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Antibodies 
Prolific Immunoproteins 

Immunoglobin	


Human Genome ~20,000 proteins ���

Combinatorial syntheses from libraries of
 250, 10, and 6 possible contributors	


• E = Enzyme; S = Substrate 
• Enzyme Activity is reduced by inhibitors. 
• Four types of inhibitors: 
•   Reversible, Irreversible, Competitive, Non-competitive 

• Equilibrium Constant & Free Energy 
•   K[ES]eq = 10-2 to 10-6 ;  Free Energies -3 to -12 kcal/mol 
•   vs. covalent bonds -50 to -110 kcal/mol 

• Effectors increase enzyme activity. 

Acetylcholine, Nerves & Neurotransmission	

The Neuron: Shapes and Spaces	
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Acetylcholine: OP Pesticides and Nerve gases	


Richard Short (Cornell University) 

Trypsin: Hydrolysis	


Fe 2+ 

•  Heme is the coenzyme that binds
 oxygen in hemoglobin (transport)
 and myoglobin (storage in
 muscles)	


•  Molecule surrounding the iron is a
 type of porphyrin. 	

•  Important in Photodynamic therapy
 (PDT)	

•  The U.S. would still be a British
 colony except for porphyria, a medical
 condition in “blue bloods”.	


The quaternary structure of hemoglobin 
  (A tetramer) 

Heme 
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Allosteric Effects 
•  Hemoglobin transports and myoglobin stores oxygen in

 mammalian cells.  
•  Myoglobin is monomeric; hemoglobin is tetrameric  
•  Mb: 153 amino acids, 17, 200 da  
•  Hb: two alpha units of 141 residues, 2 beta units of 146 
•  Oxygen binding curves show the relationship of hemoglobin

 and myoglobin. The two proteins are in a complex
 equilibrium.  

Globular Proteins: Enzymes / Genomic Control: DNA 

Sickle Cell Anemia 

http://chemconnections.org/Presentations/Columbia/slide8-3.html 
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Another Way to Inhibit Enzymes	

The Importance of Shape	


Statins:	

Inhbiting
 cholesterol
 biosynthesis	


Hemoglobin and Oxygen Transport	

An allosteric effect & sickle cell anemia	


BPG	


Oxygen	


http://chemconnections.org/Presentations/Columbia/slide8-3.html	


•  Molecular exclusion/gel filtration
 chromatography!

•  Amino Acid Sequencing!
•  Mass Spectrometry!
•  X-ray Crystallography!
•  NMR!
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Gel filtration"

Unknown
 protein
 elutes at
 170 mL:"
What is its
 relative
 molecular
 weight?"

40,000 Da (40KDa)"

http://chemconnections.org/organic/Movies%20Org%20Flash/gel-electrophor.swf 

•  Enzymatic cleavage!
❏  Trypsin ! ! !C-term. of R and K!
❏  Chymotrypsin ! !C-term. of F, Y, W, L!
❏  Endoproteinase Lys-C !C-term. of K!
❏  Endoproteinase Arg-C !C-term. of R!
❏  Pepsin ! ! !N-term. of F and Y!
❏  Carbopeptidase! !C-term.!

•  Chemical cleavage!
❏  Cyanogen bromide !C-term of M!

Enzymatic  cleavage"
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Enzyme: ER-α 

Inhibiting a cancer cell’s division 

“Andro”, Androstenedione*  

Inhibiting a cancer cell’s division 

Cytochrome p450  
Exemestane  Androstenedione  

Aromatase: Cytochrome p450  
Letrozole  Anastrozole  
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Animal Cell 

Rough ER Smooth ER 

Centrosome 

CYTOSKELETON 

Microfilaments 

Microtubules 

Microvilli 

Peroxisome 

Lysosome 

Golgi apparatus 

Ribosomes 

In animal cells but not plant cells: 
Lysosomes 
Centrioles 
Flagella (in some plant sperm) 

Nucleolus 

Chromatin 

NUCLEUS 

Flagelium 

Intermediate filaments 

ENDOPLASMIC RETICULUM (ER) 

Mitochondrion 

Nuclear envelope 

Plasma membrane 

•  Mitosis (Newt lung cell) 
•  http://www.bio.davidson.edu/misc/movies/mitosisnewt.mov 

PBS/Nova: mitosis vs. meiosis (sexual reproduction) 
http://www.pbs.org/wgbh/nova/miracle/divi_flash.html 

Cells characterized by abnormal growth & dysfunctional
 regulatory mechanisms. 
(Disrupted homeostasis)
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• Benzene is classified as a Group A, human
 carcinogen by the EPA.  
• Increased incidence of leukemia has been
 observed in humans occupationally exposed to
 benzene.   
• Chronic inhalation has caused various blood
 disorders, including reduced red blood cell
 count and aplastic anemia. 
• Reproductive effects have been reported for
 women exposed to high levels by inhalation.  
• Adverse effects on the developing fetus have
 been observed in animal tests.   
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•  The cytoskeleton of a cell consists of a network of 
fibers extending throughout the cytoplasm 

Microtubule 

0.25
 µm Microfilaments 

•  Mitotic Inhibitors: 

What are the chemical functions and their respective names in the
 structures? How could the functions be determined experimentally?

 How could the entire 3-d structure be identified? 

•  Mitotic Inhibitors: 
Vinca alkaloids: vinblastine, vincristine, et. al. 

What are the chemical functions in the two structures? 
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•  Comparing the DNA sequence of a patient’s (Dr. Waterman’s) 
normal cell to the cancerous cell: 

What is the genetic difference in the DNA sequences? 

•  FLT3 protein: 

•  Blocking the receptors 

What are the chemical functions in Sunitinib? 

N-(2-diethylaminoethyl)-5-[(Z)-(5-fluoro-2
-oxo-1H-indol-3-ylidene)methyl]-2,4
-dimethyl-1H-pyrrole-3-carboxamide 

Sunitinib (Sutent) 

~$200/ pill (~$50,000/ yr) 

•  Blockers of FLT3 receptors 

What are the chemical functions and stereochemical centers in the FLT3
 blockers above? 

How can these structures be verified? 

Sorafenib 

Quizartinib  

Midostaurin 

•  Accessing/purchasing your DNA sequence: 
https://www.23andme.com 

http://well.blogs.nytimes.com/2012/12/31/carrying-a-cancer-gene-
unsure-i-want-to-know/?ref=health?src=dayp 


