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In one direction 



Protein Interactions in vivo 

Σε μια χημική αντίδραση που είναι αρκετά γρήγορη

Ο ρυθμός ενός ενζύμου εξαρτάται από
 το πόσο γρήγορα το υπόστρωμα μπορεί να διαχυθεί στην ενεργό θέση και το πόσο γρήγορα το προϊόν μπορεί να διαχυθεί 
έξω. 

Αυτός ο ρυθμός είναι ανάλογος με τον ρυθμό διάχυσης-σύγκρουσης, ο οποίος με τη σειρά του εξαρτάται από το μέγεθος 
των μορίων και το ιξώδες του μέσου.



collision rate

Kcat είναι η καταλυτική σταθερά για τη μετατροπή του υποστρώματος 
σε προϊόν

Km είναι η σταθερά Michaelis





rate of diffusion Dielectric constant 

ε είναι η διηλεκτρική σταθερά

Ionic strength 

Electrostatic screening

 



Acetylcholinesterase 



Collision rates electrostatic orientational steering



Cytochrome c

Red basic
Green acidic



Cytochrome c Electrostatic steering 

ένας κρίσιμος μηχανισμός μέσω του οποίου το κυτόχρωμα c (cyt c) εντοπίζει 
και συνδέεται αποτελεσματικά με τους φυσιολογικούς του συνεργάτες, όπως 
η κυτόχρωμα c αναγωγάση (Σύμπλεγμα III) και η κυτόχρωμα c οξειδάση 
(Σύμπλεγμα IV), στον ενδομεμβρανικό χώρο των μιτοχονδρίων. 



Complex structure of cytochrome c–cytochrome c oxidase reveals a novel protein–protein interaction mode
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σύμπλεγμα συνάντησης 
encounter complex 



σύμπλεγμα συνάντησης 

Xie, H., Lyratzakis,A  et al. PNAS 2023



M. Hoefling, K.E. Gottschalk /Journal of Structural Biology 171 
(2010) 52–63

barnase with inhibitor barstar



inside of a cell



 volume exclusion

TRENDS in Biochemical Sciences Vol.26 No.10 October 2001



The collision rate thus 
depends most critically on the 
size rA  of the diffusing 
molecule: 

relative sizes 



Find the partner
Processivity decreases the off-rate from 
polymeric substrates 



Glycogen

J. Biol. Chem. (2018) 293(19) 7089 –7098



Glycogen granule and 
the actin-rich spherical 
structures



Glycogen associated proteins



Find the partner

glycogen synthase (GS) 
glycogen-branching enzyme (GBE) 



Find the partner



Plastics



 The general structure of PHAs 

 Similar properties to conventional plastics
• Accumulated in the form of granules in
microorganisms, as a type of carbon storage
• PHB is the most studied PHA



Find the partner

I. Kanavaki, A. Drakonaki, E.D. Geladas, A. Spyros, H. Xie, G. Tsiotis, 
Polyhydroxyalkanoate (PHA) Production in Pseudomonas sp. phDV1 Strain Grown on Phenol as Carbon Sources., Microorganisms. 9 
(2021). 

A Drakonaki, E Mathioudaki, ED Geladas, E Konsolaki, N Vitsaxakis,, N & Tsiotis, G. Production of Polyhydroxybutyrate by Genetically 
Modified Pseudomonas sp. phDV1: A Comparative Study of Utilizing Wine Industry Waste as a Carbon Source Microorganisms 11 (6), 1592



Geladas, E.D.; Lyratzakis, A.; Drakonaki, A.; Gkikas, G.; Tsiotis, G. Isolation and Characterization of Carbonosomes from Pseudomonas sp. phDV1 Grown Using Phenol 
as Carbon Source. Microorganisms 2025, 13, 369. https://doi.org/10.3390/microorganisms13020369

Carbonosomes



Geladas, E.D. Master Thesis UoC, 2023



PHB granule organization



PHB granules



Find the partner

Polyphosphate (polyP) is a linear polymer of phosphate 
residues linked by energy-rich phospho-anhydride bonds. 



Polyphosphate granules

M. Kudryashev et al. / Biochimica et Biophysica Acta 1837 (2014) 1635–1642



Polyphosphate granules

Lytatzakis et al., BBA - General Subjects 1868 (2024) 130718



Polyphosphate granules

Lytatzakis et al., BBA - General Subjects 1868 (2024) 130718



cellulose



cellulase





Searching is faster in 
two dimensions 



Searching is faster in two dimensions 



GPCR-mediated G protein activation process



Searching is slightly faster again in one 
dimension 

Oct-1 has two DNA-binding domains 



Searching is faster in smaller compartments 



Searching is faster in smaller compartments 



Molecular landscape of Chlamydomonas 
mitochondria

doi: https://doi.org/10.1101/2024.09.03.610704



Subtomogram average of the native Chlamydomonas 
respirasome The I2 III4 IV6 respirasome 



Models of the isolated and 
native respirasomes



Sticky arms 



tyrosine kinases receptor



tyrosine kinases receptor



SH2 domains 



Structural features of 
recognition by SH2 domains



Structural water molecules mediating protein–peptide 
interactions



SH3 domains 



SH3 domain



deactivation and activation of kinases

proline-serine-threonine-alanine-isoleucine-arginine-glutamate (PSTAIRE)



Src tyrosine kinase



Src tyrosine kinase



Active vs inactive



Abl kinase



Post-translational modifications of proteins



Phosphorylation



cell cycle 



cell cycle 

Biomedicine & Pharmacotherapy 107 (2018) 1326–1341



CD kinase



CD kinase



ubiquitylation 



ubiquitylation 



Phosphatases 



Lipidation

Front. Oncol., 29 June 2017 



Lipidation



Lipidated therapeutics



Lipidated therapeutics

Viruses 2012, 4(12), 3859-3911

Escape from Human Immunodeficiency Virus Type 1 (HIV-1)



chromosome



Drosophila nucleosome core 
H2A, H2B, H3, and H4 



Modification



Effects



effects





Protein quality control

Frontiers in Cell and Developmental Biology 8:425





Pancreatic β cells 



 self-splicing polypeptides
 Ser or Cys

Asn

 Ser, Thr, or Cys

A biotechnological application of inteins. 
the fusion of domain 1 with an intein 
(created genetically by fusing the genes) is 
induced to self-cleave by addition of an 
external thiol, RSH. 

The thioester thus formed is subsequently 
cleaved by a second domain starting in
a cysteine, to give a two-domain protein.





Catalysis

free energy profiles of uncatalyzed and enzyme-catalyzed 
reactions



isomer

enantiomer diastereoisome
r



catalytic mechanism of the pancreatic 
protease chymotrypsin

Substrate specificity 



selectivity



Pocket

 

F Phenylalanin, Y Tyrosin, W Tryptophan, M Methionine
K Lysine, R Arginine
A Alanine, S Serine



related serine peptidases

Specificity pocket mutations leading 
to acquisition of tryptic activity
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