UNIT12

APPLICATIONS IN
MEDICINE

Structure

12.1 Introduction Recombinant Human Insulin
Expected Learning Outcomes Human Growth Factors

12.2 Applications in Medicine Blood Clotting Factors
Identification of Genes Recombinant Vaccines
Responsible for Human
Diseases 12.4 DNA Finger Printing
Gene Therapy Role of rDNA in Diagnostic and

Forensic Laboratory

Germline Gene Therapy
12.5 Summary

Somatic Cell Gene Therapy
12.6 Terminal Questions

12.3 Production of Recombinant
Pharmaceuticals 12.7 Answers

12.1 INTRODUCTION

In the previous chapter, you have studied the concepts of mutagenesis, its
importance and specifically site-directed mutagenesis. How a mutation can
induce to bring about changes in a single nucleotide or a stretch of DNA? Do
these changes help in obtaining a modified form of DNA which has wide range
of applications in different fields of science? No doubt that the field of
biotechnology has carried out maximum research and progress has been fast.
The major achievements were in the field of medicine for the prevention,
diagnosis and cure of diseases. Large varieties of pharmaceutical products,
vaccines, medical and diagnostic products are currently available in the
market. One needs to understand the basics of recombinant DNA construction
which are formed by joining the foreign DNA and vector DNA. Such DNA is
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also termed as chimeric DNA. As the original sequence of vector DNA is
altered this hybrid DNA is referred to as recombinant DNA and the technology
is called recombinant DNA technology. The r-DNAs need to be maintained in
a suitable host cell called as transformants or recombinants. The recombinant
DNA technology has opened up numerous opportunities for scientists and
researchers.

Expected Learning Outcomes
After studying this unit, you should be able to:
+«» outline the applications of rDNA in medicine;
« explain gene therapy;

+» describe the production of recombinant pharmaceuticals like insulin,
growth hormone;

+ explain recombinant vaccines; and

+ describe the role of rDNA in diagnostics and forensics.

12.2 APPLICATIONS IN MEDICINE

Have you ever wondered while reading the newspaper about genetically
engineered “biotech tomatoes” that have a greater shelf life and movies like
Jurassic park with cloned dinosaurs. This technology has a greater impact on
our lives and significant awareness has been created about this field. In the
late 1970s recombinant DNA technology emerged as a powerful tool with the
advancements in molecular biotechnology. In a broad sense, recombinant
DNA technology, gene cloning, and genetic engineering are synonyms. The
main objective is to create useful products employing modern biotechnology.
Intense research has been carried out in the laboratory using conventional
procedures. They permit precise alteration, construction, recombination,
deletion and translocation of genes that may give the recipient cells a
desirable phenotype. Moreover, rDNA techniques allow genetic material to be
transferred into, and expressed in, another organism which may be quite
unrelated to the source of the transferred DNA. Eventually, techniques like
PCR, gene synthesis using chemical methods, sequencing and analysis have
led to the expansion of molecular biotechnology (Fig. 12.1).

The field of medicine has benefitted greatly from the revolution of recombinant
DNA technology to identify inherited diseases and disorders. Gene cloning
plays an important role in the isolation and identification of diseased genes. A
large number of vaccines for immunization against infectious diseases
employing drugs, monoclonal antibodies and human growth hormones are in
use. For many years animals are used as models to understand the molecular
basis of disease. Using gene manipulation specific disease models were
created. Recombinant DNA technology plays an important role in the
production recombinant pharmaceuticals such as insulin, human growth
hormone, Factor VIIl, Recombinant vaccines, and Gene therapy.
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Fig. 12.1: The different ways that recombinant DNA technology has been
exploited.

It is a process which involves the excision of a sequence of DNA and its
insertion into another organism. It reveals how genes are inherited and
expressed. Let us look into each one in little detail.

12.2.1 ldentification of Genes Responsible for Human
Diseases

Identifying genes responsible for human diseases is a complex but crucial
process in medical genetics and genomics. Understanding the genetic basis of
diseases helps in diagnosing, preventing, and treating various conditions.
Diseases in general may be recessive or dominant. They may be autosomal
recessive like in haemophilia or autosomal dominant, example Huntington’s
chorea. Identification of gene responsible for a disease serves as a
prerequisite for gene therapy. It involves a combination of genetic mapping,
sequencing technologies, computational analysis, and functional experiments
to determine the underlying genetic causes of disease.

A variety of approaches are involved in identification of diseased gene. To
name a few:

o Pedigree analysis
e Linkage analysis
e Mutations

e Knock-out / Knock-down mice

12.2.2 Gene Therapy

Gene therapy is a medical technique that aims to treat or prevent diseases by
modifying the genetic material within a person's cells. It involves introducing,
removing, or altering genes within a patient’s cells to correct genetic disorders,
fight diseases, or improve the body's ability to combat disease. Gene therapy
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can target both inherited genetic disorders and acquired diseases such as
cancer. This all has become possible due yo the progress in recombinant DNA
technology. It has made it possible to cure diseases by the method of gene
transfer; wherein a defective gene is replaced by a foreign gene. Different
types of gene therapy are known.

