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Twenty-First Century Genetic Engineering 

Applications 



There Are Numerous Applications of Genetic Engineering – 
Many Have Been Discussed in Class To Date 

Applied Uses 

Basic Sciences 

1. 

2. 

3. 

4. 

5. 
Genomics 6. 

1. 

2. 

3. 
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Drugs & Vaccines 



Recombinant Drugs Made In Bacteria And Mammalian 
Cells To Treat Human & Animal Diseases 

E. coli 

Mammalian Cells 
Why? 



Manufacturing Recombinant Drugs Requires Industrial-Scale 
Facilities For Growing Genetically Engineered Cells 

2. Scaling Up Production 1. Cloning Synthetic cDNAs (e.g., Insulin cDNA) 

3. Purification 4. FDA Approval & Sale 



Must Have FDA Approval of Recombinant Drug Production 
Process, & Drug Safety, and Use 





How Can the FDA Regulate 
Drug Approval? 

 
“We the People of the United 

States, in order to form a more 
perfect Union, establish justice, 

insure domestic tranquility, 
provde for the common defense, 

promote the General 
Welfare……” 



Article I - Section 8.1 of the  
US Constitution 

 
The Congress shall have the Power: 
[1] “To lay and collect Taxes, Duties, Imposts, 
and Excises, to pay the Debts and provide for 
the common Defense and general Welfare of the 
United States; but all Duties, Imposts, and 
Excises shall be uniform throughout the United 
States” 

Key Concept: Provide For the General Welfare-Which Can 
Apply to Almost Everything Dealing With Science, Health, 

Medicine,  Agriculture, and Safety! 



Drug Testing For FDA Approval is a LONG and COSTLY Process 

What If There Was No Patent Protection For Drugs? 

$1 Billion!!! 



1.  Article I - Section 8.8 
 
The Congress shall have the Power: 

 
[8] “To Promote the Progress of 
Science and the useful Arts, by 
securing for limited Times to Authors 
and Inventors the exclusive Right to 
their Writings and Discoveries” 

Keyword: Inventors not Science.   
Wanted to Promote Economic Development & 
Promote a National Economics Policy Grounded 

in Property Rights. 
That is,  Entrepreneurship! 

PATENTS!! 



Over the Past 50 Years Vaccines and Antibiotics Have 
Been Essential in Combating Infectious Diseases  

Polio 



One Fourth of the Annual Deaths Word-Wide Are 
Caused By Infectious Diseases 



Bacterial Diseases That Are Vaccine Targets 

DTaP Vaccine – Diptheria, Tetanus, Pertussis 
Corynebacterium diptheriae, Closteridium tetani, & Bordetella pertussis 

 
All students entering, advancing or transferring into 7th grade need proof of an adolescent  

whooping cough booster immunization (called “DTap”) 



Viral Diseases That Are Vaccine Targets 



Bacterial & Viral Diseases Can Be Prevented 
Using Vaccines!!!!! 

DTaP Vaccine – Diptheria, Tetanus, Pertussis 
Corynebacterium diptheriae, Closteridium tetani, & Bordetella pertussis 

 
All students entering, advancing or transferring into 7th grade need proof of an adolescent  

whooping cough booster immunization (called “Tdap”) 
 

How Can There Be a Law REQUIRING Vaccinations? 



Edward Jenner Using Cowpox to Vaccinate a Child Against Smallpox 

~1797 Vaccine From Vacca or Cow 



In 1776 George Washington Lost 1,000 Men to Battle 
And 100,000 Men to Smallpox! 

 
Washington Had His Army Innoculated With a Small Amount of Fluid From a  

Smallpox Victim and the Smallpox Rate Went Down 
 

Smallpox Was One of the First Biological Warfare Agents-Having Been 
Used For Centuries 

 
Responsible For 300-500 MILLION Deaths in the 20th Century 

 



The Last Reported Case of Smallpox in US was in Was 
Reported in 1949 & in World in 1977 – Smallpox Vaccinations 

Are No Longer Given.  Smallpox Virus Destroyed in 1980!   
What About Monkeypox? 

