
Amino Acids	

Legos of Chemical Biology	


Amino acids contain carbon, hydrogen, oxygen, and nitrogen,
 which resemble the following shapes & structural components!

• 20 different amino acids are encoded by the genetic code, which is
 archived in DNA.!

• Hundreds of amino acids link together to form proteins, which provide
 the physical structure and chemical machinery for life.!

• There are less than 20,000 total proteins produced from humans’
 entire DNA genome, each coded by a specific gene in DNA’s ~3 billion
 genetic bases.!

Lewis Structures → Molecular Shapes ���
 Molecular Models for C, H, N, O	


  Fundamental repeating shapes found in every
 biological molecule!

C =black!
H = gray!
N = blue!
O = oxygen!

pink =
 generic
 atom!

4,496
 atoms;
 4,404
 bonds!
574 amino
 acid
 residues!

Proteins: Indispensible Biopolymers	

Acetylcholinesterase (ACE)	


ACE, an enzyme, which catalyzes a key reaction in a
 repetitive biochemical cycle that is crucial to
 neurological and physiological functions in
 humans…. and insects among others.!

Proteins & Small Molecules	

Acetylcholinesterase	


Two images with Sarin, a potent nerve agent, which
 inhibits acetylcholinesterase, and causes
 convulsions and death if not antidoted with atropine.!
Sarin!

Proteins & Small Molecules	

Acetylcholinesterase	


The ACE enzyme has a receptor, a site in the molecule defined
 by the 3 amino acids in the image on the right. It binds
 acetylcholine, which then hydrolyzes. Sarin out competes
 acetylcholine, binds, and the enzyme cannot work.!



Proteins & Small Molecules ���
Acetylcholinesterase	


http://chemconnections.org/general/movies/richard.mpg!

Sarin Attacks:!
Japan  
(1995)!
Syria

 (2013-2018)!
Great Britain!

(2018)!

Structure-Odor Relationships	

Karen J. Rossiter, Chem. Rev., 1996, 96, 3201-3240	


Vanillin (Smell)!
Sensitivity ~ 1 x 10-5

 mol / L air!

If 1.0 gram of vanillin was placed in an
 open container at center court in the
 Oakland Coliseum and dispersed, it

 might be possible to detect it sitting in a
 seat in the top row. !

Vanillin (C8H8O3)  
Smell detection limit 

~ 1.0 x 10-5 mol / Literair!

QUESTION!

How many grams of vanillin
 would there be per Literair

 assuming that vanillin’s
 concentration was at its

 detection limit?!

A) 0.015 g"
B) 1.5 mg"
C) 3.0 mg"
D) 0.030 mg"



Opioid Addiction!

https://www.sciencedaily.com/releases
/2007/10/071014163647.htm!

Heroin!

Neurologically active drugs like
 opioids mimic neurotransmitters
 that are naturally produced in the
 body, such as endorphins, which
 slow breathing, block pain and
 produce a calming, pleasant, !
anti-depressing sensation. !

However, opiates bind to receptors
 and flood the nervous system with
 dopamine, which regulates
 pleasure among other emotions &
 functions, producing a level of
 euphoria that stimulates a craving
 for more and more, which can
 never be satisfied!!!!!

Dopamine!

4N6H: Structure of human delta
 opioid receptor!

DOI: 10.2210/pdb4N6H/pdb!
Classification: SIGNALING PROTEIN!
Organism(s): Escherichia coli, Homo sapiens! Trans-membrane!

Molar Mass: 52,088.38 g/mol;
 Atoms: 3,481; !
Amino Acid Residues: 414!

Opioid receptor agonist!

 Agonist: A substance
 that initiates a physiological
 response when combined
 with a receptor.!

Opioid receptor inhibitor!
(antagonist)!

http://chemconnections.org/general
/movies/106-nicotine-smoking.mov!