Before the complete genome map was developed there existed only physical
maps for 2% of the human genome.The DNA was cut into pieces and clones
were developed. The overlapping sections were used as guides to construct
the complete genome. This has helped scientists to uncover the reasons for
genetic diseases. A few of these diseases include Phenylketonuria genes, the
Urokinase gene, Thalassaemia genes, and Haemophilia genes.

In the case of Phenylketonuria, phenylalanine fails to get converted to
tyrosine. This can be cured in early periods of pregnancy or else it leads to
mentally retarded children. Further, in Thalassaemia, the alpha and beta
globulin chain production is reduced and leads to haemolytic anaemia.
Furthermore, diseases like haemophila are caused due to blood clotting Factor
VIII deficiency. In this, all the males carrying the X chromosome are in
diseased state. Whereas in case of females as only one of the X chromosome
is defective the females are healthy but are carriers of the defective gene.

In autosomal dominant diseases like Huntington’s chorea a single defective
gene is enough to cause the disease. The appearance of these diseases may
be early or late in lifetime. Some of the commonest genetic diseases are given

in the table below.

Table 12.1: Some of the commonest genetic diseases in the world.

Disease

Cause

Description

Cystic Fibrosis
(CF)

Mutation in the CFTR
gene (Cystic Fibrosis
Transmembrane
Conductance
Regulator).

A disorder that affects the
lungs, digestive system, and
other organs, causing thick
mucus buildup, breathing
difficulties, and frequent
infections.

Sickle Cell Anemia

Mutation in the HBB
gene that produces
hemoglobin.

Red blood cells become sickle-
shaped, leading to blockages
in blood flow, chronic pain,
anemia, and potential organ
damage.

Down Syndrome
(Trisomy 21)

An extra copy of
chromosome 21.

A chromosomal disorder that
causes developmental delays,
intellectual disabilities, and
distinctive physical features.

Huntington's
Disease

Mutation in the HTT
gene, leading to
abnormal repetition of
the CAG sequence.

A progressive
neurodegenerative disorder
that causes movement
problems, cognitive decline,
and psychiatric symptoms.
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Hemophilia

Mutations in genes
responsible for blood
clotting, particularly F8
(Hemophilia A) or F9
(Hemophilia B).

A blood disorder where blood
doesn't clot properly, leading to
excessive bleeding from minor
injuries.

Tay-Sachs Disease

Mutation in the HEXA
gene, leading to a
deficiency of the
enzyme
hexosaminidase A.

A fatal disorder that causes
progressive damage to nerve
cells in the brain and spinal
cord, leading to severe
developmental delays and
early death in childhood.

Duchenne
Muscular
Dystrophy (DMD)

Mutation in the DMD

gene, which encodes
dystrophin, a protein

important for muscle

function.

A progressive muscle
degeneration disorder,
primarily affecting boys,
causing muscle weakness and
loss of motor function.

Fragile X
Syndrome

Mutation in the FMR1
gene, causing an
abnormal expansion of
the CGG trinucleotide
repeat.

The most common inherited
form of intellectual disability,
often leading to learning
difficulties, developmental
delays, and behavioral issues.

Thalassemia

Mutations in genes
involved in hemoglobin
production, often HBB.

A blood disorder characterized
by less hemoglobin and fewer
red blood cells, leading to
anemia and fatigue.

Phenylketonuria
(PKU)

Mutation in the PAH
gene, leading to a
deficiency in the
enzyme phenylalanine
hydroxylase.

A metabolic disorder where the
body cannot break down the
amino acid phenylalanine,
leading to intellectual disability
if untreated.

Marfan Syndrome

Mutation in the FBN1
gene, affecting the
connective tissue.

A disorder that affects the
connective tissue, leading to
problems with the heart, eyes,
blood vessels, and skeleton.
People with Marfan syndrome
are often tall with long limbs.

Albinism

Mutations in genes
affecting melanin
production, such as
TYR.

A group of genetic conditions
causing a lack of pigment in
the skin, hair, and eyes,
leading to vision problems and
increased sensitivity to
sunlight.
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Neurofibromatosis
Type 1 (NF1)

Mutation in the NF1
gene, which normally
helps regulate cell
growth.

A disorder that causes tumors
to form on nerve tissue,
leading to skin abnormalities,
bone deformities, and learning
disabilities.

Color Blindness

Mutations in the
OPN1LW or OPN1MW
genes affecting the
photopigments in the
eye's cone cells.

Difficulty in distinguishing
between certain colors,
commonly red and green, due
to abnormalities in color-
detecting pigments in the
retina.

Turner Syndrome

Complete or partial
absence of one X
chromosome in females
(45,X karyotype).

A chromosomal disorder
affecting females, leading to
short stature, infertility, heart
defects, and other
developmental issues.

These are just a few examples, and many more genetic diseases exist. Some
conditions are caused by mutations in a single gene (monogenic disorders),
while others are more complex and involve multiple genes and environmental
factors.

Today, the meaning of gene therapy has now been made much broader to
include attempts to cure any disease by the introduction of a cloned gene into
the patient. The candidate disorders for gene therapy are selected on the
basis of the following criteria:

i. The disease should be life threatening,
i. The gene responsible for the disease should have been cloned,
iii. A precise regulation of the gene should not e required, and

iv. A suitable delivery system should be available.
Gene therapy may be classified into following two types:

12.2.3 Germline Gene Therapy

Diseases can be treated by introducing a remedial gene into sperm, eggs or
zygote by liposome fusion or microinjection. Example, Drosophila with a
defective XD gene has been repaired by microinjecting xanthine
dehydrogenase gene into eggs. Normal flies developed from eggs.

