronavidae and the
genus ?-coronavirus. The genome of SARS-
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CoV-2 encodes one large Spike protein (S)
that plays a pivotal role during the viral
attachment and entry into host cells. Like
any other coronaviruses, the S protein can
be cleaved into S1 and S2 subunits by host
proteases. The S1 subunit contains the
receptor-binding-domain (RBD) through
which the virus binds to its receptor
angiotensin-converting enzyme 2 (ACE2).
The S2 subunit contains the fusion peptide
and facilitates membrane fusion and viral
entry. The S protein has been frequently
considered as the major antigen target for
vaccines against human coronavirus such as
SARS-CoV, MERS-CoV, and also SARS-CoV-2
in recent studies, because it contains the
major epitopes targeted by neutralizing
antibodies. Neutralizing antibodies
targeting the RBD may block viral binding
to host cells, whereas those targeting the
S2 subunit may inhibit membrane fusion
and viral entry.

Using genetic engineering we can
generate a replication-incompetent
recombinant adenovirus serotype 5 that
carries a codon-optimized gene encoding
the full-length SARS-CoV-2 S protein (Ad5-
S-nb2). The antibody and cell-mediated
immune (CMI) responses elicited by Ad5-
S-nb2 via injection and non-injection routes
in mice and rhesus macaques can be
investigated and evaluate the protective
efficacy of the candidate vaccine in rhesus
macaques by an intratracheal challenge of
SARS-CoV-2.

If the scientists do succeed in this
urgent challenge, it will very likely be due
to modern genetics. Though "genetic
engineering" was once a taboo, it now
could literally save the world.
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