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Applications of biotechnology

Ancient Biotechnology

Animal and Plant

Breeding
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Applications of biotechnology
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Using micro -
organisms to make
cheese,yoghurt, bread,

beer and wine.
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Aspergillus

Lactic acid

Soy Sauce
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Cheese, Yogurt Beer Wine Bread
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Fermentation is a metabolic process
that produces chemical changes in
organic substrates through the action
of enzymes. In biochemistry, it is
defined as the extraction of energy
from carbohydrates in the absence of

oxygen.
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Saccharomyce Lactobacillus Aspergillus
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Penicillin antibiotic is used for the

treatment of Gram-positive bacteria.
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“When | woke up just after dawn on September 28, 1928, | certainly

didn’t plan to revolutionize all of medicine.” — Alexander Fleming
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Biotechnology

MODERN BIOTECHNOLOGY

Modern Biotechnology

Modern
biotechnology
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Applic;tions of biotechnology

Modern Biotechnology
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Key applications of modern biotechnology
DNA profiling
DNA cloning
Transgenesis
Genome analysis
Cell culture and tissue engineering

Xenotransplantation
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Red Medical

Yellow Food Biotechnology

Agriculture

Aqguatic
White Gene-based industry COIOI’ COde Of BiOtEChI‘IOIOgy
Grey Fermentation

Brown Arid

Gold Nanotechnology/Bioinformatics

Purple Intellectual

Bioterrorism/ %y arfare
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Extraction and purification of nucleic acids

Phenol-Chloroform Extraction
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STE-buffer

The composition of Buffer STE (Sodium Chloride-Tris-EDTA) is:
* 100 mM Na(l

« 10 mM Tris-HCl, pH 8.0
Tris=(hydroxymethyl) aminomethane, =~ C4H11NO3
* EDTA (Ethylenediaminetetraacetic acid), C10H16N208
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Phenol-Chloroform




PA

0)lioJl

T geelanll el Slpad gt Je s

Conventional Polymerase Chain Reaction (PCR)
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Polymerase chain reaction - PCR
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o Denaturation at 94-96°C
o Annealing at ~68°C
€) Elongation atca.72°C
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Mixture of
DNA mol-
ecules of
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molecules
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Reverse Transcription PCR (RT-PCR)
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Reverse Transcription PCR (RT-PCR)
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Reverse Transcription PCR (RT-PCR)
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Quantitative Real Time PCR (Q-PCR)
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Quantitative Real Time PCR (Q-PCR)
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Quantitative Real Time PCR (Q-PCR)
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Flourescent /in situHybridization (FISH)
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Recombinant DNA technology / DNA cloning; Gene cloning; Cloning

A technology that uses enzymes to cut and paste together DNA sequences of interest. The
recombined DNA sequences can be placed into vectors that carry the DNA into a host cell. In

this host cell, the customized recombined DNA sequence can be copied or translated.
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Proc. Nat. Acad. Sci. USA
Vol. 70, No. 11, pp. 3240-3244, November 1973

Construction of Biologically Functional Bacterial Plasmids In Vitro

(R factor/restriction enzyme/transformation/endonuclease/antibiotic resistance)

STANLEY N. COHEN*, ANNIE C. Y. CHANG*, HERBERT W. BOYER{, AND ROBERT B. HELLINGf

* Department of Medicine, Stanford University School of Medicine, Stanford, California 94305; and T Department of Microbiology,
University of California at San Francisco, San Francisco, Calif. 94122

Communicated by Norman Davidson, July 18, 1973
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Recombinant DNA cloning
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PCR based cloning

® Primer Design for Restriction Enzyme Cloning

* PCR based cloning is about making a copy of a piece of DNA and at the same time adding restriction

sites to the ends of that piece of DNA so that it can be easily cloned into a plasmid of interest.

5 Efﬂﬁ'f i Insert (YGOI) i
3 Backbone
TGGCATATCTCGAAGTALC TGAE ATACCTACGCGGA

GATACCTACGCGGAATGTGGCATATCTCGAAGTAL W
CTATGGATGCGCCTTACACCGTATAGAGCTTCATG ACCGTATAGAGCTTCATGACTCTATGGATGCGCCT

g 3
Backbone "'”'\ﬂt "
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Transformation of E. coli

Chemical transformation
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Transformed E. coli
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Selection of positive transformed cells
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Historical events in the development of cell culture

1878: Claude Bernard proposed that physiological systems of an organism can be maintained in a living system

after the death of an organism.