For a neuromuscular disease in mice due to mutation in 427 gene, when a
remedial gene was microinjected into the mice zygote suffering from disease,
it resulted in preventingthe disease (Fig. 12.3).
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Fig. 12.3: Steps involved in germline gene therapy.

12.2.4 Somatic Cell Gene Therapy

If the gene is introduced into the somatic cells it is called somatic cell gene
therapy. It is mainly of four types:

> In vivo therapy

> Ex vivo therapy

> Embryo therapy

»  Ant-isense therapy

In vivo therapy: Introduction of remedial gene construct into the proper organ
of a patient to correct the genetic defect is called in-vivo gene therapy.
Alzheimer's disease, brain tumour, and muscular dystrophy are treated in this
way. The gene delivery systems are Herpes simplex virus and Adenovirus.

Steps involved in the in vivo gene therapy include:
1. DNA is isolated from Adenovirus to construct a recombinant virus.

2. A segment of DNA having E1A, E1B and E3 genes is deleted from the viral
DNA.

3. The dystrophin gene is inserted at the deleted site of the vector DNA to
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construct a r-DNA.
The r-DNA is transfected into a mouse cell line using calcium phosphate.

The mouse cell line is infected with a help of an adenovirus that can
produce virus coat protein but fails to multiply.

The r-DNA gets packed into a protein coat to form infective virus particles.

A sample of recombinant virus particles isinjected into the muscle of mice
with the defective dystrophin gene.

If muscular dystrophy in mice is cured, the viral particles are injected into
the human muscle cell to cure muscular dystrophy.

The disease is cured by the muscle cells that intake the r-DNA and start to
reduce dystrophin.

Ex vivo gene therapy: This is also known as tissue grafting or transplantation

(Fig. 12.4). Example: Bone marrow, Liver, Kidney transplantation.

Stages in bone marrow transplantation include:

1.
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The proviral DNA formed by the fusion of the mouse cell line and MuLV is
digested with the restriction enzymes and the required gene is inserted into
the vector DNA to form the recombinant DNA.

The recombinant DNA is transfected into the mouse cell line to form
transformed mouse cells.

Upon infection with the helper MuLV viral coat proteins and DNA helper
virus assemble to form recombinant MuLV.

Bone marrow maceration results in single cells which result in r--DNA that
isselected on a medium with neomycin.

These recombinant T-cells are transplanted into the bone marrow.
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Fig. 12.4: Ex vivo (Somatic cell) gene therapy.
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Embryo therapy: By introducing a remedial gene into cells of 2-10 days old
embryo it is called fetal gene therapy and embryo therapy (Fig. 12.5).
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Fig. 12.5: Embryo therapy.

Antisense Gene Therapy: Treatment of genetic diseases by introducing a
remedial gene that prevents the expression of the specific defective gene is
termed antisense gene therapy.

The defective gene in patients produces m-RNA by transcription. The m-RNA
translates a defective protein which results in a disease. A RNA-DNA hybrid is
formed by the oligonucleotide complementary to the m-RNA. This blocks the
translation process and defective protein is not produced. The oligonucleotide
blocking the m-RNA is called antisense DNA. Alternatively, a duplex DNA
similar to the defective gene is introduced into the cell which transcribes m-
RNA that binds with the m-RNA produced from the defective gene to form
antisense RNA (Fig. 12.6).
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Fig. 12.6: Antisense gene therapy.
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SAQ1
a) Whatis the primary goal of gene therapy?
i) To create genetically modified organisms
i) To introduce new traits into plants and animals
iii)  To correct defective genes responsible for disease development
iv)  To enhance muscle strength in athletes

b)  Which of the following vectors is commonly used to deliver genes in
gene therapy?

i) Plasmids
ii) Liposomes
i) Viruses

iv)  Bacteria

c¢)  Which type of gene therapy alters the genes in germline cells, such as
sperm or eggs?

i) Somatic gene therapy
ii) Germline gene therapy
iii)  Exvivo gene therapy
iv)  Invivo gene therapy
d) Whatis the difference between in vivo and ex vivo gene therapy?

i) In vivo gene therapy involves treating cells outside the body, while
ex vivo gene therapy treats cells inside the body.

ii) In vivo gene therapy involves treating cells inside the body, while
ex vivo gene therapy treats cells outside the body.

i)  Invivo gene therapy treats animals, while ex vivo gene therapy
treats humans.

iv)  Invivo gene therapy involves injecting proteins, while ex vivo
involves injecting RNA.

e)  Which technique is commonly used to insert the corrected gene into the
target cells in gene therapy?

i) CRISPR
1)) RNA splicing
i)  Polymerase Chain Reaction (PCR)

iv)  Southern Blotting
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f) What is a major ethical concern associated with germline gene therapy?
i) It could create genetically identical humans (clones)

i) It could cause genetic changes that are passed to future
generations

iii) It could be used to treat infectious diseases
iv)  Itis less effective than somatic gene therapy

Answer: ii) It could cause genetic changes that are passed to future
generations

12.3 PRODUCTION OF RECOMBINANT
PHARMACEUTICALS

The production of recombinant pharmaceuticals involves the use of genetic
engineering techniques to produce therapeutic proteins, hormones, enzymes,
and antibodies for medical use. Recombinant DNA technology allows
scientists to insert human or animal genes into host cells (such as bacteria,
yeast, or mammalian cells), enabling these cells to produce large quantities of
the desired protein.