Smallpox is the Only Human Infectious Disease That  
Has Been Eradicated Globally 

186,000 bp dsDNA Genome 



What About Polio? 

7500b RNA Genome 



California Vaccination Requirements 



California Vaccination Requirements 







Should Parents Be Allowed To 
Exempt Their Children From 
Required Vaccinations?  
 
a. yes 
b. no 







DNA 
Fingerprints 
Were Used 
To Find the 

Source of the 
Strain – Rare 
Ames Strain 

Where Did 
the Anthrax 
Strain Come 

From? 









Using Genetic Engineering To Produce Vaccines Can Play a Big Role 
in Combating Bioweapons 





Using Genetic Engineering To Make Vaccines 

Clone Pathogenic 
Antigen Gene in 

E. Coli or 
Other Host (e.g., 

Yeast, Virus) 
And Synthesize 

Large Amounts of 
Antigen 



Recombinant Vaccines Are Being Developed To 
Combat Many Pathogens 

But a Vaccine To The 
AIDS Virus Remains 

Elusive!! 

HIV Destroying T-Cells 



Genomics Can Provide Valuable Information About Pathogen 
Protein Targets For Vaccine Production 



Comparison of Pathogenic and Non-Pathogenic E. coli Genomes 

Potential 
Pathogenicity 

Genes/Proteins 

Potential 
Pathogenicity 

Genes/Proteins 

E. coli O157:H7 was first recognized as a foodborne pathogen in 1982 during an 
investigation into an outbreak of hemorrhagic colitis (bloody diarrhea) associated 

with consumption of contaminated hamburgers (Riley, et al., 1983).  The 
following year, Shiga toxin (Stx), produced by the then little-known E. coli 

O157:H7, was identified as the real culprit.  

75,000 Illnesses 
& 650 Deaths 
Due To E. coli 

H0157 
& 

72 Million 
Illnesses & 

5,000 Deaths 
Due to All 
Foodborne 
Diseases 
In US!!! 

A BIG PROBLEM 

http://www.cdc.gov/ncidod/eid/Vol5no5/mead.htm 



Understanding Pathogen Genes and Infection Process Leads to New Drugs 
For Example – A New Anthrax Drug Just Released 

Nature Biotechnology 
January, 2013 



Synthetic Biology Can Be Used  
to Rapidly Synthesize Vaccines 



Antibiotics 



Antibiotic Resistance Is Also A Major Problem 
in Combating Pathogens 

Methicillin Resistant 
Staphlococcus aureus 

MRSA!! Scientific American, May, 2001 

Griffith’s & Avery’s Bacteria 





Antibiotic Resistance Is Also A Major Problem 
in Combating Pathogens 



A Review………How Do Antibiotics Kill Bacterial Cells? 

By Inhibiting Basic Microbial Cell Processes 

Penicillin 
Vancomycin 

Tetracycline 
Streptomycin 
Erythromycin 

Rifampin 
Quinolones 



Genetic Engineering Can Be Used To Make 
Better/More Effective Antibiotics 

By Modifying 
Pathways 

Leading to 
Antibiotics 

In Bacterial Cells. 
But Need To Know 
Genes/Proteins in 

Pathway 
&  

By Finding Their 
Targets 

In  
Pathogens As Well 



Industrial & Food Products 



Bacteria & Other Microbes Are the Source 
Of Many Different Products 

Specific Proteins and/or 
Metabolic Pathways Can 

Be Improved and/or 
Manipulated By 

Recombinant DNA! 



Metabolites Are Produced By Cellular Pathways That Use 
Specific Enzymes and  Genes To Synthesize Specific 

Small Molecules 

Butanol 
or 

Ethanol 



Engineering E.coli Pathways To Make BioFuel 



Bacteria Can Be Engineered To Degrade 
Biomass Waste-Containing Cellulose (e.g., paper) 

⊕  Energy 
For Us!! 

Agriculture, Timber Processing, Human Activities: e.g., Plants Left Over From Harvests, 
Animal Manure With Grasses, Municipal Water Paper, Cotton Leftovers, Hay, Etc.  

