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* Penicillium notatum

Bacterial colonies Bacterial colonies
growing inhibited

Prof. Alexander Fleming. Photo
Courtesy of the History of
Medicine Division at the U.S.
National Library of Medicine
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Molecular and Cellular Biology
Microbiology (Industrial)
Biochemistry

Genetic engineering

Chemistry

Immunology
%%T;;cju;;izggg o2 Schematic description of the branches of biotechnology
Animal and Plant Science




NUTRITION

Areas of biotechnology. The figure represents various streams of biotechnology as given by
their color codes; green-agriculture; yellow-nutrition; red-health and medicine; white—industrial;
purple—ethics and law; gold—bioinformatics; blue—marine; grey—environment; brown—arid
and black—bioweapons
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= Consumption of wild plants

- Yeast used in making bread, vinegar and beer/wine (6000 B. C.)

7000 B. C.

- Organized agriculture; crop rotation (3000 B. C.)

Ancient biotechnology:-

- Application of curd molds on wounds (500 B. C.)
- Transfer of features from parents to offspring (Socrates, 420 B. C.)

Anton Van Leeuwenhoek observes live cells (1673)

%
-
:
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1700 A. D. . .
Classical biotechnology

Edward Jenner’s smallpox vaccine (1796)
Microbial fermentation by Louis Pasteur (1863)

= —— Mendel’s laws of inheritance (1865) .
'L = Pasteur and Roux develop rabies vaccine (1885) MO dern h|0techno|ogv

- = Robert Koch’s postulates for pathogenicity (1890)
1900 A. D. == Mutation theory by Hugo de Vries (1900)
= Sutton discovers Chromosomes (1902)
== Morgan establishes role of chromosomes in heredity (1907)
== Johannsen coins the word "gene” (1909)
= Griffith reports “transforming principle” as genetic material (1928)
- Flemming finds out Penicillin as an antibiotic (1928)
- Watson and Crick reports DNA double helix (1953)
- Beginning of recombinant DNA technology and genetic engineering (1970s)

Modern biotechnology

Brief timeline of events in the development of biotechnology
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Penicillium notatum
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Schematic showing
inhibitory effect of Bacterial colonies Bacterial colonies
penicillium mould on growing inhibited
growing bacteria
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Prof. Alexander Fleming. Photo
Courtesy of the History of
Medicine Division at the U.S.
National Library of Medicine



Insulin gene

‘ Cloning

Plasmid

‘ Expression
Purification
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Schematic depicting the workflow of recombinant human insulin production

‘ Cloning

‘ Plasmid
Expression
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Denaturation Annealing j Amplification =
=) e —
Gene Primer Identical copies of gene
Enucleate Blastocyst
ovum
_ Zygote , lmplantation in
surrogate mother

Nucleus
transferred

Diﬁerentiaﬁon into
various cell types

Somatic cell

Schematic depicting somatic cell nuclear transfer




PRODUCTS OF

NANOTECHNOLOGY

* Derived from
sources like starch,
sugar, animal fats
and vegetable oil.

» Examples: Biodiesel,
Vegetable oil, Bio
ethers, Biogas, etc

-

* Derived from non-food

crops, suchas
cellulosic bio fuels and
waste biomass

= Examples: Advanced bio-

' ™

+ Derived from algae
mostly marine
algae

* Examples: Algal
bioethanol and
algal biodiesel

fuels like bio-hydrogen,
\_ bio-methanol J

/

Generations of biofuels

Protospacer
tracrRNA
- 494444 =
CRISPR repeats I
CrRIN A m— tracrRNA
L ——

crRNA-tracrRNA mﬂ
hybrids
Cas9:crRNA-tracrRNA (Cas9 ;; F
complex

Target DNA sequence
cleavage by
Cas9:crRNA-tracrRNA
complex
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Fermentation process scale-up

scale-up as increasing something in size, amount, or
production.



SIZE

B

Bench or Lab Scale

Commercial
Scale

Demonstration
Scale

8

Pilot Scale