The tools and techniques used for gene therapy are similar to those of gene
transfer to any animal cells. Recombinant pharmaceuticals are produced by
inserting human or other target genes into microorganisms, such as bacteria
or yeast, or into mammalian cell lines. These host cells then express the

desired protein, which is harvested, purified, and formulated for medical use.

Common examples of recombinant pharmaceuticals include recombinant
insulin, human growth hormone, erythropoietin, monoclonal antibodies, and
vaccines. One of the first recombinant pharmaceuticals, recombinant human
insulin, is used to treat diabetes. It is produced by inserting the human insulin
gene into E. coli or yeast cells. Monoclonal antibodies are used in cancer
therapy, autoimmune diseases, and infectious diseases. They are produced in
mammalian cells such as CHO cells. Erythropoietin (EPO) is used to treat
anemia, especially in patients with chronic kidney disease or cancer,
recombinant EPO stimulates the production of red blood cells. Human
Growth Hormone (hGH) is recombinant hGH used to treat growth hormone
deficiency in children and adults. Let us look at some of them in detail.

12.3.1 Recombinant Human Insulin

Recombinant human insulin is a synthetic form of insulin produced by inserting
the human insulin gene into bacterial or yeast cells, which then produce insulin
identical to that produced by the human pancreas. This process allows for
large-scale production of insulin, which is essential for managing diabetes.
Recombinant human insulin is primarily used to manage diabetes mellitus, a
condition where the body either doesn't produce enough insulin (Type 1
diabetes) or doesn't use insulin effectively (Type 2 diabetes). The benefits and

applications include:
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1. Blood Sugar Control: Insulin helps to regulate blood glucose levels,
preventing hyperglycemia (high blood sugar) and hypoglycemia (low
blood sugar), which can have severe complications if not managed
properly.

2.  Treatment for Type 1 Diabetes: Since individuals with Type 1 diabetes
cannot produce insulin naturally, recombinant human insulin is a life-
saving therapy that replaces the missing hormone.

3. Management of Type 2 Diabetes: In some cases of Type 2 diabetes,
where other medications are insufficient, insulin therapy can be essential
for controlling blood glucose levels.

4. Treatment of Gestational Diabetes: Recombinant human insulin is
sometimes used to manage gestational diabetes in pregnant women
when lifestyle modifications and other treatments aren't sufficient.

5.  Flexibility in Insulin Therapy: Recombinant human insulin can be
modified to create various types of insulin with different onset times and
durations of action, allowing for tailored insulin regimens that suit
individual needs.

The development of recombinant human insulin has significantly improved the

quality of life for millions of people with diabetes, providing a reliable, safe, and

effective treatment option that has largely replaced insulin derived from animal
sources. Insulin hormone is produced by beta cells of islets of langerhans of

pancreas which catabolise glucose in blood. It consists of 2 polypeptide chains
which are 21 aminio acids long and 30 amino acids long (Fig. 12.7). Proinsulin

is a precursor of 109 amino acids that contains 2 polypeptide chains A and B

connected with a third polypeptide chain. The peptide hormone genes of the

specialized cells encode for a 35 aminoacid long chain. Pre-proinsulin can be
used for regulation of glucose in diabetic patients.
The insulin molecule
30 amino acids
_ B Chain
] A chain
21 amino acids
Fig. 12.7: Insulin structure.

To develop recombinant insulin, steps include broadly:

1. To identify and isolate the gene responsible for insulin production in
humans.

2. The isolated insulin gene is inserted into a plasmid, a small circular
piece of DNA commonly used in genetic engineering. This recombinant
plasmid is then introduced into a host cell, typically E. coli bacteria or
yeast cells like Saccharomyces cerevisiae.

3. The host cells are cultured in large bioreactors where they replicate,

244 expressing the insulin protein as they grow.
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4.

The insulin protein is extracted from the host cells and purified to remove
any impurities or other proteins.

Insulin is a protein with two chains (A and B) that need to be folded and
linked correctly. The chains are synthesized separately, then combined
and modified to form the active insulin molecule.

The purified insulin is formulated into various forms, such as short-
acting, intermediate-acting, and long-acting insulin. It is then packaged
for medical use.

In order to produce human insulin production by genetic engineering,
experiments were conducted on rats to synthesize the cDNA of the proinsulin
by isolating MRNA and inserting it into the plasmid vector (Fig. 12.8). Itakura
et. al in 1977 synthesized A and B chains of insulin by using pBR322 plasmid
containing beta-galactosidase beside it.

