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Lesson Plan 

Course: MBMG 501 (Genetic Engineering)  

Lecture: Analysis of Protein Structure 

Lecturer/Instructor:  Duangrudee Tanramluk, Ph.D.  

Contact Information:  Duangrudee.tan@mahidol.ac.th  

Academic Program: M.Sc. program in Molecular Genetics and Genetic Engineering 

and Ph.D. program in Molecular Genetics and Genetic Engineering 

Date/Time: 9 November 2017 (1.30 pm ï3.30 pm) 

Room: C405 

Learning Objectives:  

 At the end of this lecture, student should be able to 

1. Understand the amino acid structures and their properties 

2. Describe the details of protein structure from various visualization styles 

3. Describe information that can be derived from a protein structure model 

Content Outlines:  

 1. Introduction to protein structure 

  1.1 Hierarchical organization and size of proteins 

  1.2 The 20 amino acid sidechains 

 2. Protein structure representation 

  2.1 PDB file format 

  2.2 Structure representation styles 

 3. Techniques for protein structure determination 

  3.1 Xïray crystallography 

  3.2 Cryo-Electron Microscopy 

3.3 Nuclear Magnetic Resonance 

 4. Information that can be derived from protein structure 

  4.1 Example of structures and their usefulness 

4.2 Information derived from a PDB file of protein structure. 
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3. Saibil, H. R., Macromolecular structure determination by cryo-electron 
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4. Computational Structural Biology Methods and Applications by Torsten 
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Suggested Reading: 
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discovery. Curr Opin Struct Biol (2016), 41:194-202. 

Learning Organization: 

 1. Lecture 

 2. Kahoot Quiz 

3. Questions and answers 

Learning materials: 

 1. Powerpoint slide 

 2. Handout  

 3. Internet/Website (https://ajarnwi.wordpress.com/courses/mbmg501/) 

Student Assessment: 

 Written examination in colored answer sheets (2 questions) 

 

Last modified: 24/10/2017 
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Analysis of Protein Structure 

Dr. Duangrudee Tanramluk 

Contents: 

¶ Introduction to protein structure 

¶ Protein structure representation 

¶ Techniques for protein structure determination  

¶ Information that can be derived from protein structure 

Objectives:  

At the end of this lecture, student should be able to 

 1. Describe the details of protein structure from various visualization styles 

2. Understand the principle of protein structure determination methods 

3. Describe information that can be derived from a protein structure model.  

Introduction  

 

Proteins are essential biological molecules which play crucial roles in several cellular 

processes, e.g. catalyzing chemical reactions, transporting small molecules, serving as the sub-

cellular structures, reacting against foreign bodies, and regulating other proteins in response to 

cellular environment.  

The protein structure can be considered from several levels. The primary structure of a 

protein composes of amino acid sequence which constitutes a polypeptide chain. Some region 

of the polypeptide chain can form a local structure via series of hydrogen bonds from the 

repeating backbone torsion angles referred as the secondary structure.  Combination of several 

of secondary structures gives rise to a three dimensional fold called the tertiary structure.  

Within the fold space, common structural motifs and domains can be recognised. For many 

proteins, a larger organization called the quaternary structure is required for the protein 

function. One can use the three dimensional structure of a protein to rationalize the molecular 

interaction underlying its biological process after obtaining the functional information from 

biochemical experiments. Several tools have been developed to visualize the three dimensional 

structures and assist in molecular design. With the advent of structural genomics, structural 

biologists are working on the structure of all the proteins that a genome could produce without 

knowing their function. Functional annotation becomes an important step toward 

characterization of cellular and physiological roles of gene products.  

 



MBMG 501 Genetic Engineering Book 3                  DT/4 

 

           

Figure 1 Protein structure hierarchy (taken from Bernhard Rupp, Biomolecular Crystallography: 

Principles, Practice, and Applications to Structural Biology (2010), Garland Science) 

 

Protein Structure Representation 

Upon publishing the protein structure in a scientific journal, structural biologist usually deposits 

the structural data in a repository called the Protein Data Bank (PDB: http://www.pdb.org). 

Each file in the PDB is given a 4-character identification number (PDB ID) and has to conform 

to a textual format called the PDB format. You can download the (.pdb) file and visualize 

molecules in a molecular viewer (e.g. Pymol, Discovery Studio). Figure 2 shows the ATOM 

record which is a section of the PDB file that most molecular viewers can read in order to draw 

atoms and bonds. Notice that we can hardly locate the position of hydrogen atom. Therefore, 

most of the structure model was built without hydrogen atoms and hence we usually omitted 

them in the PDB file.  

http://www.pdb.org/
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Figure 2 Some part of the ATOM record in the PDB ID: 1STC. This PDB file 1stc.pdb was opened with 

text editor EditPlus to show the atomic coordinates of glutamate (GLU), atom ID 581-589 from residue 

number 86 of chain E, and histidine (HIS), atom ID 590-599 from residue number 87. 

 

 

 

 

                                                              

         

 

Figure 3 Atomic representations of the residue number 86 and 87 which are parts of a helix from the 

PDB ID: 1STC. The peptide backbone is displayed as a large spiral tube, portraying its helical character. 

(Figures created using Discovery Studio package). 
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When coloring atom by element type, carbon atoms are usually colored in grey, oxygen atoms 

are in red, nitrogen atoms are in blue, and sulphur atoms are in yellow. The Corey-Pauling 

Koltun (CPK) model uses this coloring scheme and displays each atom as a sphere. Coloring 

atoms by their electrostatic charge is useful for visualizing binding interaction. For instance, 

glutamate and aspartate can form similar interaction due to their partial negative charge 

characters, so we can represent them as a part of the molecular surface with the same color.  

 

Table 1 The 20 amino acid side chains in stick representation. The three-letter amino acid 

name is on the top with one-letter abbreviations in parentheses. Note that these side chains 

can adopt several conformations. (Figures created using Discovery Studio package). 

GLY  (G)*  ALA  (A) SER (S) CYS (C) 

    

VAL  (V) LEU (L)  ILE  (I)  THR (T) 

    

ASP (D) GLU (E) ASN (N) GLN (Q) 

    

MET  (M) LYS (K) ARG (R) PRO (P) 

    

HIS (H) PHE (F) TYR (Y) TRP (W) 

    

(*Glycine has no side chain, so its main chain is shown instead) 
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When viewing a protein structure by showing every atoms and bonds, we can hardly see the 

polypeptide chain that those atoms belong to. Interactions among different chains can be 

observed by coloring carbon atoms from each polypeptide chain as one color per one chain.  

In order to see the organization of secondary structure elements, alpha helices are shown with 

spiral shape ribbons and beta strands are shown with thick arrows. Schematic styles can show 

the polypeptide chain direction from the head of the cylinder rods and the arrows. Some side 

chains that involve in making interactions and also the ligand can be shown with stick model 

and the rest of the side chains are usually omitted for clarity.  

 

          

C-alpha traces         Solid r ibbon, Cartoon  

          

Schematic      VDW surface  

Figure 4 Amino acid representation of the PDB ID: 2P10.  In the schematic style, alpha helices are 

displayed as rods, beta strands are represented by arrows, and turns are drawn as traces. In the VDW 

surface style, each atom is represented as a sphere with its van der Waals radius. (Figures created using 

Discovery Studio package). 


