
CHAPTER 3 

Amino Acids, Peptides, and Proteins 

LEHNINGER PRINCIPLES OF BIOCHEMISTRY Sixth Edition 

3.1 Amino Acids   

3.2 Peptides and Proteins   

3.3 Working with Proteins   

3.4 The Structure of Proteins: Primary 

Structure 



3.1 Amino Acids  

     Amino acids: building blocks of proteins  

20 amino acids & millions of proteins 



3.1 Amino Acids  

 General structure of amino acids 
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3.1 Amino Acids  

Lysine 

R Group 

Any amino acid except 

• Amino acids share common structural features 



3.1 Amino Acids  

 Chirality of amino acids 

All amino acid residues in 

protein molecules are L 

stereoisomers. 

Chirality of amino acid 

is termed by the side of 

its a-amino group. 



3.1 Amino Acids  

 Chirality （手性） 



3.1 Amino Acids  

 The 20 common amino acids of proteins 



3.1 Amino Acids  

I. Nonpolar aliphatic R groups amino acids: 

Glycine (Gly, G, 甘氨酸) 

Alanine (Ala，A, 丙氨酸) 

Proline (Pro, P, 脯氨酸)  

Valine   (Val ,  V, 缬氨酸) 

Leucine (Leu,  L, 亮氨酸)  

Isoleucine (Ile, I, 异亮氨酸)  

Methionine (Met, M,蛋氨酸, 

                     甲硫氨酸) 



3.1 Amino Acids  

II. Polar, uncharged amino acids 

Serine (Ser, S, 丝氨酸) 

Threonine (Thr, T, 苏氨酸) 

Cysteine (Cys，C, 半胱氨酸) 

Asparagine (Asn, N, 天冬酰胺) 

Glutamine (Gln, Q, 谷氨酰胺) 



3.1 Amino Acids  

III. Aromatic R groups 

Phenylalanine (Phe, F, 苯丙氨酸) 

Tyrosine (Tyr, Y, 酪氨酸) 

Tryptophan (Trp, W, 色氨酸) 



3.1 Amino Acids  

IV. Positively charged amino acids  

          --Basic amino acids  

Histidine (His, H, 组氨酸)  

Lysine (Lys, K, 赖氨酸) 

Arginine (Arg, R, 精氨酸) 



3.1 Amino Acids  

V. Negatively charged amino acids  

             --Acidic amino acids  

Aspartic acid (Asp, D, 天冬氨酸) 

Glutamic acid (Glu, E, 谷氨酸) 



3.1 Amino Acids  

1. Alkyl chain R groups:  Gly、Ala、Val、Leu、Ile 

2. Sulfur-containing amino acids: Met、Cys 

3. Hydroxyl-containing amino acids: Ser、Thr 、Tyr 

4. Aromatic amino acids: Phe、Tyr、Trp 

5. Unusual cyclic amino acid: Pro、His 

6. Amide groups : Asn、Gln 

7. Acidic amino acids: Asp、Glu 

8. Basic amino acids: Lys、Arg 

 

• Different ways to classify the 20 amino acids 



3.1 Amino Acids  

• Abbreviation symbols for amino acids 

The one-letter code 

reduces the data 

file sizes to 

describe amino 

acid sequences, 

which was 

important for the 

progression of 

bioinformatics field. 



3.1 Amino Acids  

• Uncommon amino acids 



3.1 Amino Acids  

• Amino acids with reversible modifications 



3.1 Amino Acids  

 Properties of the 20 common amino acids 

Acid-base properties of amino acids 

         Zwitterion of amino acids  



3.1 Amino Acids  

• Nonionic and Zwitterionic forms of amino acids 

The nonionic form does 

not occur in significant 

amounts in aqueous 

solutions. The zwitterion 

predominates at neutral 

pH. A zwitterion can act 

as either an acid (proton 

donor) or a base (proton 

acceptor). 

Zwitter (德语) = hybrid 



3.1 Amino Acids  



3.1 Amino Acids  



3.1 Amino Acids  

• Ionization and isoelectric point of amino acids  

Titration of Glycine 



3.1 Amino Acids  

 At isoelectric point    [Gly-]=[Gly+] 

                                   K1· K2= [H+]2 

                               [H+]= (K1· K2)
1/2 

                                   I = (K1· K2)
1/2 

                             pI = (p K1+ p K2)/2  

                          pI=(2.34+9.60)/2= 5.97 



3.1 Amino Acids  

pI = (pK1+ pKR)/2 

     = (2.19+4.25)/2 

     =  3.22  

• Ionization and isoelectric point of amino acids with dissociable 

groups on side chains 



3.1 Amino Acids  

pI = (pK2+ pKR)/2 

     = (9.17+6.0)/2 

     =  7.59  

• Ionization and isoelectric point of amino acids with dissociable 

groups on side chains 



3.1 Amino Acids  

• Effect of the chemical environment on pKa 



3.1 Amino Acids  

• Specific reactions of amino acid side chains 

巯基乙醇 (mercaptoethanol, ME) 

 

二硫苏糖醇 (dithiothrcitol, DTT)  

Cysteine 



3.1 Amino Acids  

Optical activity: a-carbon of amino 
acid is asymmetric or chiral 

 

Except glycine 

 

• Optical properties of  amino acids 



3.1 Amino Acids  

• Ultraviolet spectra of amino acids  

Measurement of light absorption by a spectrophotometer is used to 

detect and identify molecules and to measure their concentration in 

solution. 