(a) The artificial genes
lacZ

lac promotor Agene B gene
Vector carrying the Vector carrying the
artificial A gene artificial B gene

(b) Synthesis of insulin protein

g Transformed E. coli
synthesize A and B
fusion proteins

B
b-galactosidase l l

segment A Chain B Chain
met
Cyanogen
bromide
~ _________ Cleaved fusion
Proteins

Purify A and B chains, attach
by disulphide bridges

=l E| =

Fig. 12.8: Steps involved in insulin production.

The recombinant plasmids could separately produce the fused beta-
galactosidase A and B chains in the E. coli cells with plasmid vectors. Both the
chains that were produced in different cells were made free of the beta-
galactosidase enzyme and pure form in an amount of 10 mg / 24 mg of
healthy and transformed cells was obtained. The addition of an extra
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methionine codon at the N- terminus of A and B chain genes was performed
for detaching the A and B chains respectively. After detachment of beta-
galactosidase linked A and B chain in the cells, the two chains were joined
invitro to reconstitute the native form of insulin. This was brought about by the
process of sulphonation using sodium disulphonate and sodium sulfite.

Hybrid forms of insulin protein were developed in due course such as
penicillinase and proinsulin fused forms by inserting the proinsulin gene in the
middle of the pencillinase gene coding site present in the pBR322 plasmid.
The fused form of proinsulin was separated by using trypsin. The first
therapeutic product of human insulin was produced by Eli Lily and co-workers
in 1980. Each bacterial cell of E.coli is capable of producing nearly 1 million
molecules of insulin. A genetically engineered form of insulin is quite effective
and has no side effects. It is available commercially since 1982 for the benefit
of mankind.

12.3.2 Human Growth Factors

For the cell to get stimulated or inhibited small protein molecules called growth
factors are required and these can be genetically engineered. Growth factors
are proteins that regulate cell growth, proliferation, differentiation, and survival.
Growth factors are essential in various biological processes, including wound
healing, tissue regeneration, and immune system function. By leveraging
recombinant DNA technology, scientists can produce large quantities of these
proteins in a controlled and efficient manner, making them widely available for
therapeutic applications.

Some of these factors include the Growth Hormone-releasing Factor (GHF). It
is used in the treatment of children with growth retardation called pituitary
dwarfism. The human growth hormones, somatotrophin and somatostatin act
in conjugation in regulating the growth of the human body. Somatostatin is a
short chain of polypeptide with 14 amino acid lengths and was chemically
synthesized and expressed as a fusion protein by genetic engineering with a
beta-galactosidase sequence site. For synthesizing complete gene short DNA
stretches of double stranded oligonucleotides with protruding 5 OH ends were
phosphorylated and ligated.

Somatotropin: The hGH (Human growth hormone) is secreted by the
anterior lobe of pituitary gland. It is further regulated by two different hormones
(Somatostatin and Growth hormone-releasing hormone) which are produced
by the hypothalamus. There are about 191 amino acid units in length. Turners
syndrome is one of the most common chromosomal disorders in girls during
childbirth, characterized by short stature and nonfunctioning ovaries. By the
process of gene cloning biosynthesis of somatostatin can be produced.
Production of ds DNA from m-RNA precursor of hGH gene was incorporated
into the bacterial cells which have shown non-expressed form. A synthetic
form of the hGH coding sequence was allowed to transform into E. coli cells.
The lac operon acts as an inducer for the production of hGH. The purified form
is commercially produced (Fig. 12.9).
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Fig. 12.9: Production of a human growth hormone (hGH).

Somatostatin: This is a hormone produced by the hypothalamus. It is a 14
residue polypeptide that is produced as a fusion protein. This has inhibited the
secretion of insulin and glucagon. A ds DNA was formed by annealing eight
sis DNA fragments that were chemically synthesized. Two nonsense codons
preceded by a methionine codon are found in the gene sequence.

ATG-42 base pairs encoding somatostatin -TGA TAG gene seqguence were
constructed in the two plasmids pSOM | and pSOM Ill. A fusion protein-
producing plasmid was constructed which had both lac promoter and beta-
galactosidase encoding lacZ regions. The transformed plasmid has an NH2
terminal segment of beta-galactosidase coupled withmethionine to the
somatostain. The fusion protein is prevented from degradation by beta-
galactosidase moiety. Further, the fusion protein is purified using cyanogen
bromide that cleaves at the carboxyl side of the methionine releasing the
protein. Nevertheless, now it has been made possible to inhibit the
degradation of foreign protein in E. coli using protease inhibition gene (PIN) of
T4 Phage (Fig. 12.10).

247



Block 4 Applications of Recombinant DNA Technology

Synthetic gene
ATG _TGATAG

TAC ACTATC

¥
Met T4 DNA Ligase

+pSom |

ST E. coli
* Expression

H,N
B-galactosidase
H,N l(— CNBr
MET + H,N-ALA-GLY--------4- CYS-C//

A Mo
Somatostatin

Fig. 12.10: Production of somatostatin.

Beta-endorphin: It is another important growth hormone with 30 aminoacids
long polypeptide that was genetically engineered in E. coli cells. The
integrated form of the DNA sequence of endorphin was obtained which codes
for a precursor protein that consists of alpha melanotropin, corticotropin, beta
lipoprotein, and beta melanotropin. The beta endotropin is cleaved from the c-
terminal end producing a hybrid protein of beta endotropin and beta-
galactosidase. The protein is cleaved by the activity of trypsin at arginine
residue and before cleavage, internal lysine residues are protected by
citraconylation.

