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Learning outcomes 1
Proteins: Amino acids
You should know 
The general properties of chemical bonds:  Covalent bonds and the different non-covalent interactions
(1) Covalent bond 
· Energy: 355 kj/mol for a C-C bond, which is 1.54Å
· It is the strongest bond 
· It is found at the backbone of DNA 
· Definition: sharing of electrons between adjacent atoms 
· Energy must be expanded to make and break covalent bonds; they are hard to make and hard to break 
· Alignment is linear and bond length has a role in stability 
· Covalent bonds hold together the backbone of DNA 
· The bases in DNA are connected to the sugar by covalent bonds

(2) Hydrogen bonds

· Energy: 4-20 kj/mol
· They hold together the two strands of DNA and provide specificity; determines what the second strand of DNA will be  
· Much weaker than covalent bonds
· They are responsible for the properties of water that make it a good solvent 
· The hydrogen molecule is partially shared with 2 electronegative atoms (ex; N, O)
· They are very directional; need to be at a 180 degree (linear) angle to get maximal strength 
· If it's not in the right orientation the bond is weak and you can potentially break the molecule

· You only get the strong bonds when they are exactly in the right position, which is why bonding in DNA is specific

· Hydrogen bonding interactions between DNA bases results in “base-pairing” 
· Adenine and thymine form 2H bonds

· Cytosine and guanine form 3H bonds

· They are weaker but longer than covalent bond: 1.5-2.6 Å vs. 1.54 Å for single covalent bond and 1.34 Å for double covalent bond
· Creates a dipole moment
(3) Van der Waals interactions

· Energy: 2-4 kj/mol

· Van der Waals are driven by induced electronegative interactions between two or more molecules that are very close to each other 

· Strength relies on distance
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Charge distribution is not symmetric 
· As two atoms come closer to each other, this attraction increases until they are separated by the van der Waals contact distance
(4) Ionic bond

· Occurs because the phosphate in the backbone of DNA is negatively charged 
· Phosphate attracts positive charges 
· Same charge repels; opposite charge attracts 

· Strength depends on coulomb’s law: F=(kq1q2)/r^2

· Attraction depends on the charges of the two atoms 

· Found inside chains 

(5) Hydrophobic effect
· Definition: the tendency of non polar (hydrophobic) substances to aggregate in aqueous solution and exclude water molecules

· Driven by an increase in entropy by release of ordered water molecules 
( In the DNA molecule, there needs to be a mix of covalent (strong) and non-covalent (weak) bonds. If all bonds were strong and rigid, the DNA molecule wouldn't be able to interact with other molecules. We need non covalent bonds for molecules to be able to bind and for DNA to be able to change shapes
What characterizes an α-amino acid?
· α-Amino acid (alpha-amino acid): A molecule containing an amino group and a carboxylic acid group that are separated by one carbon, called the α-carbon. In biochemistry there are twenty standard amino acids, which differ in the makeup of the side chain (R group) attached to the α-carbon.
· Amino acids (with a non-hydrogen R group) are chiral
· Therefore, glycine is not chiral 
· α-Amino acids can be in two forms of isomers: L isomer & D isomer
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· All amino acids found in proteins are the L isomer form
You should know the structures, names, three letter abbreviations, and one-letter abbreviations of all 20 amino acids found in proteins AND you should know the properties of the different amino acids, for example if it is hydrophobic or polar
Hydrophobic/non polar amino acids
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Polar amino acids
Positively charged amino acids
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Negatively charged amino acids
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Three-letter  One-letter Three-letter  One-letter
Amino acid abbreviation abbreviation | Amino acid abbreviation abbreviation
Alanine Ala A Methionine Met M
Arginine Arg R Phenylalanine Phe F
Asparagine Asn N Proline Pro P
Aspartic acid Asp D Serine Ser S
Cysteine Cys C Threonine Thr T
Glutamine GIn Q Tryptophan Trp w
Glutamic acid Glu E Tyrosine Tyr Y
Glycine Gly G Valine Val Vv
Histidine His H Asparagine or
Isoleucine lle 1 aspartic acid Asx B
Leucine Leu L Glutamine or
Lysine Lys K glutamic acid Glx 4
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