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Introductions

• Name (correct me if I butcher it)

• Grade you will be in the fall

• What disease interests you the most



Causes of Death in the World

Images courtesy of the CDC and WHO







Why care about mechanisms?



Chemotherapy-Non targeted treatment

• Chemotherapy is basically poison
• It kills rapidly dividing cells like Cancer

• Understanding the mechanism of a 
particular cancer can allow the use 
of more targeted and less toxic 
therapies.

• Without mechanisms we can only 
guess

Image Courtesy of Healthline



Pharma cares about mechanisms



Review of Biology and Genetics



Pop Quiz

• What is the “Central Dogma” (ie core principle) of Biology?
A. All living things must maintain homeostasis

B. DNA->RNA->Protein

C. The transmission of genetic information via DNA

D. Natural Selection

• What macromolecule stores genetic information?
A. DNA

B. RNA

C. Proteins

D. Lipids



Pop Quiz: Part 2

• What macromolecule transfers genetic information? 
A. DNA

B. RNA

C. Proteins

D. Carbohydrates

• What macromolecule carries out most cellular functions?
A. DNA

B. RNA

C. Proteins

D. Cofactors



Central Dogma of Biology (Review)
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Interactive Questions

• What are some things that “break” the Central Dogma?

• What other molecules have chemical functionality in biology?
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Codons: Taking Nucleic Acids to Amino Acids





Hydrophobic Effect



Types of Disease we’ll cover

Physiological Diseases Infectious Diseases

Genetic Diseases Nutritional Diseases



Genetic Diseases

• Occur when one or both alleles of an essential gene(s) is/are mutated

• Types of mutations
• Silent

• Indels

• Missense

• Nonsense

• Germ line vs. Somatic mutations

• Heritable

Image courtesy of www.institut-biotherapies.fr/en/biotherapies/genetic-

diseases-and-rare-diseases/genetic-diseases/



Questions!

• What is generally worse a missense or a nonsense mutation?
• Missense

• Nonsense

• It depends

• If I go out in the sun too long, there’s a good chance the UV light may 
cause a mutation in my skin. Can I pass this on to my (hypothetical) 
kids?
• Yes

• No



Recessive/Dominant on a molecular Level

• “Loss of Function” mutations
• Function of a protein is destroyed in 1 allele

• If there is still a functional copy, the organism will appear normal

• Often give rise to recessive phenotypes

• “Gain of Function” mutations
• Function of a protein is changed in 1 allele (ie always on)

• If there is a normal copy, the organism will still have that gained function

• Often give rise to dominant phenotypes



Quick Side Note on Proteins

• Structure is important in determining function

• Protein databank

• PyMol

• Fold it



Sickle Cell Anemia

• Autosomal Recessive

• Caused by a single base pair 
missense mutation in beta globin 
subunit of hemoglobin
• GAG -> GTG causes a glutamate to 

valine single amino acid change

• This mutation causes hemoglobin 
molecules to stick together and 
form rigid rods which deform red 
blood cells

Clancy, S. (2008), PDB 6KYE



Possible treatments?



Treatments

• Blood Transfusions
• Bone marrow transplant

• Medication
• Hydroxyurea: Increases production of fetal hemoglobin
• Pain relievers
• L-glutamine: Modulates chemical redox balances, decreases sickle cells sticking to 

vessels
• https://www.youtube.com/watch?v=G1boPRrUu0I

• Voxelotor: Inhibits polymerization of sickle cell hemoglobin
• https://libproxy.mit.edu/login?url=https://www.nejm.org/do/10.1056/NEJMdo005560/full/

• Crizanlizumab: Blocks P-selectin a protein expressed on the surface of the 
endothelium (blood vessel cells) which sickle cells adhere to.
• https://www.youtube.com/watch?v=CWTW5pDPPDQ

Agrawal et al (2014), Mayo Clinic: Sickle Cell anemia, Niihara et al (2018), Vichinsky et al (2019), Ataga et al (2017)

https://www.youtube.com/watch?v=G1boPRrUu0I
https://libproxy.mit.edu/login?url=https://www.nejm.org/do/10.1056/NEJMdo005560/full/
https://www.youtube.com/watch?v=CWTW5pDPPDQ


Huntington’s Disease
• Autosomal Dominant

• Rare neurodegenerative disease

• Caused by mutations in the Huntingtin protein
• Extra CAG repeats (encoding glutamine) at the end of the first exon

• Exact mechanism is unknown but 
• Healthy individuals have 10-35 CAG repeats and more CAG repeats cause earlier development of the 

disease
• These repeats are cut by proteases and form toxic clumps that bind other proteins like CBP which 

affects gene regulation. Eventually cause neuronal cell death.

CisBio, Cohen-Carmon (2012), Frank (2014)



Possible Treatments?



Treatments

• Treatment of symptoms (no cure)
• This is the case for most neurodegenerative disorders

• Tetrabenazine (TBZ): Depletes dopamine to treat excessive 
movements
• Dopamine signaling disrupted in Huntington’s with possible loss of inhibitory 

neurons.

• Haloperidol: Blocks effects of dopamine (anti-psychotic)

• Anti-depressants

• Mood stabilizing agents

Paleacu (2007), Mayo Clinic, Chen et al (2014) 



Other Genetic Disorders

• Several metabolic genetic disorders can be treated with “enzyme 
replacement therapy”

• Many have no treatment



Questions??

• Gene editing resources:
• CRISPR: 

• https://en.wikipedia.org/wiki/CRISPR
• https://www.broadinstitute.org/research-highlights-crispr
• https://www.sciencemag.org/news/2017/02/how-battle-lines-over-crispr-were-drawn
• https://en.wikipedia.org/wiki/He_Jiankui_affair

• CAR-T
• https://www.cancer.gov/about-cancer/treatment/research/car-t-cells

• Enzyme replacement therapy resources:
• https://www.stanfordchildrens.org/en/topic/default?id=medical-genetics-

treatment-with-gene-and-enzyme-replacement-therapy-90-P02162
• https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6128977/

https://en.wikipedia.org/wiki/CRISPR
https://www.broadinstitute.org/research-highlights-crispr
https://www.sciencemag.org/news/2017/02/how-battle-lines-over-crispr-were-drawn
https://www.stanfordchildrens.org/en/topic/default?id=medical-genetics-treatment-with-gene-and-enzyme-replacement-therapy-90-P02162
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6128977/