Epidermal growth factor: These are protein molecules present in small
amounts in humans and mainly help in wound healing. Other uses of this
include eye repair, skin grafts, and healing burns. EGF which is an

amphiregulin has properties of both EGF and TGF Transforming factors).

Fibroblast growth factor: Itis a protein molecule that stimulates the growth
of connective tissue and is used in the treatment of burns, ulcers, wounds etc.

Neurotrophic factor: NGF or nerve growth factor helps in the curing and

regeneration of nerves in damaged sites. CNTF( Ciliary neurotrophic factor

and BDNF (Brain-derived neurotrophic factor) stimulate brain cells and help in

the repair of damaged cells. Nerve degenerative diseases include Alzheimer's
248 and sclerosis.
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12.3.3 Blood Clotting Factors

Recombinant blood clotting factors are therapeutic proteins produced using
recombinant DNA technology and are used to treat bleeding disorders,
primarily hemophilia. Hemophilia is a genetic disorder characterized by the
absence or malfunction of specific blood clotting factors, leading to excessive
bleeding. Armour was the scientist who isolated a blood clotting protein called
factor VIII from human blood to treat hemophilia. Hence, called an anti-
hemophilic factor. Recombinant factors VIII and IX have been developed by
Baxter Healthcare and Miles Inc.Companies for the treatment of hemophilia.
The isolated genes have been purified and sequenced.

By providing these clotting factors through recombinant means, individuals
with hemophilia can manage and prevent bleeding episodes effectively.

The most commonly produced recombinant blood clotting factors are:

1. Recombinant Factor VIII: Used to treat Hemophilia A, a condition where
there is a deficiency in Factor VIIl. Recombinant Factor VIl is synthesized
using genetically engineered cells and helps restore the blood's ability to
clot.

2. Recombinant Factor IX: Used to treat Hemophilia B, a disorder caused
by a deficiency in Factor I1X. Like recombinant Factor VI, this therapy
enables proper clot formation in individuals with Hemophilia B.

3. Recombinant Factor Vlla: This factor is used to treat individuals with
Hemophilia who have developed inhibitors (antibodies) against Factor VIII
or Factor IX, making standard treatments ineffective. It can also be used
for people with other rare bleeding disorders.

4. Extended Half-Life (EHL) Clotting Factors: Advances in recombinant
technology have led to the development of clotting factors with extended
half-lives, meaning they remain active in the bloodstream for longer
periods. This reduces the frequency of infusions needed, improving
convenience for patients.

12.3.4 Recombinant Vaccines

Vaccines are antigenic proteins of other animals and generate immunity.
Recombinant vaccines are a type of vaccine developed using recombinant
DNA technology, where specific genes encoding antigens (usually proteins
from pathogens) are inserted into host cells, such as bacteria, yeast, or
mammalian cells. These cells then produce the antigen, which is purified and
formulated into a vaccine. Recombinant vaccines stimulate the immune
system to recognize and combat pathogens without using the actual virus or
bacterium, which enhances safety and efficacy.

Types of Recombinant Vaccines

1.  Subunit Vaccines: These vaccines contain specific proteins or antigens
from the pathogen, which trigger an immune response. Since they do not
contain live components of the pathogen, they pose no risk of causing
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the disease. Example, Hepatitis B vaccine, one of the first recombinant
vaccines, uses a protein from the Hepatitis B virus produced in yeast
cells to generate immunity.

2. Virus-Like Particle (VLP) Vaccines: VLPs are engineered to resemble
viruses but lack viral genetic material, making them non-infectious. They
can effectively stimulate an immune response due to their structural
similarity to actual viruses. Example, Human Papillomavirus (HPV)
vaccine, which protects against HPV-related cancers, is a VLP vaccine
made using recombinant technology.

3. DNA-Based Recombinant Vaccines: These vaccines use plasmids
(circular DNA molecules) that carry genes encoding pathogen antigens.
The plasmids are taken up by cells in the body, which then produce the
antigens internally, triggering an immune response.

Use of nucleic acids to cure and treat diseases is known as gene
medicine. It has wide scope and includes use of DNA Vaccines. These
are considered to be the third-generation vaccines and are a great hope
to mankind. They protect against serious infectious diseases.

For example: Mycobacterial heat shock proteins of Mr655000 ((HSP 65)
are administered in 4 doses to mice. After 8 weeks, booster doses of
intravenous injection of H37Rv, leads to a decrease in the number of live
bacteria. These DNA vaccines can be used against a variety of
infectious diseases.

Anti-malarial vaccine: A mixture of 4 plasmid DNAs (PfCSP
(Plasmodium falciparum circumsporozoite protein, PfSSP2 (Plasmodium
falciparum sporozoite surface protein 2), PfEXP-1 (Plasmodium
falciparum Exported Protein 1) & PfLSA-1 (Plasmodium falciparum liver
stage antigen-1 ) when injected into Rhesus monkeys was found to elicit
multiple antigen-specific cytotoxic T lymphocytes (Fig. 12.11).