3.1 Amino Acids  

• Nuclear magnetic resonance spectra of amino acids 

Nuclear Magnetic Resonance (NMR, 核磁共振谱) 



3.2 Peptides and Proteins  

 Formation of peptide bond  

Peptide bond  



3.2 Peptides and Proteins  

 Peptide classification  

Dipeptide 

Tripeptide 

Tetrapeptide …
…
…
.. 

Oligopeptide (寡肽) 

Polypeptide (多肽),  

Protein 



3.2 Peptides and Proteins  

Seryl glycyl tyrosyl alanyl leucine 

     (丝氨酰甘氨酰酪氨酰丙氨酰亮氨酸) 

Ser-G1y-Tyr-A1a-Leu  

SGYAL  Amino acid residue (氨基酸残基) 



3.2 Peptides and Proteins  

 Acid-basic chemistry of oligopeptides 

The amino acids with 

ionizable R groups in a 

peptide contribute to the 

overall acid-base properties 

of the peptide. 



3.2 Peptides and Proteins  

 Biologically active peptides and polypeptides occur in 

a vast range of sizes and compositions 

NutraSweet Thyrotropin-releasing 

hormone (TRH) 

(促甲状腺素释放激素) 



3.2 Peptides and Proteins  

Average molecular weight of protein amino acid residues is nearer to 

110. Therefore, molecular weight of a protein ≈ number of amino acid 

residues X 110. 

• Proteins occur in a vast range of sizes 



3.2 Peptides and Proteins  

• Amino acid composition of proteins can be different  



3.2 Peptides and Proteins  

• Proteins may contain chemical groups other than amino acids  



3.2 Peptides and Proteins  

 Determining the amino acid sequence 

Bovine insulin, first peptide sequence determined 

Frederick Sanger 

1958 Nobel Prize in Chemistry 

1980 Nobel Prize in Chemistry 



3.2 Peptides and Proteins  

• The procedure developed by Fred Sanger 

to sequence insulin 

1. Purify the target  protein  

2. Determine amino terminus 

3. Amino acids analysis  

4. Breaking disulfide bonds 

5. Fragmentation of the polypeptide chain  

6. Determine the sequence 

7. Location of the disulfide bonds 

Genetics 162: 527–532 (October 2002) 



3.2 Peptides and Proteins  

• N-Terminal analysis: 

Sanger method  

      FDNB (1-fluoro-2,4-dinitrobenzene)  

Edman degradation 

      phenyl-N=C=S  （异硫氰酸苯酯） 



3.2 Peptides and Proteins  

Sanger method 

Edman degradation 



3.2 Peptides and Proteins  

• Amino acids analysis  

Hydrolysis of 

peptide 

6N HCl, 110°C, 

overnight 



3.2 Peptides and Proteins  

• Cleavage of disulfide bonds 



3.2 Peptides and Proteins  

• Fragmentation of the polypeptide chain  

 1) Fragmentation of the polypeptide by protease  

Trypsin (胰蛋白酶)：RI = Lys、Arg，RJ  Pro 

Chymotrypsin (糜蛋白酶)：RI = Phe、Trp、Tyr，RJ  Pro 

Pepsin (胃蛋白酶)：RI、RJ = 芳香族或较大的疏水基团；RJ  Pro  



3.2 Peptides and Proteins  



3.2 Peptides and Proteins  

 2) Fragmentation of the polypeptide chain by CNBr  

A1－Ａ2―A3―Met―A5―A6―A7―A8― 

CNBr 



3.2 Peptides and Proteins  



3.2 Peptides and Proteins  

Sample：Deduce the amino acid sequence of peptide chain 



3.2 Peptides and Proteins  



3.2 Peptides and Proteins  

• Location of disulfide bonds 



3.2 Peptides and Proteins  

• Sequencing of amino acids in polypeptide today 

Edman sequenator 



3.2 Peptides and Proteins  

Mass spectrometry 



3.2 Peptides and Proteins  

Obtaining protein sequence information with tandem MS 



3.2 Peptides and Proteins  

 Chemical synthesis of peptides 

9-fluorenylmethoxycarbonyl (Fmoc)  



3.2 Peptides and Proteins  



3.2 Peptides and Proteins  



3.2 Peptides and Proteins  

 Amino acid sequences provide important biochemical 
information 

           Domain prediction 

           Signal peptide prediction 

           Function prediciton 

 ……… 

 



3.2 Peptides and Proteins  

Alignment of protein sequences 



3.2 Peptides and Proteins  

Consensus sequence 



  Amino Acids  

      The 20 common amino acids, Chirality, Zwitterion of 
amino acids   

 

  Peptides and Proteins   
 

      Peptide & Protein, Determining the amino acid sequence, 
Chemical synthesis of peptides 

Take home messages … 


