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OVERVIEW OF TOPICS

What is Genetic Engineering (GE)?
How is GE performed?
What are the common uses for GE?

Concerns with GE




DEFINITION OF GENETIC ENGINEERING

IUPAC definition:

Process of inserting new genetic information into existing cells in order to
modify a specific organism for the purpose of changing its characteristics

Also Known as Recombinant DNA technology, gene modification, and gene
therapy

Microorganisms

Bacteria Yeast
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A TYPICAL ANIMAL CELL

Cell membrane

\_ Cytoplasm

Nucleus
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A TYPICAL ANIMAL CELL
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CELL DIVERSITY IN HUMANS
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ending
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www.buzzle.com

All genes are in each cell nucleus, but only those specific to that tissue are turned “on”
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CHROMOSOMES AND GENETIC MATERIAL

Nuclear Envelope

Nucleolus

\ Chromatin

Cell Nucleus Diagram
Sketch by Saptakee Sengupta
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PACKAGING GENETIC INFORMATION

Chromosome

Sa
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THE UNIVERSAL GENETIC CODE

'GC TG TCTGCG T 1 1 GCGACTCCG ACTTCATG

C-Cytosine

G-Guanine
T-Thymine

Understanding the human body based on genetic code is like learning English with only a dictionary
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GENE TRANSCRIPTION & TRANSLATION-
CENTRAL PRINCIPLE OF MOLECULAR BIOLOGY
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PROTEINS “Functional molecules”

» Structural (collagen)
* Enzymes (Trypsin)
 Transporters (hemoglobin)

B . Antibodies (immune
response)

* Cell receptors (Insulin)




TRANSLATION: PROTEIN MANUFACTURING

codon
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TRANSLATION: PROTEIN MANUFACTURING

TGA = sty
765 =

The code Is Universal
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GENETIC MUTATION

Original DNA code for an amino acid sequence.

o CATCATCATCATC]
bases

-= His |H His | His | His | His [ His

Amino acid Replacement of a

single nucleotide.

H His H His HEJLWH His H His H His |-
)

Incorrect amino acid, which may
produce a malfunctioning protein.
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PROTEIN FOLDING AND STRUCTURE
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ESSENTIAL PROTEINS IN THE BODY-
HEMOGLOBIN

HUMAN HEMOGLOBIN

~ Oxygen

Hemoglobin
& i.‘\// molecules molecule

Heme

Hemoglobin
molecule

Red ~
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ESSENTIAL PROTEINS IN THE BODY-
HEMOGLOBIN

r Start of coding sequence

DNA CAC GTG GAC TGA GGA CTC CTC
sequenc® GTG CAC CTG ACT CCT GAG GAG

v

Valine = Histidine = Leucine — Threonine = Proline = ad )

Normal

Amino acid
sequence

CAC GTG GAC TGA GGA c@c CTC
GTG CAC CTG ACT CCT GG GAG

Sickled red blood cells

The change in amino acid sequence causes hemoglobin molecules to crystallize when oxygen levels
in the blood are low. As a result, red blood cells sickle and get stuck in small blood vessels.
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ESSENTIAL PROTEINS IN THE BODY-
INSULIN

.‘;‘lucose

‘Insulin

¥ 4

nsulin receptor
.G lucose

transporter

web.campbell.edu


https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&docid=aere4xmfbADDlM&tbnid=MBgMnXiG6AStBM:&ved=0CAQQjB0&url=http://seekyt.com/pancreas-anatomy-why-you-should-care-knowing-what-it-does-helps-you-stay-healthy/&ei=3PIKU43OM4X8oATKgoDwAQ&psig=AFQjCNGTOz6bBxLsLyfhhw-DZALzOv4fAw&ust=1393312854886423

ESSENTIAL PROTEINS IN THE BODY-
COLLAGEN

Younger Skin Older Skin

Several diseases linked to mutations in the COL1A1 gene




ESSENTIAL PROTEINS IN THE BODY-
COLLAGEN

COLLAGEN ELASTIN
MOISTURIZER




MOLECULAR BIOLOGY SUMMARY

Chromosome

Insulin
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HOW CAN THIS INFORMATION BE ALTERED?