Aquire immunogen
DNA vaccine 00

Cell assembles and releases
immunogen

\ DNA Vaccines can be used
\ against variety of infectious
) and diseases

/
\

Plasmid enters
nucleus

Fig. 12.11: Working mechanisms of DNA vaccine.
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4, Recombinant Vector Vaccines: These vaccines use a harmless virus
or bacterium as a carrier (vector) to deliver genes encoding antigens
from a pathogen into the body. The carrier itself is modified to prevent it
from causing illness. Example, Ebola vaccine uses a recombinant
vesicular stomatitis virus (rVSV) as a vector to deliver Ebola virus
glycoprotein to stimulate immunity.

SAQ2
Fill in the blanks with correct option:

a) Recombinant DNA technology allows the production of pharmaceutical
proteins in large quantities by inserting genes into .................. (vector /
host) cells.

b)  The first recombinant pharmaceutical product approved by the FDA was
..................... (insulin / heparin), used to treat diabetes.

C) i, (Factor VIII / Factor 1X)is a recombinant therapeutic
protein used to treat patients with blood clotting disorders, like
hemophilia.

d) Recombinant DNA technology enables the production of monoclonal
.................. (antigens / antibodies), which are used for targeted therapy
in diseases like cancer and autoimmune disorders.

e) The production of recombinant pharmaceuticals reduces the risk of
...................... (pathogen / adulterant) contamination, which was a
major issue with traditional methods that relied on animal or human
donors.

f) Recombinant .................... (erythropoietin / endorphin) is used to treat
anemia by stimulating red blood cell production, especially in patients
undergoing chemotherapy or dialysis.

12.4 DNA FINGERPRINTING

DNA fingerprinting, also known as genetic fingerprinting or DNA profiling, is

a laboratory technique used to identify individuals based on their unique
genetic makeup. It analyzes specific regions of DNA that vary significantly
between individuals, making it possible to differentiate between people (except
identical twins, who share the same DNA).

DNA Fingerprinting has applications in:

. Forensic Science: Identifying suspects or victims in criminal
investigations.

. Paternity Testing: Determining biological relationships.
. Medical Diagnostics: Identifying genetic disorders.
. Identification of Deceased Individuals: In cases of disaster or war.
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. Evolutionary Studies: Understanding genetic diversity in populations.

Because DNA is so unique, except in identical twins, it serves as a powerful
tool in identification and forensic science.

Let us look at the role of rDNA technology in diagnostics and forensic
laboratory.

12.4.1 Role of rDNA in Diagnostic and Forensic
Laboratory

Recombinant DNA (rDNA) technology plays a crucial role in both diagnostic
and forensic laboratories. It involves the manipulation and recombination of
DNA from different organisms, allowing for the development of advanced
techniques for detecting genetic diseases, identifying individuals, and
understanding molecular mechanisms in health and crime investigations.

Role of rDNA in Diagnostic Laboratories:
1. Disease Diagnosis:

rDNA technology helps in the identification of genetic disorders, infectious
diseases, and cancers. By cloning genes or DNA segments, scientists can
develop probes that detect specific disease-causing mutations. For example,
rDNA is used in the creation of DNA probes that detect mutations in genetic
disorders like cystic fibrosis, sickle cell anemia, or BRCA mutations linked to
breast cancer.

2. Molecular Markers:

rDNA is used to create molecular markers for identifying the presence of
pathogens (like bacteria and viruses). These markers are highly specific and
sensitive, making it easier to detect diseases at an early stage. Techniques
like PCR (Polymerase Chain Reaction), which relies on rDNA methods, allow
for the amplification and detection of small amounts of pathogenic DNA,
facilitating early diagnosis of infections such as HIV, tuberculosis, or even
COVID-19.

3. Therapeutic Proteins and Vaccines:

rDNA technology enables the production of therapeutic proteins like insulin,
growth hormones, or clotting factors that are crucial for treating diseases.
rDNA is also used in the development of vaccines (e.g., the recombinant
Hepatitis B vaccine).

4. Gene Therapy:

rDNA forms the foundation of gene therapy, where faulty genes in patients are
replaced or repaired. This technology can be used to treat genetic disorders
by inserting functional copies of genes into patients' cells.

Role of rDNA in Forensic Laboratories:
1. DNA Profiling:

Although DNA profiling doesn't always directly involve rDNA, recombinant
DNA technology has played a foundational role in the development of DNA
fingerprinting techniques. rDNA has helped in understanding how variable
regions of DNA, like short tandem repeats (STRs), can be used for individual
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identification. In forensics, DNA profiling can match biological samples (like
blood, semen, hair, etc.) found at crime scenes to specific individuals.

2. Creating DNA Markers for Identification:

rDNA technology can be used to create specific markers that help distinguish
between different individuals based on their genetic makeup. These markers
are essential in criminal investigations, paternity testing, and disaster victim
identification.

3. Pathogen Identification in Crime Scenes:

rDNA techniques can identify microorganisms in forensic evidence. For
example, if a victim or suspect is infected with a particular strain of bacteria or
virus, rDNA tools can help trace the source or link suspects to a crime scene.

