Warm Up
Read the article “London Olympics: Advances in swimwear for
athletes — and you” and answer the following:
1. What is the controversy in this paper?
2. Think of at least two other technologies used
in sports that may help give the participants of
one team or individual an unfair advantage
over the others
3. Write a one paragraph opinion on whether
you believe these sorts of technologies should
be banned from sports.

Biotechnology & Genetic Engineering
• What is Biotechnology? What is Genetic Engineering
• Restriction Enzymes and Ligase (cutting and pasting DNA)
• Genetic Engineering & Recombinant DNA
 Transforming Cells
 Biologics
 Genetically Modified Foods
 Gene Therapy
• DNA Extraction (removing and isolating DNA)
•
•
•
•

Polymerase Chain Reaction (PCR) (Copying DNA)
Gel Electrophoresis (Separating DNA) and DNA Fingerprinting
Sequencing DNA
Cloning

• Stem Cells
• The Human Genome Project

Biotechnology & Genetic Engineering
• Technology - the application of scientific knowledge for practical
purposes, like to solve a problem (online dictionary)
̵

We pass on knowledge of our technology from one generation to the next
orally, textually, and now digitally
̵

How did each generation below learn about the technology and improve it?

Biotechnology & Genetic Engineering
• Biotechnology – the involvement of living organisms in technology
(use of living organisms to solve a problem or application of
technology to change living organisms) – some examples:
̵

Medicine (understanding the body, creating devices to assess and heal the body,
developing new medicines to treat diseases, etc)

Biotechnology & Genetic Engineering
• Biotechnology – the involvement of living organisms in technology
(use of living organisms to solve a problem or application of
technology to change living organisms) – some examples:
̵

Materials science (ex: scientists imitated animals to invent high tech swim suits)
For the 2000 Summer Olympics in Sydney,
Australia, swimmers sported Speedo's new
"Fastskin" suit, inspired by shark skin. The
fabric contained tiny V-shaped ridges
resembling dermal denticles, microscopic
structures that decrease drag and turbulence
around a shark's body.

Link to Shark Report

http://www.treehugger.com/clean-technology/shark-week-andbiomimicry-four-futuristic-technologies-inspired-by-sharks.html

In 2004, Speedo improved on the design by positioning seams and fabrics in
places to maximize the flow of water over a swimmer's body and in the
2008 Beijing Games, swimmers wearing Speedo's LZR suits accounted for
23 of the 25 broken world records.
However, in 2009, the world governing body for swimming, the Federation
Internationale de Natation or FINA, changed the rules for competition-grade
swimsuits, marking the end of shark-inspired suits. The organization
installed several restrictions on the kind of fabric that could be used as well
as how much of the body could be covered in the suit.

Materials Science Example

• Spider silk is 5 times stronger than steel, gram for gram
• Scientists are researching it for all sorts of applications:
 Lighter, stronger, and more durable clothing that is
3 times stronger than Kevlar.
 Artificial hypoallergenic skin for burn victim and
antimicrobial bandages.
 Blood vessel and nerve reconstruction.
 Spider silk car airbags that don't injure you when
they launch, but can absorb more force

Biotechnology & Genetic Engineering
• Biotechnology – the involvement of living organisms in technology
(use of living organisms to solve a problem or application of
technology to change living organisms) – some examples:
̵

Robotics – making machines that imitate living organisms

Biotechnology & Genetic Engineering
• Biotechnology – the involvement of living organisms in technology
(use of living organisms to solve a problem or application of
technology to change living organisms) – some examples:
̵

Genetic engineering is a type of biotechnology in which scientists
change or manipulate the DNA of an organism
 Selective Breeding – Allowing only those organisms with desired
characteristics to produce the next generation

Selective Breeding Examples

Selective Breeding Examples
Amazon Video (28 min):
Breeding Cattle By Humans: Domestication & Genetics
http://www.amazon.com/Breeding-Cattle-Domestication-DimensionMedia/dp/B005IULRRW/ref=tmm_aiv_title_0

Cattle were among the earliest animals domesticated by
humans due to their lack of flight response and to their
herding behavior. Their ruminant stomach biology, which
allowed them to eat almost anything and convert it into
the food, milk, clothing, and fertilizer that humans need,
also made them essential to the rise of civilization.
As cattle became items of production, they were
genetically bred to yield the maximum amount of meat
and milk. The recent use of assembly line slaughtering,
feed lot fattening, and overuse of antibiotics, especially
in the U.S., may be impossible to sustain in the future.