Energy for Bacteria 

Green Waste! 



Engineering E.coli To Synthesize Indigo- The Major 
Blue Dye For Jeans & Other Clothes & Uses 

$200M/Year Industry 
Indigo Previously Obtained From Plants! 

E. coli Gene 

Pseudomonas Gene 



Bacteria Can Be Engineered To Degrade Several 
Different “Toxic” Compounds 

A Landmark Decision- Diamond vs. Chakrabarty 

Chakrabarty US Patent 4,259,444  1981 
Genetically Engineered Microorganisms 

Are “Inventions” 

Life Can Be Patented ! 

Pseudomonas 



Recombinant Chymosin Is Used To Make Cheese 

Is Cheese A GMO? 

Chymosin (Rennin) 
Acts On Milk 
Proteins To 

Coagulate Milk → 
Cheese 



Chymosin In Cheese Making 
1.  ~80-90% of Cheeses Are Made With 

Recombinant Chymosin (a Protease) 
2.  Approved For Use In Cheese Making By FDA - 

1992 

3.  Not Different From Non-Recombinant Chymosin-  
    ∴ GRAS- Generally Regarded As Safe & No 

Labeling Needed — Because Not An Additive & 
Not Different From Non-Recombinant Chymosin!! 

Is Cheese Made Using Recombinant Chymosin a GMO? 

Industry Adds Claim That Recombinant Chymosin is 
“Kosher” & “Vegetarian” 

Why No Fuss? 



Extraordinary precautions were taken before chymosin, made by recombinant 
DNA technology, was marketed. Regulators ensured that no toxins of any 
kind had been introduced and that no live recombinant organisms were 

present. Indeed, the product contained nothing but pure chymosin. Cheese made 
with it is completely indistinguishable from that produced with animal rennet. In 

any case, chymosin itself is degraded during cheese making and none is left in the 
finished product. Today, in North America, over 80 percent of all cheese is made 
using chymosin produced by recombinant DNA technology. Cheese makers no longer 
have to worry about a shortage of calf stomachs and turophiles can satisfy their 

critical tastebuds. Thanks to biotechnology they can "say cheese" and smile. 

FDA Approval of Cheese Made With Recombinant Chymosin 



Cancer Treatment & 
Discovery 



Over 10% of Annual Deaths Word-Wide Are Caused By 
Various Types of Cancer 



Figure 20-2  Molecular Biology of the Cell (© Garland Science 2008) 

Frequency of Different Cancer Types 



Figure 20-7  Molecular Biology of the Cell (© Garland Science 2008) 

The Frequency of Cancer Increases With Age 



Vaccines Can Also Be Made To Treat 
Cancer - Checking Abnormal Cell Division 

Normal Cell Division 

Normal Cell Cycle 



Check Points Controlling Cell Division  



Mutations in Check Point Genes/Proteins Lead To Cancer 
– Cancer is a “Gene Mutation” Disease 



Recombinant Vaccines Are Being Developed To Fight Cancer 

Genetic Engineering Step 

Cancer Cell Being 
Destroyed By T-Cell 
Containing Cancer-

Cell-Specific Antibody 



Trastuzumab® or Herceptin® 

Using Herceptin® to Treat Breast Cancer 

Dr. Dennis Slamon, UCLA Jonsson Cancer Treatment Center"

VaccineTarget 



The Cancer Genome Project Is Mapping Tumor-Specific 
Genes To Find Drug Targets 

Sequencing Costs Have Dropped Exponentially Allowing the Genome 
Sequence of Specific Tumors – As They Progress – To Be Sequenced 

In Order To Identify The Mutated Genes Causing the Cancer 





The Cancer Genome Project Is Mapping Tumor-Specific 
Genes To Find Drug Targets 

Possible 
Drug  

Targets 



Animals (and Plants) Can Also 
Be Engineered For Applied 

Purposes 



Using the Mouse as a Model to Determine 
the Function of Human Genes 



Human and Mouse Genomes 99% Similar 
∴ Can Study Human Genes Using Mouse as a Model 



How Many Human Disease Genes Have Been Identified? 

