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Lecture 4 

Proteins - Composition of Proteins 
(Amino Acids) 

Chapter 21 Section 1-6 

Proteins 

•! Proteins are compounds of high molar mass 
consisting almost entirely of amino acid chain(s) 

•! Molar masses range from several thousand to 
several to several million Daltons 
–! Dalton is defined as 1.66 x 10-24 g  

•! Main elements found in proteins include 
–! C, H, O, N, and S 

•! The primary function of proteins is body building 
and maintenance 

Where Are Proteins Located 

•! Proteins are found in all cells, in varying 
degrees 

•! The highest concentration is found in muscle 
tissue, skin, and hair 

•! In times of starvation the body must degrade 
muscle tissue to provide the amino acids 
needed to make vital enzymes and proteins 

Amino Acids 

•! The proteins in all living organisms are 
constructed from the same 20 AA 

•! The amino acids are known exclusively by 
their common name 

•! Amino acid sequence of a protein confers its 
function, structure and other characteristics 

H3N CH 
+ 

COO - 

R 

Grouping Amino Acid 

•! Amino acids can be characterized (at neutral 
pH) as follows: 
–! 1) nonpolar 
–! 2) polar but neutral 
–! 3) negatively charged 
–! 4) positively charged 

Nonpolar Amino Acids 

Glycine  
(Gly,G) 

Alanine  
(Ala,A) 

Valine  
(Val,V) Leucine  

(Leu,L) 
Isoleucine  

(Ile,I) 

Methionine  
(Met,M) 

Phenylalnine  
(Phe,F) 

Tryptophan  
(Trp, W) 

Proline  
(Pro, P) 
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Polar Amino Acids 

Cysteine  
(Cys, C) 

Serine  
(Ser, S) 

Threonine 
(Thr, T) 

Tyrosine  
(Tyr, Y) 

Asparagine  
(Asn, N) 

Glutamine 
(Gln, Q) 

Positively Charged- 
(Basic) Amino Acids 

Negatively Charged- 
(Acidic) Amino Acids 

Aspartic Acid 
(Aspartate)  

(Asp, D) 

Glutamic Acid 
(Glutamate)  

(Glu, E) 

Lysine  
(Lys, K) Arginine  

(Arg, R) 

Histidine  
(His, H) 

Amino Acids in Solid State 

•! Properties of purified solid amino acids 
–! Colorless, crystalline solid 
–! Non-volatile 
–! Melts with decomposition at temps >200oC 
–! Very soluble in water (gly, ala, pro, thr, lys, & arg) 
–! The rest are slightly soluble 

•! All amino acids are insoluble in organic 
solvent 
–! Why? 

Amino Acids Exist as Zwitterions 
•! If we compare: 

   COOH 

H  C  H 
H 

Acetic Acid 

   COO 

H3N  C  H 
H 

Glycine 

•! Glycine in solid and solution exists as a zwitterion 

Organic Acid- 
Acts like an 
organic 
compound 

Amino Acid- 
Acts like an 
organic salt 

   COOH 

H2N  C  H 
H 

Uncharged 
Not a true structural 

representation 

_ 

+ 

   COO 

H3N  C  H 
H 

Glycine 

_ 

+ 

Amino Acid Derivatives 

•! Several other amino acid derivatives are found 
in certain proteins to a very small extent 

•! The modification occurs after the amino acid is 
incorporated into protein 

Lysine  
(Lys, K) 

Trimethyllysine  

N 

CH3 
H3C CH3 

Uncommon Amino Acids 

•! More than 150 amino acids have been 
identified to have physiological importance, 
but are not incorporated into proteins 

•! Most have been isolated from plants and 
some from animals 
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Configuration of Amino Acids 

