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ASBMB Learning Objectives 
(https://www.asbmb.org/education/core-concept-teaching-strategies/foundational-concepts/structure-function) 
1. Biological macromolecules are large and complex
· Students should be able to describe the basic units of the macromolecules and the types of linkages between them (Introductory). 
2. Structure is determined by several factors
· Students should be able to recognize the repeating units in biological macromolecules and be able to discuss the structural impacts of the covalent and noncovalent interactions involved (Introductory). 
[bookmark: _teu3fekcpobh]Amino acids:
[bookmark: _xtcgv7asvq10]Role in biology:
· Amino acids are the building blocks of proteins/peptides. When the amino acid polymer is short 20-50 amino acids in most scientific literature (2-25 amino acids in PDB related searches etc.) they are sometimes referred to as peptides, while longer polymers are called proteins.
· Amino acids to proteins: Amino acids form covalent linkages,known as peptide bonds,with each other through a dehydration reaction to form polymers. This reaction is carried out in cells at the ribosome (protein synthesis). Amino acids bound to their cognate tRNA molecules are transported to the ribosome to form proteins. 
· Proteins to amino acids: Specific enzymes called proteases can break the peptide bonds at specific sites or from one end of the protein/peptide to yield amino acids. 
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Figure 1: A generic amino acid showing the amino, carboxyl, and R-groups. Left- Chemical drawing and Right- 3D structure of the amino acid found in the Chemical Component Dictionary (maintained by the wwPDB). 	
[bookmark: _c8tiwe1lp35]Chemical structure of amino acids:
· All amino acids have an amino group and a carboxylic acid group attached to a central carbon. 
· The central carbon has a hydrogen atom and another group (ranging from a single hydrogen atom to many different types of groups, called a side chain or R group). 
· It is the properties of this R group that gives the amino acid specific properties (aromatic, aliphatic, charged, polar etc.)
· Charge: All amino acids have two ionizable groups (the amino and carboxyl groups). Some of them have a third ionizable group in the side chains. 
· The α-carboxyl (-COOH) group is acidic and can lose a proton at the pKa (between 1.8 and 2.6). So at the physiological pH it is negatively charged. 
· The α-amino (-NH 3+ ) group is basic and can accept protons at pH below its pKa (between 8.8 and 10.6). So at the physiological pH it is positively charged. 
· The side chains of acidic amino acids (Asp and Glu) have a carboxyl group with pKa ~4. At this pH the group loses a proton and becomes negatively charged. 
· The side chains of basic amino acids (Arg and Lys) gain a proton on their side chain and become positively charged. The pKa of His side chain is closer to the physiological pH (~6.1) so it is often involved in sensing small pH changes around the physiological pH. 
· Did you know that the side chains of Tyr and Cys also have pKa values at which   ionized amino and carboxyl groups of each amino acid are charged at pH 10 and 8 respectively? Learn more about pKa values and other properties of amino acids.
 
Note: The amino acids in the Chemical Component Dictionary are not charged. They are built as building blocks of proteins which lose specific atoms with the formation of the peptide bond - i.e., the carboxyl (COOH) group loses one H atom and the amino (NH2) group loses one of its two H atoms when an amino acid covalently links to another amino acid. Most structures in the PDB do not include hydrogen atom coordinates (since they can not be seen in X-ray or EM structures). So explicit definitions of protonated and deprotonated states can not be defined based on experimental data. The charged states of the side chains are also implied.  
[bookmark: _gmfxkuttc9d2]Chirality: 
The central carbon is chiral so the way in which the various atoms and groups are attached to it matter. 
· In L-amino acids, when looking down the hydrogen towards the central carbon, the carbonyl group is on the left, the sidechain or R group is in the middle and the N or amino group is on the right. Traveling from the carboxyl to amino group clockwise, you can spell the word CO-R-N. Sometimes this is referred to as the “CORN rule”.
· In D-amino acids, the word CO-R-N can be spelled traveling in an anticlockwise manner. 
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	ALA (L-amino acid)
	DAL (D-amino acid)



Did you know that the definitions, chemical formulae, and representative coordinates for all amino acids are available in the Chemical Component Dictionary (maintained by the worldwide PDB (wwPDB)? You can search for these components or ligands using the Ligand Expo tool or directly from the RCSB PDB website.
[bookmark: _j2o3325mr1v4]Explore:
· Explore the 20 standard amino acids. Note that these are L-amino acids. The D-amino acids are also available in the dictionary.  
· Besides these common amino acids, PDB structures have many modified amino acids that are either present in nature or designed. Explore all L-peptide linking and D-peptide linking amino acids in PDB’s Chemical Component Dictionary to learn more. Make a gallery of these amino acids by clicking on the [image: ] icon at the top of the list of amino acids listed on the page for your reference.

[bookmark: _gubi7ikwo6fs]Examine:
To learn more about each amino acid you can examine its ligand summary page. 
For example for ALA, you can 
· Examine the 2D and 3D structures of the molecule
[image: ]
· Access the complete chemical name, formula, and other chemical identifiers
[image: ]

· Download files, identify PDB entries where the molecule is present as part of a polymer, covalently bound, or interacting through non-covalent interactions. 
	[image: ]
· Find other ligands in the dictionary with the same or similar chemical properties. 
[image: ]
· Where available, information about the molecule being a drug or nutraceutical and links to the DrugBank to access additional information.
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Developed as part of the “Box of Lessons” during BioQuest/QUBES FMN in Spring 2022, under a CC BY-NC-SA 4.0 license. 
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Chemical Component Summary

Name
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(2S)-2-aminopropanoic acid
C3H;NO,
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Find entries where: ALA
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other heterogen groups 53 entries
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Drug Info: DrugBank

DrugBank DB00160

ID
nutraceutical

le-edaier - Alanine is a non-essential amino acid that occurs in high levels in its free state in plasma. It is produced from pyruvate by transamination. It is involved in sugar and
acid metabolism, increases immunity, and provides energy for muscle tissue, brain, and the central nervous system.

Synonyms o Alanine
o Alaninum
¢ (S)-alanine
¢ L-alanine
¢ Alanina

Brand ¢ Nutrineal Pd4

Names ¢ Aminosyn Il and Dextrose
¢ Quick Mix 2.5% Travasol Aa With Electrolytes With 25% Dextrose Injec
* Aminosyn-PF
¢ Kabiven

Indication Used for protein synthesis.

Categories ¢ Alanine
¢ Amino Acids
* Amino Acids, Peptides, and Proteins
¢ Dietary Supplements
« Proteinogenic Amino Acids
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