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Books
• Introduction to Protein structure

     Carl Branden & John Tooze 

     Garland Science

• How proteins work

    Mike Williamson

     Garland Science / Taylor & Francis

• Molecular biology of assemblies and machines

    Alasdair Steven, Wolfgang Baumeister, Louise N. Johnson, & Richard N. Perham

    Garland Science



A working machine



 Flow of genetic information



Transcription and translation



An Overview of Protein Functions



α-amino acids-building blocks of protein 

L-amino acids

D-amino acids

α-alanin

β-alanin



α-amino acid side chain



α-amino acid side chain

GSH είναι παρών στα περισσότερα κύτταρα σε υψηλά ποσά
Αναγωγικό / αντιοξειδωτικό
Διατηρεί πρωτεΐνες, μεταλλικά κατιόντα ανηγμένα
Διατηρεί τα ένζυμα οξειδοαναγωγής σε ανηγμένη κατάσταση
Αφαιρεί τοξικά υπεροξείδια Οξειδωνεται σε διμερές (GSSG)

Glutathione 
peroxidase



α-amino acid side chain



α-amino acid side chain

Pyrrolysine functions as a catalytic 
amino acid in specialized enzymes, 
particularly those involved in 
methylamine metabolism.

Methylamine → methyltransferase 
enzyme containing pyrrolysine → 
transfer of methyl group → 
energy/carbon metabolism



Physicochemical classifications of the 20 common aa



α-amino acid in proteins



Peptide bond

Partial double bound character



Dihedral angle



Prohibited conformations
• many φ (phi) and ψ (psi) values are 

prohibited by steric interference
– φ and ψ cannot both = 0 degrees 



β sheet

α helices

left-handed helix

glycine. proline

Ramachandran Plot





Peptide bond in proline



Levels of structure in proteins

• four levels: 
• primary structure = covalent bonds linking amino acid residues in a polypeptide chain 
• secondary structure = recurring structural patterns
• tertiary structure = 3D folding of polypeptide
• quaternary structure = 2+ polypeptide subunits



Protein sequences help elucidate the history of 
life on earth

• bioinformatics: 
– identifies functional segments in new proteins
– establishes sequence and structural relationships to 

known proteins

• essential amino acid residues = conserved over 
evolutionary time

• less important amino acid residues = vary over 
evolutionary time 



Structure of proteins
Blue: hydrophobic
Brown:aromatic
Green:polar
Olive:sulfur contain

PscB  CT2019
AlphaFold



The  Helix Is a common protein secondary structure

•  helix = simplest arrangement, 
maximum number of hydrogen bonds
– backbone wound around an 

imaginary longitudinal axis 
– R groups protrude out from the 

backbone
– each helical turn = 3.6 residues, 

5.4 Å ∼

• between hydrogen atom attached to 
the electronegative nitrogen atom of 
residue n and the  electronegative 
carbonyl oxygen atom of residue n + 4

• confers significant stability 



Handedness of the  Helix

• right-handed:
– R groups protruding 

away from the helical 
backbone 

– most common

• extended left-handed: 
theoretically less stable, not 
observed in proteins 



α helix

small electric dipoles in each peptide 
bond align through hydrogen bonds

negatively charged amino acids often 
found near the NH3

+ terminus

positively charged amino acids often 
found near the COO– terminus



α helix-Helical wheel 

amino acid residues have an intrinsic propensity to form an  
helix 

interactions between R chains spaced 3–4 residues apart can 
stabilize or destabilize  helix 
charge, size, and shape of R chains can destabilize formation 
of ion pairs and hydrophobic effect can stabilize





Poly-proline

• proline = introduces destabilizing kink in helix
• nitrogen atom is part of rigid ring

• rotation about N—C  bond not possible



β sheet-two types

• antiparallel = opposite 
orientation
• occur more frequently

• parallel = same orientation

• H bonds form between 
backbone atoms of adjacent 
segments



b-hairpin



forces holding proteins together
1. Disulfide linkages 

2. Hydrogen Bonding

3. Electrostatic interactions 

4. Hydrophobic interactions 



Water as solvent



Water as solvent

• H2O dissolves salts and charged biomolecules by screening electrostatic 

interactions

• the increase in entropy of the system is largely responsible for the ease of 
dissolving salts in water



Forces holding proteins together
electrostatic



electrostatic interactions
Arg

Cu-Zn superoxide dismutase

Electrostatic field





H-bound interactions



formation of β-hairpin
is cooperative



Van der Waals interactions



hydrophobic interactions
ΔG=ΔΗ-Τ*ΔS



Amphipathic Compounds in Aqueous Solutions

• polar, hydrophilic region 
interacts favorably with 
H2O and tends to 

dissolve

• nonpolar, hydrophobic 
region tends to avoid 
contact with H2O and 

cluster together



The Hydrophobic Effect

• hydrophobic effect = 
– nonpolar regions cluster together
– polar regions arrange to maximize 

interactions with each other and with the 
solvent 

• micelles = thermodynamically stable structures 
of amphipathic compounds in water



water layer 

ribonuclease Hemoglobin/myoglobin



RS-SR + HOCH2CH2SH                           HOCH2CH2S-SCH2CH2OH + 2 RSH

cysteine and disulphides

It holds two portions of the protein together, biasing the 
protein towards the folded topology.

