
Lecture 6 Visualization of Protein 
Structurers



Amino acids



Level of protein structures

1st : The primary structure of a peptide or protein is 
the linear sequence of its amino acid structural units



• 2nd: Protein secondary structure is the general three‐
dimensional form of local segments of peptides.

• Secondary structure can be formally defined by the pattern
of hydrogen bonds of amino acids, (such as alpha helices
and beta sheets) that are observed in an atomic‐resolution
structure.



Alpha helix
The alpha helix (α-helix) is a common secondary structure of proteins and is a right
hand-coiled or spiral conformation (helix) in which every backbone N-H group
donates a hydrogen bond to the backbone C=O group of the amino acid four
residues earlier (i+4 i, hydrogen bonding).



Hydrogen bonding in alpha helix i+4  i



• The β sheet (also β-pleated sheet) is the second form of regular 
secondary structure in proteins. Beta sheets consist of beta strands 
connected laterally by at least two or three backbone hydrogen 
bonds, forming a generally twisted, pleated sheet. A beta strand (also 
β strand) is a stretch of polypeptide chain typically 3 to 10 amino 
acids long with backbone in an extended conformation. 



• Beta‐meander motif



How to determine the structure of peptides

• Circular Dichroism (CD)
α‐helical proteins have negative
bands at 222 nm and 208 nm and a
positive band at 193 nm.

Proteins with well‐defined
antiparallel β‐pleated sheets (β‐
helices) have negative bands at 218
nm and positive bands at 195 nm,
while disordered proteins have very
low ellipticity above 210 nm and
negative bands near 195
Nm.



• 3rd structure: Tertiary structure refers to the three‐dimensional
structure of monomeric and multimeric protein molecules. The
alpha‐helixes and beta pleated‐sheets are folded into a compact
globular structure.

Identification of alpha‐helix and beta‐sheet

Monomeric lactate dehydrogenase



Collagens
• Collagen is the main structural protein in the extracellular space in 

the various connective tissues in animals. As the main component 
of connective tissue, it is the most abundant protein in mammals, 
making up from 25% to 35% of the whole‐body protein content.

• Collagen, in the form of elongated fibrils, is mostly found in fibrous 
tissues such as tendons, ligaments and skin. It is also abundant in 
corneas, cartilage, bones, blood vessels, the gut, intervertebral 
discs and the dentin in teeth

• A single collagen molecule (also known as tropocollagen) is used to 
make up larger collagen aggregates, such as fibrils. It is 
approximately 300 nm long and 1.5 nm in diameter, and it is made 
up of three polypeptide strands 



https://www.youtube.com/watch?v=WzoIjL426YY



Collagen chemistry



• 4th structure: Quaternary structure is the three‐
dimensional structure of a multi‐subunit protein and
how the subunits fit together.

Tetrameric LDH





AlphaFold: A breakthrough in predicting protein folding by A.I. 
and machine learning



Pymol

https://pymol.org/2/
Student and teachers can download a free education version by 
registration on Pymol
https://pymol.org/edu/?q=educational
Please follow the registration requirement to receive a free download. 



Pymol Methods:
Pymol can open the crystal data from Protein Data Bank http://www.rcsb.org/pdb/home/home.do
In this lab, several protein structures are provided on sakai, including horseradish peroxidase, glucose 6‐phosphate 
dehydrogenase and lactate dehydrogenase. 

M-2: Show the folding of 
polypeptides (cartoon mode) of 
random loop, alpha helix and 
beta sheet (2nd structure).

M-3: Show the folding of a 
monomeric protein (3rd structure)

M-4: Show 4th structure of 
interaction between 
multimeric proteins:

M-5: Show protein-
ligand interaction: 

M6: Measurement of Protein 
Sizes (under wizard):

M‐1: Pymol can show polypeptide sequences (1st structure):



Horseradish peroxidase (HRP)

• List 4‐level of protein structures
• How long is the polypeptide chain (aa): 
• Identify alpha helix and beta‐sheet
• Identify multimeric interaction
• Identify protein surface/ backbone
• Identify ligand‐protein binding
• Protein size



Command panel

View panel





View panel
View option

A: Action;  S: Show; H: Hide; C: Color

Most useful:
Sticks: Chemical bonds
Cartoon: 2nd structures, 
alpha helix or beta sheet
Surface: Protein surface



Protein size measurement

Under wizard ‐
measurement, choose 
two position on protein 
to measure the 
distance. The unit is 
Angstrom (0.1 nm) 

If there are too many 
overlaid 
measurements, you 
can choose to delete 
them in the right 
bottom corner



https://www.youtube.com/watch?v=aDmOe1ZgTz0



Project 1: Horseradish peroxidase 
(HRP)

• How many polypeptide chains?
• How long is the polypeptide chain (aa): 
• Identify alpha helix and beta‐sheet
• Identify protein surface/ backbone
• Identify ligand‐protein binding
• Protein size



Project 2: Glucose‐6 phosphate dehydrogenase 
(G6PDH)

• List 4‐level of protein structures
• How long is the polypeptide chain (aa): 
• Identify alpha helix and beta‐sheet
• Identify multimeric interaction (cartoon, 
identify interface)

• Identify protein surface/ backbone
• Protein size



Project 3: Lactate Dehydrogenase 
(LDH)

• How many polypeptide chains?
• How long is the polypeptide chain (aa): 
• Alpha helix/ beta‐sheet
• Protein backbone
• Protein surface
• Multimeric interaction (cartoon, identify 
interface)

• Identify ligand (NAD)‐protein binding
• Protein size



Extra Project 4: SARS‐COV‐2:  Spike protein for targeting on 
human ACE‐2 receptor, trigger infection

https://asm.org/Articles/2020/January/2019‐Novel‐Coronavirus‐2019‐nCoV‐Update‐Uncoating

Spike domain
ACE‐2 receptor domain



• Identify spike domain and ACE‐
2 receptor in the complex

• How many AA in Spike domain?
• How many AA in ACE‐2 
receptor domain?

• Measure the size of this 
complex

• Highlight binding interface of 
“483 – EGFN….GVGY‐504” on 
spike protein

Extra Project 4: 

http://www.rcsb.org/structure/6LZG



A Data Report is required for the Project 1‐3
TASK-1: Horseradish peroxidase (HRP), use cartoon of figures to illustrate following structures

• How many polypeptide chains in HRP?
• How long is the polypeptide chain (aa): 
• Identify alpha helix and beta-sheet
• Identify protein surface/ backbone
• Identify ligand-protein binding (label heme cofactor)
• Protein size (in A or nanometer)

Task -2: Gluose 6-phsophate dehydrogenase (G6PDH):

• List 4-level of protein structures, give an example of each structure
• How long is the polypeptide chain (aa): 
• Identify alpha helix and beta-sheet
• Identify multimeric interaction (cartoon, identify interface)
• Identify protein surface/ backbone
• Protein size

Task -3: Lactate dehydrogenase (LDH):

• How many polypeptide chains in LDH?
• How long is the polypeptide chain (aa): 
• Identify alpha helix and beta-sheet (Show cartoon structure)
• Show protein surface?
• Protein size (in diameters, use measurement tool)
• Label LDH – NAI (NAD analogue) ligand interaction

Summarize your results for Task 1 -3, submit a word document of Task results. You must use figures from Pymol to demonstrate each task. 