•! All amino acids (except glycine) have a chiral 
carbon 

•! All amino acids are found in the L-configuration 

C 

HO  C  H 
CH2OH 

H O 

L-Glyceraldehyde 

C 

H3N  C  H 
R 

H O 

L-Amino Acid 

+ 

Amino Acids - Nature’s Buffer 

•! Amino Acids can act as acids 

COO 

H3N  C  H 
R 

+ 

_ 

+ OH- 

COO 

H2N  C  H 
R 

_ 

+ H2O 

•! Amino Acids can act as bases 

COO 

H3N  C  H 
R 

+ 

_ 

+ H+ 

COOH 

H3N  C  H 
R 

+ 

The pH of the 
system is 
maintained 

Isoelectric Point 
•! The pH at which an amino acid exists entirely as a 

zwitterion (no net charge) 
–! Neutral AA range from 5.0-6.5 

–! Basic AA have high isoelctric points 

–! Acidic AA have low isoelectric points 

Aspartic Acid, at 
pH 7.0 

Lysine, at 
pH 7.0 

Cysteine, 
at pH 7.0 

Separating Amino Acid Mixtures 

•! Amino Acids can be separated 
based on their ability to 
migrate in an electric field 

•! AA with isoelectric points = to 
the pH of the buffer - no 
migration 

•! AA with isoelectric points 
higher than pH of buffer will 
move toward the negative 
electrode 

•! AA with isoelectric points 
lower than the pH of buffer will 
move to the positive electrode 

Buffer 

Negative  
electrode 

Positive  
electrode 

Buffer 

Peptides 

•! Two or more Amino Acids can be joined to 
form a peptide 

•! When 50 or more are joined it is called a 
protein 

•! By convention a sequence is written by 
starting with the amino acid that has a free 
amino group, and end with the amino acid 
that has a free carboxyl group 

H3N 
+ 

COO 
_ 

CTD 
NTD 

Peptide Bond 

•! Are formed when the amino group of one amino 
acid reacts with the carbonyl of another  

H3N  CH  C  O 
R1 

+ _ O 

+ H3N  CH  C  O 
R2 

+ _ O 

H3N  CH  C   
R1 

+ 
O 

N  CH  C  O 
R2 

_ O 

H 

Peptide Bond 
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Peptides 

•! Prefixes can be used if the peptides are smaller then 
10 (mono, di, tri, etc) 

•! Small peptides <50 are called peptides 
•! Large peptides >50 are called polypeptides OR 

proteins 
•! A particular protein can be composed of more than 

one polypeptide (subunits)  
•! Each amino acid in the peptide with the exception of 

the C-terminal terminal amino acid is named an acyl 
(the suffix -ine is replaced by -yl) 

Sequence of Peptides 

•! The sequence of amino acids is the most important 
factor in determining the identity of a protein 

•! It is estimated that the human body contains over 
100,000 different proteins all having different 
sequential arrangements of the 20 fundamental AA 

•! A minor error can have disastorous effects 
–! Ex. Sickle Cell Anemia (Mutation at position 300 in 

hemoglobin) 

Peptide Hormones 
•! Many hormones are peptides that contain 

significant biological activity 

Gly-Arg-Pro-Cys-Asn-Gln 

Cys-Tyr-Phe 

S 
S 

Gly-Leu-Pro-Cys-Asn-Gln 

Cys-Tyr-Ile 

S 
S 

Vasopressin Oxytocin 

•! The above are two examples of cyclic 
nonapeptides produced by the pituitary gland 
with very different functions 

•! Oxytocin stimulates lactation and contraction 
of smooth muscle in the uterine wall 

•! Vasopressin (Antidiuretic Hormone, ADH) 
acts on the kidneys to reduce the amount of 
water excreted 
–! Therefore, its major function is to increase water 

absorption by the kidneys 
–! It also stimulates the contraction of muscles in the 

walls of blood vessels and thus increases blood 
pressure  

Classification of Proteins 
•! Proteins are classified based on structure and 

solubility (two classes are listed as examples) 
•! Fibrous proteins  

–! Insoluble in water  
–! Usually serve structural, connective, and protective 

functions 
–! Ex. Keratins, Collagens, Myosins, and Elastins 

•! Globular proteins 
–! Are soluble in aqueous media 
–! The structure is relatively spherical 
–! Ex. Serum albumin, Hemoglobin, and Myoglobin 

Levels of Protein Structure 

•! Primary (1o) Structure 

•! Secondary (2o) Structure 

•! Tertiary (3o) Structure 

•! Quaternary (4o) Structure 
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Questions???? 