BACTERIOPHAGE

engineering.curiouscatblog.net beckteria.wordpress.com
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Virus duplicates itself STEP 3:

Cell explodes,
Virus enters cell releasing thousands
of brand-new virus particles

whyfiles.org




BACTERIAL DEFENSE

Alul and Haelll produce blunt ends

BamHIl Hindlll and EcoRl produce "sficky” ends
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BACTERIAL DEFENSE
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MOLECULAR CLONING

The Formation of a Recombinant DNA Molecule
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USES OF GENETIC ENGINEERING

Industrial- mass production of hormones and
biofuels

Agricultural- herbicide, insect resistant plants

Animals- Disease mechanisms and food sources

Medical- Gene Therapy
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OIL CLEAN UP AND PSEUDOMONAS PUTIDA
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INDUSTRIAL INSULIN PRODUCTION

1

insulin gene
introduced
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BIOFUEL ARABIDOPSIS THALIANA

Decreased Lignin production
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USES OF GENETIC ENGINEERING

Industrial- mass production of hormones and biofuels
Agricultural- herbicide, insect resistant plants
Animals- Disease mechanisms and food sources

Medical- Gene Therapy




GENETICALLY MODIFIED FOOD (GMO)

Antiviral Increased Nutrition Herbicide Resistance Insect Resistance
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ROUNDUP RESISTANT SOYBEANS

Glyphosate
Resistance gene
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INSECT RESISTANT CORN
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Corn borer worm “billion dollar bug”

Bt Corn- Bacillus
thuringiensis

Bacterial toxins
(Cry proteins)
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GOLDEN RICE

Biosynthesis of beta carotene-
a vitamin A precursor via GMO

webeye.ophth.uiowa.edu
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USES OF GE

Industrial- mass production of hormones and
biofuels

Agricultural- herbicide, insect resistant plants

Animals- Disease mechanisms and food sources

Medical- Gene Therapy




TRANSGENIC MICE- ALZHEIMER'S DISEASE
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TRANSGENIC MICE- GREEN FLUORESCENT PROTEIN
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1) Visualize animal development
Aequorea victoria 2) Transplants

3) “Tag’ other proteins
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GMO ANIMALS AS AFOOD SOURCE
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USES OF GENETIC ENGINEERING

Industrial- mass production of hormones and
biofuels

Agricultural- herbicide, insect resistant plants

Animals- Disease mechanisms and food sources

Medical- Gene Therapy




IN VIVO GENE THERAPY (DIABETES)

Insulin that is produced is mutated/defective
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“Healthy” Insulin



IN VIVO GENE THERAPY (CYSTIC FIBROSIS)

CFTR

Cystic fibrosis
transmembrane
conductance
regulator gene
mutations
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EXVIVO GENE THERAPY (HIV)
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ETHICAL CONCERNS

* Health concerns

 Eating GMOs

« Livestock consuming GMQOs
* Environmental concerns

* Pollution

+ Gene Flow
* Genetic contamination
» Cross breeding
* Moral concerns
* Are we improving life or going too far?
- Do we have a medical obligation to humans with gene therapy?

Do we have a moral obligation to produce food in quantity and quality?



SUMMARY OF TOPICS

What is Genetic Engineering (GE)?

How is GE performed?

What are the common uses for GE?
* Industrial, Agricultural, Animals, Gene Therapy
Ethical Aspects of GE

GENETIC ENGINEERING

Sometimes you can go too far



QUESTIONS?




CODONS AND PROTEIN ABBREVIATIONS

Abbreviations for amino acids

Three-fetter One-letter
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Amino acid abbreviation symbol

Alanine Ala
Arginine Arg

== =

Asparagine Asn
Aspartic acid Asp
Asparagine or aspartic acid Asx
Cysteine Cys
Glutamine Gin
Glutamic acid Glu
Glutamine or glutamic acid Gix
Glycine Gly
Histidine His
Isoleucine lle

Leucine Leu
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Lysine Lys
Methionine Met
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Phenylalanine Phe
Praline Pro
Serine Ser

Threonine Thr

Tryptophan Trp
Tyrosine Tyr
Valine Val




GFP ANIMALS




