Proteins

OMIT 16.6

GENERAL

Proteins serve as both contractors which build structures (enzymes) and building materials for structures (muscle/organs).

AMINO ACIDS
Fundamental building blocks of proteins.  Amino acids have basic amino groups and acidic carboxylic acid groups in same molecule.
Prtoteins made of alpha amino acids- amino group attached to carbon alpha to carbonyl group of carboxylic acid.
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More complicated amino acids than glycine have one of the two alpha hydrogens replaced by functional group (called sidechain).
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D and L amino acids.  Proteins are built from L amino acids.  To draw L amino acid put carboxylate group north (like sugars) and sidechain south.  Position of amino group determines chirality designation.  L amino acid has amino group on left.
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IONIZATION
Recall that pKa of organic molecule is how much energy required for it to be in basic form.
pH of a water solution is how much energy water solution needs to make protons.

Low pH is "acidic" in water.  As pH goes down water becomes more effective acid (proton is easier for water to make so it’s more acidic).

pH is sort of like an "effective pKa" for complex aqueous mixture.  If organic functional group has pKa > pH of its surrounding water solution then water wins the eyeball game and organic functional group will have its acidic form.

When pH (solution) = pKa (functional group) then contest is a draw (tie match).  In this case organic functional group shows up as 50/50 mix of acid and base forms.

Summary:

Low pH (pH < pKa)  acidic form 

Mid pH (pH = pKa)  50/50 acid/base

High pH (pH > pKa) basic form

Amino acids often have 3 ionizeable functional groups- amino group, acid group, and sidechain group.  Have to track acidic and basic forms of these functional groups separately according to pH of solution.

Some functional groups in amino acids:
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To figure out charge on protein only need to worry about sidechains, amino group of first amino acid, and carboxylate group of last amino acid.  amino groups and carboxy groups for internal amino acids no longer exist.  They are combined as amide groups.

Write down protein structure and assign charge to each sidechain according to pH of solution and pKa of sidechain.  Finally, assign charge to backbone amino group of first amino acid and backbone carboxy group of last amino acid.  Total up all these charges to get net charge on protein.

pH of peptide (small protein) or protein at which net charge = 0 (equal number of + and - charges) is called pI of isoelectric point of protein.  Protein has lowest solubility when pH of solution = pI.  Table 16.2 p. 464 gives pKa's of backbone carboxy, amino groups and sidechains.

Problem 16.10 p. 468:


H2N- Ala- Lys- Asp- Tyr-   Asp-  His- CysH- Leu- Phe- Gln- CO2H

	pKa 9.9     X    10.3  3.65  10.1     3.65  6.0    8.3        X      X      X      2.2

	

	ID  NH3    X    NH3  CO2  ArOH CO2 NH2  SH       X      X     X      CO2

	

	chg +1       0     +1      -1       0         -1      0       0          0       0      0        -1


pH

8.2

net charge -1

_________________________________
chg   

pH   +1     0      +1   -1/2     0      -1/2      0        0         0      0      0       -1

3.65
net charge (pH 3.65) = 0; pI 3.65

To neutralize -1 charge at pH 7.4 need to add just enough acid to barely trash the most easily destroyed base which has a -1 charge (weakest acid- highest pKa group with -1 charge).  Asp easiest -1 charge to neutralize here, but there are 2 of them so we need to half neutralize both of them (set pH = pKa of Asp).  pI = pKa(Asp) = 3.65.

SIDECHAIN CLASSIFICATION
Amino acid sidechains classified as hydrophobic, charged hydrophilic, and uncharged hydrophilic, depending on charge @ pH 7.4 (blood pH).  Charged hydrophilic sidechains are either +1 or -1 @ pH 7.4.