The disulfide bond may form the nucleus of a 
hydrophobic core of the folded protein

The disulfide bond increases the effective local 
concentration of protein residues and lowers the 
effective local concentration of water molecules. 

Since water molecules attack amide-amide hydrogen 
bonds and break up secondary structure, a disulfide 
bond stabilizes secondary structure in its vicinity.



entropy/enthalpy compensation ΔG=ΔΗ-Τ*ΔS



structure prediction       Highly accurate protein structure prediction with
AlphaFold

Nature volume 596, pages 583–589 (2021)

https://www.nature.com/


four-helix bundle helix–turn–helix
EF hand

coiled coil

Four Greek keys

β-α-β motif

β hairpin 

structure motifs



 β-barrel 

Retinol binding protein
Triosephosphate isomerase



Proteins with a helix



Proteins with a helix: The Globin Fold



Ridges in grooves model



ridges in grooves model

Ridge

RidgeGroove



Four helix bundle
Proteins with a four-helix bundle structure 
include 
• growth hormones
• Cytokines
• Ferritins

The four helices may splay apart to generate a 
binding pocket for cofactors and metal ions



amphipathic
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PGLa and magainin 2 (Mag2) are α-helical cationic antimicrobial 
peptides from X. laevis, with lengths of 21 and 23 amino acids, 
respectively. 
They adopt an alignment on the surface of the bilayer, but PGLa 
is able to tilt into the membrane core at high concentrations.

Gramicidin S (GS) from A. migulanus is a cyclic β-pleated 
decapeptide, and it aligns preferentially on the membrane 
surface, just like the α-helical designer-made peptide BP100 (11 
amino acids). 

The amphiphilic α-helical peptide TisB is part of a stress-
response system in E. coli and forms a transmembrane dimer. 

The different alignment states and subsequent interaction with 
the bilayer are in part a result of the differences in the 
amphiphilicity of the peptides



DOI: (10.1021/acs.jmedchem.8b01428) 



Coiled-coil 



coiled coil fibrous proteins

•give strength and/or flexibility to structures
•simple repeating element of secondary structure
•H2O insoluble due to high concentrations of hydrophobic 
residues

Structure Characteristics Examples of occurrence
α Helix, cross-linked 
by disulfide bonds

Tough, insoluble protective 
structures of varying hardness 
and flexibility

α-Keratin of hair, feathers, nails

β Conformation Soft, flexible filaments Silk fibron

Collagen triple helix High tensile strength, without 
stretch

Collagen of tendons, bone 
matrix



The Structure of α-Keratin in Hair
• α-keratin helix is a right-handed α helix
• two strands of α-keratin, oriented in parallel, wrap about each other to form a supertwisted 

coiled coil
– supertwisted helical path is left-handed

• rich in hydrophobic residues: Ala, Val, Leu, Ile, Met, Phe 
• cross-links stabilized by disulfide bonds



The Structure of Collagen

collagen = found in connective tissue
• secondary structure = left-handed, 

repeating tripeptide unit Gly–X–Y, 
where X is often Pro and Y is often 4-
Hyp 

• tertiary and quaternary structure = 
right-handed twisting of 3 separate 
polypeptides



Covalent Cross-Links in Collagen Fibrils

• cross-linked by covalent bonds involving 
Lys, HyLys (5-hydroxylysine), or His 
– links create uncommon amino acid 

residues 
• scurvy is caused by a lack of vitamin C

– characterized by general 
degeneration of connective tissue

• vitamin C is required for the hydroxylation 
of proline and lysine in collagen



β-sheet fibrous proteins
(-Gly-Ser-Gly-Ala-Gly-Ala-)n

Silk Fibroin is strong, inextensible, insoluble and chemically inert 

• main protein in silk
• predominantly β conformation
• rich in Ala and Gly 
• stabilized by hydrogen bonding 

and van der Waals interactions



Proteins in biological membranes



Membrane protein α Helix
rhodopsin



hydrophobic/hydrophilic



potassium channel



OmpX b-sheet
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