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Amino Acid Structure

Fischer Projections



pI

pH < pI pH >  pI

pKa1 pKa2

Increasing Cationic
Character 

Increasing Anionic
Character

INCREASING pH

Zwitterionic

pKa2 = 9.0

pKa1 = 2.0

Amino Acids & Acid/Base Chemistry
HA = H+ + A- Ka = [H+][A-]   pKa = -log Ka

[HA]



Alanine Titration Curve



Q: What is the fraction of histidine residues that are positively 
charged at pH = 7.4? 

Henderson Hasselbalch

HA
(Acid)

A-

(Conjugate Base)

H++
pKa = 6.4

HA = H+ + A- pH = pKa + log[Base]/[Acid]



HA = H+ + A-

pH = pKa + log[Base]/[Acid]
7.4 = 6.4 + log[Base]/[Acid]
1 = log[Base]/[Acid]
10 = [Base]/[Acid]
pH > pKa Therefore, 90%  of histidine is in 
form of conjugate base
Answer: 10% positively charged

HA
(Acid)

A-

(Conjugate Base)

H++
pKa = 6.4

Q: What is the fraction of histidine residues that are positively charged at pH = 
7.4? 

Henderson Hasselbalch

pH = pKa + log[Base]/[Acid]



Survey of Amino Acid Classes

1° Amine

Understand Chemistry of Side Chains

1° Amine

(Nitrogen carrier)
Hydrophobic effect



Amino Acid Classes

2° AmineAlcohol
(pKa ~ 13)

Amide

Aromatic
alchohol

(pKa ~ 10)



Cysteine Reactions

Oxidation



Essential vs Non-Essential AA

Methionine

Tyrosine

Catecholamine



Essential vs Non-Essential AA

Methionine

Tyrosine

Phenylpyruvate

X
PKU

Catecholamine



Nitrogen Balance
GLU

Transaminase
(Pyridoxal B6)PHE

α-KG

PHENYLPYRUVATE

ALA

ALT

α-KG PYRUVATEGLUTAMATE

Urea Cycle



Nitrogen Balance & Arginine

Blood Urea Nitrogen (BUN)
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Use of Lysine in Affinity Columns

Ester 1° Amine

Amide Alcohol
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Use of Lysine in Affinity Columns

Ester 1° Amine

Amide Alcohol

..

Ester + Amine = Amide + Alcohol

Basic pH



Branched Chain AA (BCAA)



L-tryptophan L-5 hydroxytryptophan Serotonin

1 2

Aromatic Amino Acids as Precursors

CO2

L-Histidine Histamine

5-HT



UV Absorbance of AA



A = I
Io
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1 cm Molar extinction
Coefficient

Concentration

Beer Lambert Law

Length

Linear relationship between concentration and absorbance



Peptide Bonds



Primary Protein Structure
The Anfinsen Experiment



Secondary Structure/Function

Proline



Hemoglobin (3° & 4° structure)

HbA = α2β2

(95% of the mass of RBC) 



Oxygen Binding Curves

[PO2, torr]

[%
 S

at
ur

at
io

n]

20 40 60 80 100

20

40

60

80

100

HbA (Adult)

Cooperativity



Oxygen Binding Curves
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HbA = α2β2

HbF = α2𝝲2



Oxygen Binding Curves
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Oxygen Binding Curves
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Hemoglobin & Cooperative Binding
Hb + O2 = Hb(O2) + H+

CO2 + H2O = H2CO3 = HCO3
- + H+ 

CA

Salt 
Bridges

CA = carbonic
anhydrase

Lungs



Methemoglobin

Oxidative Damage



Hemoglobin & The Bohr Effect



Histidine & The Bohr Effect

Conjugate Base Acid



Hemoglobin Binding & pH



Hemoglobin & BPG



BPG is derived from glycolysis in RBC



Hemoglobin is a CO2 Carrier



Hemoglobinopathy: Sickle Cell Anemia

Glu6 mutated to Valine:  
E6V

Only affects the Deoxy
HB form
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Lab Techniques Including Protein 
Purification & Separation Techniques