1885: Roux maintained embryonic chick cells in a saline culture.

1897: Loeb demonstrated the survival of cells isolated from blood and connective tissue in serum and plasma.
1903: Jolly observed cell division of salamander leucocytes /n vitro.

1907: Harrison cultivated frog nerve cells in a lymph clot held by the 'hanging drop" method and observed the

growth of nerve fibers /n vitrofor several weeks. He was considered by some as the father of cell culture.

1910: Burrows succeeded in |ong term cultivation of chicken embryo cell in plasma clots. He made detailed

observation of mitosis.
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Historical events in the development of cell culture

® 1911: Lewis and Lewis made the first liquid media consisted of sea water, serum, embryo extract,

salts and peptones. They observed limited monolayer growth.
® 1913: Carrel introduced strict aseptic techniques so that cells could be cultured for |ong periods.
* 1916: Rous and Jones introduced proteolytic enzyme trypsin for the subculture of adherent cells.

® 1923: Carrel and Baker developed 'Carrel’ or T-flask as the first specifically designed cell culture

vessel. They employed microscopic evaluation of cells in culture.
® 1927:Carrel and Rivera produced the first viral vaccine - Vaccinia.

* 1933: Gey developed the roller tube technique.
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Historical events in the development of cell culture

1940s: The use of the antibiotics penicillin and streptomycin in culture medium decreased the problem of contamination in cell culture.

1948: Earle isolated mouse L fibroblasts which formed clones from single cells. Fischer developed a chemically defined medium, CMRL
1066.

1952: Gey established a continuous cell line from a human cervical carcinoma known as HeLa (Helen Lane) cells. Dulbecco developed

plaque assay for animal viruses using confluent monolayers of cultured cells.

1954: Abercrombie observed contact inhibition: motility of diploid cells in monolayer culture ceases when contact is made with adjacent

cells.

1955: Eagle studied the nutrient requirements of selected cells in culture and established the first widely used chemically defined

medium.
1961: Hayflick and Moorhead isolated human fibroblasts (WI-38) and showed that they have a finite lifespan in culture.
1964: Littlefield introduced the HAT medium for cell selection.

1965: Ham introduced the first serum-free medium which was able to support the growth of some cells.
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Historical events in the development of cell culture

1965: Harris and Watkins were able to fuse human and mouse cells by the use of a virus.

* 1975: Kohler and Milstein produced the first hybridoma capable of secreting a monoclonal antibody.

® 1978: Sato established the basis for the development of serum-free media from cocktails of hormones and growth factors.
* 1982: Human insulin became the first recombinant protein to be licensed as a therapeutic agent.

* 1985: Human growth hormone produced from recombinant bacteria was accepted for therapeutic use.

* 1986: Lymphoblastoid YIFN licensed.

* 1987: Tissue-type plasminogen activator (tPA) from recombinant animal cells became commercially available.

* 1989: Recombinant erythropoietin in trial.

® 1990: Recombinant products in clinical trial (HBsAG, factor VIII, HIVgp120, CD4, GM-CSF, EGF, mAbs, IL-2).
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Hela cells
Immortal cell line

Derived from cervical cancer cells
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How can we obtain cells for a cell culture?

Tissue
Acquisition

Dissection
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Process tissue,
removing fatty
and necrotic cells
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Mechanical or
enzymatic
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trypsin

pronase

Incubation & Separation &
Growth Purification
* Incubate *Further
dispersed cells purification of
»Change medium primary cells
24 hours after achieved by:

initiation to
remove loose
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selective media,
remove cells at
different levels of
attachment,
immunomagnetic
beads




Continuous cells

Formation of primary cells

Trypsinization | Q }{t > Culturing Monolayer
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Continuous cell line
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Cell Morphology Types

Fibroblast-like Epithelial-like Lymphoblast-like




Cell culture systems
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Cell culture systems

* Suspension culture system
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What is the difference between cell line and cell strain?
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Cell-based manufacturing *
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What is cell culture used for?
Genetic engineering °
el (e Boslaedl il Aoy @ Aals Al Alpang (poda Lell g B JUsals Lugliell ALl Bma s 28| V7

LMl s (§ i) crig ) 4SS @Sty (ue!