Biotechnology & Genetic Engineering
• Biotechnology – the involvement of living organisms in technology
(use of living organisms to solve a problem or application of
technology to change living organisms) – some examples:
̵

Genetic engineering is a type of biotechnology in which scientists
change or manipulate the DNA of an organism
 Hybridization – Breeding together dissimilar individuals to bring together
desired characteristics from both organisms

Biotechnology & Genetic Engineering
• Biotechnology – the involvement of living organisms in technology
(use of living organisms to solve a problem or application of
technology to change living organisms) – some examples:
̵

Medicine (understanding the body, creating devices to assess and heal
the body, developing new medicines to treat diseases, etc)

̵

Materials science (ex: scientists imitated animals to invent high tech
swim suits)
̵

Robotics – making machines that imitate living organisms

̵

Genetic engineering is a type of biotechnology in which scientists
change or manipulate the DNA of an organism
 Selective Breeding – Allowing only those organisms with desired
characteristics to produce the next generation
 Hybridization – Breeding together dissimilar individuals to bring
together desired characteristics from both organisms
 Recombinant DNA - a chromosome, plasmid or other segment of DNA
that contains nucleotide sequences from more than one source (organism)

Recombinant DNA
Recall in the Amgen Lab that we inserted the rfp gene
from a species of sea anenome into an E coli. Bacterium.
The result was bright red colonies of E coli!
rfp
gene

Recombinant
DNA

Recombinant DNA Technology
• Recall that Plasmids are
 Circular strands of DNA in addition to cell’s chromosomes
 Contain only “nonessential” genes
Toxins
Antibiotic resistance
Conjugation pili

 Found only in prokaryotes
 Are copied at the same time
as the chromosomes prior to
binary fission (reproduction)
 Can be easily transferred
from one cell to another

Recombinant DNA Technology
Restriction Enzymes cut DNA at specific sequences, forming fragments
restriction sites

Sticky ends are where hydrogen
bonds have been cleaved leaving
behind unmatched bases that are
looking to form new H-bonds

Restriction Enzyme in Action

Sticky Ends

1) DNA strand with EcoR1 restriction site highlighted.
2) EcoR1 restriction enzyme added (outline of separation about to occur).
3) Restriction fragments separate, with “sticky ends” at each edge.

Adding DNA Ligase

Sticky Ends



DNA ligase bonds sticky ends cut with the same restriction enzyme.



Sticky ends cut with different restriction enzymes will not bond together.
 Why?

 Because the base pair sequence of the two sticky ends will be
different and not match up.

Origins of Restriction Enzymes
1) Bacteria produce restriction enzymes to
protect against invading viral DNA/RNA.

Origins of Restriction Enzymes
2) The enzymes cut the invading DNA/RNA,
rendering it harmless.

DNA From Two Sources
(Restriction Sites Labeled)

Plasmid (Circular DNA)

Linear DNA

Application of Restriction Enzymes

Adding DNA Ligase

Recombinant DNA Plasmid
• Many possible
recombinant DNA
plasmids can be
produced, but this was
the desired plasmid for
the experiment.

Many Other Recombinant
Possibilities

…and many more!

Recombinant DNA Technology
Making a
Recombinant Protein
1. Gene for desired protein cut out of
chromosome using a restriction
enzyme
2. Same restriction enzyme is used to
cut open a plasmid (cloning vector)
3. DNA segment is inserted into the
opened plasmid using ligase to seal
the DNA backbone, creating a
recombinant plasmid
4. Recombinant plasmid is inserted
into a bacterium (cell transformation)
and allowed to reproduce and
synthesize the desired
recombinant protein

recombinant
protein

Plasmid DNA Insertion
DNA plasmids can be inserted into bacteria
using a variety of laboratory processes.