There are ~25,000 Genes in The Human Genome 
 
1.  ~4034 Genes Correlate With a Disease Phenotype 
2.  The Molecular Basis of These Genetic Diseases Are Known 

(e.g., Sickle Cell Anemia, Hemophilia A) 
3.  ~1717 Disease Genes – Molecular Basis Unknown 

OMIM 2/13/14 



The Human Genome Contains ~25,000  
Different Genes 

Do Not Know Functions of 
Most Human Genes!   

How Find? 



Genetic Engineering Mice and Other Mammals 
1. Egg DNA Injection  2. Embryo Stem Cell DNA Transformation 

Both Methods Alter the Germ Line (i.e., Genes are Inherited) 



Mouse Genes Related to Those in the Human Genome Can be  
“Knocked Out” In Order to Determine Their Functions 

Insertional 
Mutagenesis 

(Similar to Mutating 
the β-gal gene 

Producing White 
Colonies) 

Gene Related to a Human Disease Gene 

Mutant Gene  

Transfer to 
Mouse 

& Observe  
Phenotype  



Animals Can Also be Used as Factories to 
Produce Large Amounts of Human Proteins 

1. Many human proteins need to be 
modified after translation to be 
active.  Only eukaryotic cells can do 
this. 

2. Bacteria need big fermentors + 
elaborate protein purification 
schemes--Farm animals can be used 
for this purpose w/o special 
processing/machinery. 

3. Proteins stable, can be made in 
large amounts, and purified easily 

Advantages of Molecular Pharming Where is 
Switch 
Active? 



Genetically Engineered Drug-Producing Mammals  
Can Also Be Cloned 

Somatic Cells 
Can Also Be 
Genetically 

Engineered and 
Then Inserted 

Into Egg 



Examined Data From Seven Generations of Genetically Engineered Goats 

Issues 
Food Supply? 
Containment? 

Animal Health? 
Effective Drug? 



Making Recombinant Human Proteins in Animals 

Advantages over 
Bacteria? 

!!! 



And Don’t Forget Plants! 

Elelyso® Made in Engineered Carrot Cells 
To Treat Gaucher’s Disease – A Lysosomal 
Storage Disease That Prevents Molecules 

From Being Degraded and Disposed of Properly 
in Cells – 100x Prevalence in Ashkenazi Jews.  

Gene on Chromosome 1, and Encodes a 
Glucocerebrosidase. 

Advantages of Plants? 



Other Transgenic Animals Have Been Generated 



Genetic Engineering Fast Growing Salmon 

AquaBounty® 



Producing Genetically Engineered Salmon 



Genetically Engineered Salmon Are Sterile 



Another GMO “Controversy” 





How 
To 

Assess 
Risk? 

NRC Report — Biological Confinement of Genetically Engineered Organisms (2004) 



What Are The Issues? 

And will be grown in cages far from natural salmon habitats! 



12/26/12 



How Genes Work & What Are Genes 
In Context of… 

1.  What is a Gene? 
2.  What is the Anatomy of a gene? 
3.  How Does the Gene Replicate? 
4.  How Does the Gene Direct 

Synthesis of a Protein? 
5.  Does the Gene Work 

Independently of other Genes? 
6.  What is the Sequence & 

Structure of the Protein? 
7.  How does it work in cell? 
8.  Does the Protein Structure imply 

any Potential “Harm”? 
9.  Does the Gene Change the 

Organism? Fitness? 
10.  Is the Environment Harmed? 
11. Does the “Benefit” Outweigh 

the Cost? 

Need Science- 
Based Questions & 

Science-Based 
Solutions-NOT 

OPINIONS! 

Thinking About The Consequences of GMOs 



Professor Frank Furedi, University 
Of Kent, England 

Professor Frank Furedi, University 
of Kent, England 

Professor Frank Furedi, University 
of Kent, England 

Professor Frank Furedi, University 
Of Kent, England 