Gene therapy °

Lo e 3L Lislys Ldsaals cnne (Flas ) i of Badlng i Ly (s s s (50 A5 J3e V/




Py

0)ligJl

What is cell culture used for?
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Microinjection
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Microinjection 6)lial

* Microinjection: is the use of glass microinjection needles with very fine tip (0.1 to 0.5 [Lm) to directly inject

foreign gene fragments into pronuclear embryos or cultured cells.

* Magnification power of around 200x

* Substances that can be injected: various organelles, sperms, kinases, histochemical markers (such as
horseradish peroxidase or fluorescent materials), proteins, metabolites, micro-heads, ions,

antibodies, genes, nRNA and DNA.
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A picoliter is a trillionth (one millionth of a millionth, or 10 to the -12th power) of a liter
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Cell fusion types

Homotypic synkaryon Heterotypic synkaryon

Homotypic cell fusion Heterotypic cell fusion
—_—
@

Homotypic cell fusion Heterotypic cell fusion
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Cell fusion applications

* Hybridoma Production

Hybridoma is a cell line arising from one hybrid cell that is

capable of secreting a monoclonal antibody. The hybrid cell

is produced through the fusion of specific antibody
producing B-cell from an immunized animal (usually a mouse,
rat or rabbit) and which has a finite lifespan, with a cell from

an “immortal” cultured myeloma cell line (e.g. mouse NS-1

or NS-0).
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Cell fusion applications gﬁd,
* Nuclear transfer for transgenic development

The technique of nuclear transfer allows the reconstruction of an embryo by the transfer of genetic material

from a single donor cell, to an unfertilized egg from which the genetic material has been removed.
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Nuclear transfer for transgenic development

Somatic body cell with desired genes

Nucleus fused with denucleated egg cell
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Calcium phosphate transfection gﬁmn
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Issues of calcium phosphate transfection
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Cationic lipids mediated transfection

Cell membrana




Cationic Iipids advantages

v

aeoln
0)ligJl

2 bzl J oY Llle Legeds J8Y1 aa, LYl @

Lol )

plasmid DNA, antisense oligonucleotide, and RNA

interference (RNAI) molecules
Lguu_.. yadle 5;\.&3.3 weis ®

o daw ©
% %




IZW

0)ligJl

Transient and stable transfection

Transient transfection

Cells express the foreign gene

Cells do not integrate foreign gene into their genome

New gene will not be replicated.

For studying the effects of short-term expression of

genes or gene products, or protein production on a small

scale

Stable transfection

Cells express the foreign gene

Cells integrate foreign gene into their genome
New gene will be replicated.
Long-term gene expression

protein production on a large scale, longer-term
pharmacology studies, gene therapy or research on the

mechanisms of Iong-term genetic regulation.

Begins with a transient transfection and followed with

selection process of transfected cells
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Genetic engineering and Transgenic Organisms

Genetic engineering: Modifying the genomes of Iiving organisms

Genes of one species can be modified, genes can be transplanted from one species to another, or somatic cell

nuclear can be transferred

Genetic engineering is made possible by recombinant DNA technology

Organisms that have altered genomes are known as genetically modified organisms
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Genetic engineering and Transgenic Organisms

Transgenesis: is the process of introducing a gene (referred to
as a transgene) from one organism into the genome of another
organism. The aim is that the resulting transgenic organism will
express the gene and exhibit some new property or

characteristic.

® Most transgenic organisms are generated in the laboratory

for research purposes

* Transgenic organisms have also been developed for

commercial purposes
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Cell
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Exam ples of transgenic organisms with commercial value

B

|

Vaccine producing bananas

Vaccine for hepatitis B virus (HBV) produces beta-carotene
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Examples of transgenic organisms with commercial value

Goats that produce important proteins in Chymosin producing microorganisms

their milk Modified to produce the enzyme chymosin,

Human antithrombin, Growth hormone, Insulin, Spider which splits milk to make cheese

silk
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* CRISPR (Clustered Regularly Interspaced Short Palindromic Repeat)
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