Transgenic Colony Allowed to Grow

How Do We Get the Desired Plasmid?
Recombinant
plasmids

Transformation of
bacterial cells through
electroporation.

Bacteria are then moved to a growth
plate, and grown on selective media
to “weed out” cells that have not
picked up the desired plasmid.

• Restriction fragments will
ligate randomly, producing
many plasmid forms.
• Bacterial insertion would be
necessary, then colony
growth, and further testing to
isolate bacteria with the
desired plasmid.

Recombinant DNA Technology
Bacteria containing recombinant
DNA can be used to manufacture
synthetic protein products called
Biologics (for example, insulin and
human growth hormone)
Bacteria are grown in vats. As they
grow and divide, they produce the
proteins from genes inserted into
their genomes along with their
normal proteins.
The synthetic proteins are purified
from the batch.

Summary
Scientists use this technology to make
biologics – artificially manufactured proteins
made by moving naturally occuring or manmade genes into bacterial host cells.

1) Gene is removed from source organism
and may or may not be genetically
altered by scientists
• restriction enzymes are used to cut
the gene out of the source DNA
2) Gene is inserted into a plasmid (a small,
circular piece of DNA that resides in
bacterial cells)
• restriction enzymes are used to cut
open the plasmid
• Ligation is used to “paste” gene into
plasmid
3) Plasmid is insterted into host bacteria
• cell transformation is used to “push”
plasmid into bacterial cell
4) The transformed bacteria with recombint
DNA is grown in large vats
5) The protein product of the gene is
isolated from the mix
Click here for ANIMATION
https://www.youtube.com/watch?v=x2jUMG2E-ic

Recombinant DNA Technology
Recombinant DNA can be inserted directly
into cells or be delivered via bacteria or
viruses.
New variations of plants and animals can be
created using these genetic engineering
techniques.
Transgenic Organisms - plant, animal, or
bacteria that has been genetically modified
to contain a gene from a different species
Genetic engineering is used to modify foods
in order to:
• Increase crop yield
• Increase shelf life
• Increase market desirability
(color, texture, flavor, size, etc)
• Increase nutritional value
• Resist weather variables
(freezing, drought, etc)
• Resist crop pests and diseases

A gene from Bacillus thuringiensis for a
natural insecticide can be inserted into:
• Corn plants directly (genetically
modified food), or
• Pseudomonas fluorescens, a different
bacteria that grows on corn plants

Transgenic Organisms
Recombinant DNA can be inserted
directly into cells or be delivered
via bacteria or viruses.
New variations of plants and
animals can be created using these
genetic engineering techniques.
Transgenic Organisms - plant,
animal, or bacteria that has been
genetically modified to contain a
gene from a different species

Pseudomonas putida contains genes for
breaking down oil which are being recombined
into other species in order to develop bacteria
that help clean up oil spills

Transgenic Organisms
Recombinant DNA can be inserted
directly into cells or be delivered
via bacteria or viruses.
New variations of plants and
animals can be created using these
genetic engineering techniques.
Transgenic Organisms - plant,
animal, or bacteria that has been
genetically modified to contain a
gene from a different species
The Eyes of Nye - Genetically
Modified Foods (25 minute video)
https://www.youtube.com/watch?v=GKm2Ch3-Myg

What are some important ethical considerations
regardling GMO’s (Genetically Modified Organisms)?

Recombinant DNA Technology
Gene Therapy - the insertion of genes into an individual's cells and tissues to
treat a disease. Currently scientists are working on building viruses to deliver
these therapies.
1) Angelique’s Story https://www.youtube.com/watch?v=I_NZfk6lk1A
2) UCLA Researchers Seek New Treatments for "Bubble Boy" Disease
https://www.youtube.com/watch?v=86UaAjTV9GI

Used first time in 1990 to treat severe
combined immunodeficiency
syndrome (SCID) – removed
defective bone marrow and inserted
“good gene” into these cells and then
put it back into the patient.

