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Biomolecules
• proteins

• NA – DNA, RNA

• lipids

• polysaccharides

• Small molecules (hormones, drugs)
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Lodish, Molecular Cell Biology, 5th Ed.

Structural Hierarchy
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Proteins
• Amino acids

• Backbone and Sidechains

• Primary structure
– sequence of amino acids

• Secondary structure
– Local structural patterns

• Tertiary structure
– Domain Fold

• Quarternary structure
– Multichain organization

http://cs.wikipedia.org/wiki/Soubor:ProteinStructures.png
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Amino acids
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Primary Structure of Protein

Alberts, Molecular Biology of the Cell, 5th Ed.
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Secondary structure of Proteins
•Local folding

•Secondary structure depends on amino 

acid sequence

– -helix

– 3-10 helix

– β-sheet

– β-turn, loop
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Ramachandran plot
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PROCHECK summary for 1aaq

PROCHECK statistics

Ramachandran Plot statistics
      No. of residues %-tage 

     ------  ------ 

Most favoured regions [A,B,L]          146  92.4% 
Additional allowed regions [a,b,l,p]    12  7.6% 

Generously allowed regions [~a,~b,~l,~p] 0  0.0% 

Disallowed regions [XX]     0  0.0% 

     ----  ------ 

Non-glycine and non-proline residues   158   100.0% 

End-residues (excl. Gly and Pro) 2 

Glycine residues   26 

Proline residues   12 

     ---- 

Total number of residues  198 
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Tertiary Structure

• fold

– globular

– membrane

– Fibrilar

– IUP

• Necessary for 

FUNCTION

• domains
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Cuff A L et al. Nucl. Acids Res. 2011;39:D420-D426

The distribution of all non-
homologous structures (2386) 
within CATH v3.3

Classes: 
pink (mainly α), 
yellow (mainly β), 
green (αβ)
brown (little secondary 
structure).

Proportion of structures within 
any given architecture (inner 
circle) 
Fold group (outer circle). 

‘CATHerine wheels’.
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CATH update 2022
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Structural diversity in CATH Superfamilies (left) and expanded by AF2 models (right).

Bordin N et al.: AlphaFold2 reveals commonalities and novelties in protein structure space for 

21 model organisms. bioRxiv 2022, doi:10.1101/2022.06.02.494367v1.full



Petsko, Ringe – Protein structure and function

Quarternary Structure

• asociace více řetězců:
– Kooperativita

(asociace zesílí vazebné 
vlastnosti)

hemoglobin

– Kolokalizace funkce
(každá podjednotka dělá něco 

jiného)

tryptophansyntáza

– Kombinace podjednotek
(přizpůsobování)

imunoglobuliny

– Skládání větších struktur
(podjednotky uspořádávají 

procesem self-assembly)

aktin, 

virové kapsidy 
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And now for something different

– Nucleic acids
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Nucleic Acids (NA)

• Primary structure
– sequence of NA basis in chains

• Secondary structure
– set of interactions between nucleic basis

• Tertiary structure
– 3D localization of atoms

• Quarternary structure
– Higher organization levels

• DNA in chromatin

• Interaction of RNA units in ribosome or spliceosome.
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DNA – DeoxyriboNucleic Acid

• bases, deoxyribose sugar, phosphate – nucleotide

• Bases are flat → stacking

• pYrimidines – C, T

• puRines – A, G

•http://www.umass.edu/molvis/tutorials/dna/, http://ich.vscht.cz/~svozil/teaching.html
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O3‘

O5‘

C3‘

C5‘

base

sugar

Nucleoside
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Nucleotide

•nucleosides are interconnected by 

phospohodiester bond

•nucleotide monophosphate

nucleoside
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Bases complement each 

other.

Chargaffs’ rules

• amount of G = C

• amount of A = T

Watson-Crick pairing
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Párování
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DNA backbone

5’ – end

3’ – end
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Base at sugar dihedrals 

Anti

Syn
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Sugar conformation

orientation with respect to C5’

• same side – endo

• opposite side – exo
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Maderia M et al. Nucl. Acids Res. 2007;35:1978-1991

© 2007 The Author(s)

Pseudorotational cycle 

for furanose ring puckers.

Pucker conformation of 

sugars in CSD database 

from PROSIT server
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AATCGCTA

TTAGCGAT

5’

3’

3’

5’

antiparallel

DNA Double helix
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B-DNA A-DNA Z-DNA

B

A

Z

Types of DNA
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Biological role of different DNAs

• B-DNA
– canonical DNA

– predominant

• A-DNA
– Conditions of lower humidity, common in crystallographic 

experiments. However, they’re artificial.

– In vivo – local conformations induced e.g. by interaction with 
proteins.

• Z-DNA
– No definite biological significance found up to now.

– It is commonly believed to provide torsional strain relief 
(supercoiling) while DNA transcription occurs. 

– The potential to form a Z-DNA structure also correlates with regions 
of active transcription.
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Different sets of DNA

• nuclear DNA

– cell’s nucleus

– majority of functions cell carries out

– sequencing the genome – scientists mean nuclear DNA

• mitochondrial DNA

– mtDNA

– circular, in human very short (17 kbp) with 37 genes (controling 

cellular metabolism)

– all mtDNA comes from mom

• chloroplast DNA

– cpDNA

– circular and fairly large (120 – 160 kbp), with only 120 genes

– inheritance is either maternal, or paternal 30



RNA - ribonucleic acid

hammerhead 

ribozyme 2GOZ

primární struktura

sekundární struktura

terciární 

struktura
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RNA

http://en.wikipedia.org/wiki/List_of_RNAs

pre-mRNA hairpin 50S-ribozome

hammerhead ribozyme 

2GOZ
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RNA

N. B. Leontis, E. Westhof, RNA (2001), 7:499-512
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RNA sekundární struktura

N. B. Leontis, E. Westhof, RNA (2001), 7:499-512
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RNA Representations

Mokdad A , Leontis N B Bioinformatics 2006;22:2168-2170
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Richardson J S et al. RNA 2008;14:465-481

Copyright © 2008 RNA Society

RNA Backbone
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Hsiao C et al. Nucl. Acids Res. 2006;34:1481-1491

RNA Tetraloop Family Tree.
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Lipids

main phospholipids

M. Paloncyová, Lipid membranes report, 2010

38



Membrane proteins
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Polysaccharides
• role: 

– Energy storage 

– Molecular recognition

• Harder to read in 

sequences than NA or 

proteins

• Quite often on 

extracellular proteins

glycogen 40



Glycoproteins

41



Glycoproteins - sugars
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Small molecules

• NTP

– Cell energy transporter (ATP)

– Basic stones for NA

• Messengers, Agonists, antagonists

– (cAMP, xenobiotics)

caffeine ibuprofen
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Drugs and where to find them

• Drugbank

• ChEBI

• ChEMBL

• PubChem

• IDSM
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