Roles and Properties of Individual Amino Acids

Compiled by Bob Mecham

Glycine:

1) Hydrogen for Side chain

2) Smallest residue

3) The lack of a side chain means that a symmetrical and broader region of the ( and ( plot is accessible to glycine

4) Found in bends and turns where side chain cannot be accommodated (steric reasons).  

5) Also found to facilitate movement of chains by being found frequently in hinge regions.

Alanine:
1) Default amino acid: no long side chain, no chemical reactivity, no unusual conformational properties, and fairly happy on either interior or surface (fairly indifferent to solvent exposure).

2) Prefers alpha-helices: stablest compact, H-bonded structure.  Strongest preference of any residue for a middle-helix location.  Just large enough to set the handedness but small enough that nothing special must be done to keep it happy.

3) Turns prefer more hydrophilic residues, and nonrepetitive structure in general favors amino acids with side-chain H-binding capability.  A beta-sheet prefers to be covered by larger side chains.

4) Poly alanine forms alpha-helix

Proline:

1) Constraint on backbone, since the ring closure keeps ( near -60˚

2) Ramachandran plot shows two well-populated areas: alpha-helix and polyproline.

3) Proline cannot fit into the regular, internal parts of either helix or beta-sheet.

4) Entirely prohibited in helices, but works well in the first turn (second most common residue in position 1 of helix).  Perhaps should be thought of as helix “starter” rather than a helix “breaker”.

5) Excels at making turns, for which it has the highest specific positional preference of any residue.  It is very common in the second position of either common or glycine turns, both of which require ( close to -60˚

6) Because of its occurrence in turns and its virtual absence from the interior of regular secondary structures, Pro is almost always exposed on the protein surface.  Thus, although its side chain is chemically hydrophobic, its typical location is that of a hydrophilic one.

7) Can occur with a cis rather than trans peptide bond.  Estimated that 10% of prolines are in cis  conformation.  Strong sequence preferences for cis  versus trans  prolines.  The positions immediately before the cis -Pro is heavily enriched in F, Y, and L and very unfavorable for branched side chains.  Low frequency of charge residues before and after cis -Pro.

8) Pro makes a positive contribution to protein stability purely by entropy effects.  Since one degree of freedom is already frozen out even in the denatured state, Pro has a smaller loss of entropy on folding than any other residue.

Cysteine:

1) Can bind metals or form disulfides

2) Free SH groups are relatively uncommon

3) Usually buried in proteins, probably to protect the reactive side chain group.

4) Disulfides: difficult to predict which Cys residues will pair


A). Important role in stabilizing protein structure


B). Little role in folding, when they are in the reduced state (PDI enzymes)

C). Common disulfide conformations, left-handed spiral and the right-handed hook.

Valine, Isoleucine, Leucine, and Methionine:

1) Aliphatic: important both early and late in protein folding.

2) 85-90% of these residues are excluded from the surface

3) Variety of size and shape in hydrophobic side chains allows good fit for hydrophobic interior.

4) Major role of Met is to provide a very flexible hydrophobic side chain (sulfur may have some H-bonding capability).  Val and Ile are widest right next to the backbone, Leu a bit farther out, and the aromatic rings even farther.

5) Val and Ile are atypical in that they branch at the beta-carbon, which puts some additional constraint on their conformations.  The conformational preferences for Val and Ile are different from those of Leu and Met.

6) In transmembrane segments, hydrophobic amino acids are on the surface where they can interact with membrane lipids.

Serine and Threonine:
1) Short-chain OH residues.

2) Chemically reactive (especially Ser): found in active sites (Ser proteases), can undergo phosphorylation, carbohydrate attachment

3) OH can be either an H-bond donor or acceptor.

4) Ser is common in tight turns, where it may H-bond with neighboring backbone NH or CO groups.  Most often, interacting with solvent.

5) Also common in disordered regions, probably because it has not hydrophobic character and can readily interact with solvent.