Amino acids with + charged sidechains called basic amino acids.  These sidechains tend to contain amino groups with pKa 8 - 12.  They are protonated (acid form) at pH 7.4.
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Amino acids with negatively charged sidechains known as acidic amino acids.  Sidechains tend to contain carboxylate groups (pKa 2 - 4).  These are deprotonated (basic form) at pH 7.4.
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Hydrophilic amino acids with uncharged sidechains known as polar amino acids.  Sidechains tend to contain hydroxy (OH) or amido (CONH) groups which can hydrogen bond to water.
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Nonpolar amino acids known as hydrophobic amino acids.  Sidechains tend to be hydrocarbons.
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Disulfide bridges.  The amino acid cysteine has a thiol (SH) group attached to sidechain.  Thiol groups from two cysteines can be linked together covalently, forming a disulfide link.  A disulfide-linked cysteine is called cystine (spelling change).
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AMINO ACID CHARACTERISTICS
Learn to work with Table 16.1 on p. 463.  Be able to pick out the amino acids with following properties (Problem 16.23):

1.
Optical inactivity vs. 2 optical isomers vs. more than 2 isomers

2.
Presence of phenol group

3.
Ability to form covalent S-S bridges

4.
Cyclic proline breaks up  structure

5.
Hydrogen-bonding sidechains

Use Table 16.2 (P. 464) to calculate charge on an amino acid at a given pH to work Problem 16.4 (p. 465).  Amino acids with + charge migrate to - pole (opposite charges attract) & vice-versa.

Work glutamic acid (Glu) at pH 8.7.  pKa’s: carboxy = 2.2, amino = 9.7, sidechain carboxy = 4.3

THE PEPTIDE BOND
Amino acids are linked to form proteins by removal of one molecule of water per amide linkage (CO-NH) made.  Amide linkage [image: image10.wmf]called peptide bond.

PROTEIN STRUCTURE
Primary structure.  Sequence of amino acids covalently bonded together.

Secondary structure.  Folding of protein molecule due to H bonding between amide N-H of one amino acid and amide C=O of a different amino acid.  Secondary structure involves backbone only- no sidechains involved.  Most common secondary structures in proteins called alpha-helix and beta-sheet.  Read p. 469 - 472.

Tertiary structure.  Folding of protein molecule due to interactions between sidechains (not backbone).  Tertiary structure gives 3-D shape to protein molecule.  Can pull together amino acids from very far apart in primary structure.  Different  sidechain  interactions can create tertiary structure.

SIDECHAIN INTERACTIONS:

1.
Hydrogen bonding.  "Polar" sidechains of different amino acids can stick together via hydrogen bonding.

2
Salt bridges.  A positively-charged sidechain from a basic amino acid can be held close to a negatively-charged sidechain from an acidic amino acid by electrostatic attraction.

3.
Disulfide bridges.  Sidechains from 2 cysteines form S-S covalent.

4.
Hydrophobic interaction.  Two or more hydrophobic sidechains can come together and form a hydrophobic pool (like a detergent micelle).  This pool is typically surrounded by hydrophilic backbone groups, hydrophilic sidechains, and water.  In this way hydrophobic sidechains can avoid water.

Quaternary structure.  Aggregation of several protein molecules due to amino acid sidechain interactions  in entirely different protein molecules.  Caused by same kinds of interactions which pull together different parts of single protein molecule (tertiary structure).  Different protein molecules bound together into large aggregate assembly known as subunits.  Use Greek letters  to designate subunits (ie. 22).

COMPLEX PROTEINS
Composed of proteins bound to nonprotein molecules (inorganics and/or medium-sized organic fragments).  In enzymes protein part called apoenzyme, nonprotein part called coenzyme, and entire assembly called holoenzyme.  Coenzymes commonly known as "vitamins" and "minerals."  Read about hemoglobin p. 476.

DENATURATION
Destruction of secondary, tertiary, and/or quaternary structure of protein due to chemical, thermal, or mechanical abuse (proteins can be sensitive).

PROTEIN FUNCTIONS
1.
Enzymes.  Catalyze all biochemical reactions by acting like molecular "hands."  Exact fit for certain specific reactant (substrate) molecules in active sites of enzymes allows enzymes to grab specific molecules like hands.  Enzymes can bring reactants together by binding them in different active sites and tnen manipulate them by changing their shapes.
2.
Antibodies.  Glycoproteins (complex sugar proteins) specifically designed to react with foreign substances in body (called antigens).

3.
Hormones.  Small proteins can act as cofactors (substrates) for larger protein enzymes- regulatory proteins acting in this capacity can act as hormones.  Hormones can also be nonprotein molecules.

4.
Building materials.  Collagen, muscle, and organ (heart, liver, etc.) building material.  Majority of structural material in body which is not bone is protein.

DETERMINATION OF PROTEIN STRUCTURE
Read p. 485 - 490 to get appreciation for how primary structure is determined.  Won't be tested on material but should get general appreciation for what is involved.