Biotechnology & Genetic Engineering
• What is Biotechnology? What is Genetic Engineering
• Restriction Enzymes and Ligase (cutting and pasting DNA)
• Genetic Engineering & Recombinant DNA
 Transforming Cells
 Biologics
 Genetically Modified Foods
 Gene Therapy
• DNA Extraction (removing and isolating DNA)
•
•
•
•

Polymerase Chain Reaction (PCR) (Copying DNA)
Gel Electrophoresis (Separating DNA) and DNA Fingerprinting
Sequencing DNA
Cloning

• Stem Cells
• The Human Genome Project

DNA Extraction

The DNA extraction buffer contains salt which forms Na+ ions in solution and shield the
negative charges of the DNA backbone allowing it to separate and form a precipitate in
polar solutions

Polymerase
Chain
Reaction
(PCR)

Used to make many copies of
a segment of DNA from very
little source DNA
http://www.dnalc.org/view/15475-The-cycles-of-thepolymerase-chain-reaction-PCR-3D-animation.html

Gel Electrophoresis
• Separates proteins or fragments of DNA based on size
• Electricity moves molecules from – towards + electrodes
• Gel retards progress so that gradient can be observed

• A marker is used for size comparison
• A stain is used to make proteins/DNA visible

http://www.dnalc.org/ddnalc/resources/electrophoresis.html

DNA Fingerprinting using Gel Electrophoresis
1.

DNA is cut up using restriction enzymes
 Results in different sized pieces determined
based on the genetic variation between individuals

Restriction Enzymes
cut DNA at specific
sequences, forming
fragments

DNA Fingerprinting using Gel Electrophoresis
1.

DNA is cut up using restriction enzymes
 Results in different sized pieces determined
based on the genetic variation between individuals

2.

Fragments are run on a gel via gel electrophoresis
 Forms a pattern of bands unique to each person

DNA Fingerprinting using Gel Electrophoresis
1.

DNA is cut up using restriction enzymes
 Results in different sized pieces
determined based on the genetic
variation between individuals

2.

Fragments are run on a gel via
gel electrophoresis
 Forms a pattern of bands
unique to each person

3.

Bands are compared to determine
if a person is a genetic match

Sequences DNA
• How do scientists figure out the nucleotide sequence of a gene?
(That is, how do they know the order of the C, G, T, and A?)
• Sanger method was developed first – click here for animation
1) DNA is heated so that it separates

https://www.youtube.com/watch?v=SRWvn1mUNMA

Sequences DNA
• How do scientists figure out the nucleotide sequence of a gene?
(That is, how do they know the order of the C, G, T, and A?)
• Sanger method was developed first – click here for animation
1) DNA is heated so that it separates

https://www.youtube.com/watch?v=SRWvn1mUNMA

2) A primer is added to get DNA synthesis started

Sequences DNA
• How do scientists figure out the nucleotide sequence of a gene?
(That is, how do they know the order of the C, G, T, and A?)
• Sanger method was developed first – click here for animation
1) DNA is heated so that it separates
2) A primer is added to get DNA synthesis started
3) Nucleotides are added along with DNA polymerase so that each template strand is
used to build a complementary strad. But some of the nucleotides are modified so
that they terminate DNA synthesis – these bases are tagged so that they can be easily
identified later

Sequences DNA
• How do scientists figure out the nucleotide sequence of a gene?
(That is, how do they know the order of the C, G, T, and A?)
• Sanger method was developed first – click here for animation
4) The process is repeated many times so that many DNA fragments are created. Each
fragment ends in a “special” nucleotide that is tagged to ID it as an A, G. C. G.

Sequences DNA
• How do scientists figure out the nucleotide sequence of a gene?
(That is, how do they know the order of the C, G, T, and A?)
• Sanger method was developed first – click here for animation
5) All of the fragments are run through a gel and separated by size. Since the last
nucleotide on each fragment can be identified, the sequence of the A, G, C, and T
can be deduced by the order of the size of the fragments.