6) Thr prefers beta structure, especially antiparallel beta, which typically has one side exposed to solvent.

7) Extra methyl group makes Thr more hydrophobic than Ser--occurs significantly more often in the interior and less often in turns and disordered structure.

Asparagine and Glutamine:
1) Side chain amide groups: Like the backbone peptide groups.

2) Although similar, fill surprisingly distinct roles because of the extra length of the Gln side chain.

3) Forms H-bonds through amide groups.  Amide ( oxygen is more important than the ( nitrogen in Asn H-bonding.  [Asn can form a “pseudopeptide” bond by hydrogen bonding back with the main chain.  Gln does not do this.]

4) Gln is a relatively indifferent, plain vanilla residue that goes reasonably well with almost anything and has no extreme properties or violent preferences or aversion.  Asn, in contrast, is an interesting, quirky, residue with many unique properties.

5) Gln can cyclize with amino group to form pyroglutamic acid.

6) The single methylene group by which they differ has remarkably profound consequences.  

A) It takes rather unusual circumstances for Gln to be the most conservative substitution for Asn. 

B) As a helix starter, Ser would be the most conservative replacement for Asn.  

Aspartate and Glutamate:
1) Duplicate of Asn, Gln pair except that they are charged and their far ends are symmetrical to rotation.

2) Although can duplicate Asn's and Gln's hydrogen bonding, the negative charge predominates

3) Asp is common as a helix starter and is a prominent turn-forming residue.  Glu is also a reasonable turn-forming residue (as are all hydrophilic residues), but is less position-specific than Asp.

4) Asp and Glu are more extremely frequent in the first turn of alpha-helices, whereas Lys, Arg, and His are more common toward the C-terminus.  Explained by interaction with the helix dipole.

5) Asp and Glu (especially Glu) bind calcium.  Usually through 6 oxygens arranged in a pocket.

6) Most general roles for charged residues are to stay on the outside and to form salt links (H-bonds with oppositely charged groups).  Charges are rare on the inside, and those that do occur are almost always paired.

Lysine and Arginine:
1) Positive Charge

2) Stay on the protein surfaced with only rare exceptions.

3) Form salt links with negatively charged macromolecules, most notably nucleic acids (e.g., Histones)

4) Both amino acids are fairly often involved at active sites, Lys more often in a binding role and Arg more often as a participant in catalysis.

5) Lys is the most mobile of all the side chains (side chain is often invisible on electron-density maps).  Part of protein best able to interact with water on their own terms, that is, with great flexibility, rapid rearrangement, and multiple interactions in tetrahedral geometry.  Lysine side chains are the great solubilizers of globular proteins.

6) Arg side chains are more buried than lysines on the average.  Both Lys and arg have positive charges at the ends of long, flexible, locally hydrophobic side chains, but Lys seems to emphasize the flexibility, whereas Arg emphasizes the hydrophobicity.  It is extremely rare for an Arg to be totally buried, but they usually make extensive van der Waals interactions along the side chain, and they can even curl around to produce a flat hydrophobic surface capable of conservatively replacing an Ile.

7) The guanidinium group at the end of an Arg has, in addition to its charge, five hydrogen-bond donors held in a large, rigid, planar array.  These hydrogen donors often interact with water.

Histidine, Phenylalanine, Tyrosine, and Tryptophan:
1) Aromatic rings.

2) Phe is completely hydrophobic.  Tyr and Trp each have a single H-bond, which has only a small net effect on the hydrophobicity of Trp but makes Tyr almost indifferent to inside vs. outside.

3) His has charged group that is unique among amino acids in having a pK near neutrality, so that it can be made to gain or lose charge by changes in surroundings.


A) Therefore, major role of His is as an active-site residue or as a controllable element in conformational changes; rare elsewhere.


B) His is relatively buried, presumably because it is so often binding the buried charge of a reactive group.

4) Phe, Tyr, and Trp are major constituents of the hydrophobic cores inside proteins.  Pack against hydrophobic residues and side chain carbons.
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