4. Cloning Forensic Samples:

In cases where the DNA sample from a crime scene is limited or degraded,
rDNA methods like cloning can amplify the sample. By inserting DNA
fragments into vectors and replicating them in bacteria, scientists can create
enough DNA for analysis.

rDNA technology underpins many modern diagnostic and forensic techniques,
enabling precise detection of diseases, accurate DNA profiling, and the
development of novel therapies and vaccines. Its versatility has transformed
both fields, improving accuracy and enabling new discoveries.

§4Q3

Answer in one sentence:

a) How does rDNA technology contribute to the early detection of infectious
diseases?

b)  Which recombinant technology is used to produce diagnostic probes for
detecting mutations?

c¢) How does rDNA help in developing therapeutic proteins for disease
treatment?

d) How does rDNA technology aid in DNA fingerprinting for forensic
identification?

12.5 SUMMARY

o Recombinant DNA technology has developed and progressed
successfully during the last 15 years.

o The wide application of this technology in the commercial production of
products like in agriculture, industry, medicine, and pharmaceuticals lead
to the indeterminate rise.

o The field of medicine has benefitted greatly from the revolution of
recombinant DNA technology to identify inherited diseases and disorders.

Techniques like PCR, gene synthesis using chemical methods,
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sequencing and analysis have led to the expansion of molecular
biotechnology.

Recombinant DNA technology plays an important role in the production
recombinant pharmaceuticals such as insulin, human growth hormone,
Factor VIII, Recombinant vaccines, and Gene therapy.

A variety of approaches are involved in identification of diseased gene,
such as Pedigree analysis, Linkage analysis, Mutations, Knock-out /
Knock-down mice, etc.

Gene therapy is a medical technigue that aims to treat or prevent
diseases by modifying the genetic material within a person's cells. Today,
the meaning of gene therapy has now been made much broader to
include attempts to cure any disease by the introduction of a cloned

gene into the patient.

In germline gene therapy diseases can be treated by introducing a
remedial gene into sperm, eggs or zygote by liposome fusion or
microinjection.

In somatic cell gene therapy the gene is introduced into the somatic cells
it is called somatic cell gene therapy.

Recombinant pharmaceuticals are produced by inserting human or other
target genes into microorganisms, such as bacteria or yeast, or into
mammalian cell lines. These host cells then express the desired protein,
which is harvested, purified, and formulated for medical use.

Recombinant human insulin is used to treat diabetes. It is produced by
inserting the human insulin gene into E. coli or yeast cells.

Monoclonal antibodies are used in cancer therapy, autoimmune
diseases, and infectious diseases. They are produced in mammalian
cells such as CHO cells.

Erythropoietin (EPO) is used to treat anemia, especially in patients with
chronic kidney disease or cancer, recombinant EPO stimulates the
production of red blood cells.

Human growth hormone (hGH) is recombinant hGH used to treat growth
hormone deficiency in children and adults.

Recombinant blood clotting factors are therapeutic proteins produced
using recombinant DNA technology and are used to treat bleeding
disorders, primarily hemophilia. Recombinant Factor VIII is used to treat
Hemophilia A, a condition where there is a deficiency in Factor VIII. It is
synthesized using genetically engineered cells and helps restore the
blood's ability to clot.

Recombinant vaccines stimulate the immune system to recognize and
combat pathogens without using the actual virus or bacterium, which
enhances safety and efficacy.

DNA fingerprinting, also known as genetic fingerprinting or DNA profiling,
is a laboratory technique used to identify individuals based on their
unigue genetic makeup.
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o rDNA technology underpins many modern diagnostic and forensic
techniques, enabling precise detection of diseases, accurate DNA
profiling, and the development of novel therapies and vaccines.

12.6 TERMINAL QUESTIONS

1. Whatis gene therapy?

2. How somatic gene therapy differs from germline gene therapy?

3. Differentiate between in vivo and ex vivo gene therapy?

4. Write a note on recombinant human insulin.

5.  What are recombinant vaccines?. What are its advantages?

6.  What is DNA finger printing? Describe its role of rDNA in Diagnostic and
Forensic Laboratory

12.7 ANSWERS

Self Assessment Questions

1. a)
b)

c)
d)

e)

f)

b)

iii) To correct defective genes responsible for disease development
i) Viruses
ii) Germline gene therapy

i) In vivo gene therapy involves treating cells inside the body,
while ex vivo gene therapy treats cells outside the body.

i) CRISPR

ii) It could cause genetic changes that are passed to future
generations

host

insulin

Factor VIII
antibodies
pathogen
erythropoietin

rDNA enables the production of molecular markers or probes that
can detect pathogen-specific DNA or RNA, allowing early
diagnosis.

Gene cloning via rDNA is used to produce specific DNA probes for
detecting mutations in genetic testing.
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c) rDNA technology allows the production of therapeutic proteins like
insulin and growth hormone by inserting human genes into host
organisms such as bacteria.

d) rDNA technology underpins methods like PCR and STR analysis,
enabling the creation of DNA profiles used for identifying
individuals in forensic cases.

Terminal Questions

1.

2.

For details refer to section 12.2.2.
For details refer to section 12.2.2.
For details refer to section 12.2.2.
For details refer to section 12.3.1
For details refer to section 12.3.4

Applications in the field of medicine: For details refer to 12.4