Sequences DNA
• How do scientists figure out the nucleotide sequence of a gene?
(That is, how do they know the order of the C, G, T, and A?)
• Sanger method was developed first – click here for animation
1) DNA is heated so that it separates
2) A primer is added to get DNA synthesis started
3) Nucleotides are added along with DNA polymerase so that each template strand is
used to build a complementary strad. But some of the nucleotides are modified so
that they terminate DNA synthesis – these bases are tagged so that they can be easily
identified later
4) The process is repeated many times so that many DNA fragments are created. Each
fragment ends in a “special” nucleotide that is tagged to ID it as an A, G. C. G.
5) All of the fragments are run through a gel and separated by size. Since the last
nucleotide on each fragment can be identified, the sequence of the A, G, C, and T
can be deduced by the order of the size of the fragments.

• More recent methods are a lot faster

Cloning
1. Remove nucleus from donor egg
2. Insert nucleus from individual you are
attempting to clone into the donor egg
(or fuse the cells together)

3. Add chemicals to induce mitosis
(send fertilization signal and other
growth signals)
Reproductive Cloning – goal is to make an
entire cloned organism
Therapeutic Cloning – goal is to create
embryonic stem cells that can be used to grow
replacement tissues

Stem Cells
Stem cells are cells that can divide and grow
to form multiple different types of cells based
on the chemical instructions they receive from
other cells
 Can be artificially directed to form tissues
 Embryonic (totipotent) stem cells have
the potential to become any tissue type
 Adult stem cells have the potential to
become any tissue type in their cell lineage
(Ex: hemapoetic cells can
become red blood cells or
one of many types of white
blood cells)

Differentiated cells are mature
cells that have achieved their
final state (Ex. a red blood cell)
The Eyes of Nye: Cloning & Stem Cells (25 min)
https://www.youtube.com/watch?v=W4vOPaonZng

The Human Genome Project
• International effort to sequence the entire Human Genome
• Coordinated by the U.S. Department of Energy and the National
Institutes of Health
http://www.ornl.gov/sci/techresources/Human_Genome/home.shtml

• Began in 1990, Completed in 2003
• Next steps:
– Figure out where genes start and stop
– Figure out which proteins each gene codes for

• NOVA: Cracking the Code of Life
http://www.pbs.org/wgbh/nova/genome/program.html

http://www.pbs.org/wgbh/nova/genome/sequ_flash.html

Cracking the Code of Life
http://www.pbs.org/wgbh/nova/genome/program.html
• Introduction
 Instructions for a Human Being
• Genetic Diseases (Tay Sachs Disease, Cystic Fibrosis, Breast Cancer)
 One Wrong Letter
 Finding Cures is Hard
 A Family Disease
• Genetically Modified People and Foods
 Genetic Modification
• The Human Genome Project
 Getting the Letters Out
 The Finish Line
 Who Owns the Genome
• Evolution & Genetic Variation
 Genetic Variation

Web Resources
McGraw Hill’s Biotechnology Animations
• http://highered.mcgraw-hill.com/sites/0072437316/student_view0/chapter16/animations.html

PCR
• http://www.youtube.com/watch?v=ZmqqRPISg0g
• http://www.dnalc.org/resources/animations/pcr.html

Gel Electrophoresis
• http://www.dnalc.org/ddnalc/resources/electrophoresis.html
• http://www.dnalc.org/resources/animations/gelelectrophoresis.html
• http://learn.genetics.utah.edu/content/labs/gel/

Recombinant DNA
• http://www.bioteach.ubc.ca/TeachingResources/Applications/GMOpkgJKloseGLampard2.swf
• http://webapps.css.udel.edu/biotech/rDNA.html

Stem Cells
• http://www.sumanasinc.com/scienceinfocus/sif_stemcells.html
• http://www.dnalc.org/resources/animations/stemcells.html

Human Genome Project
• http://www.ornl.gov/sci/techresources/Human_Genome/home.shtml
• http://www.pbs.org/wgbh/nova/genome/program.html
• http://www.pbs.org/wgbh/nova/genome/sequ_flash.html

