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Biological systems
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*A complex system is composed of many parts which interact with each other in multiple ways,
culminating in a higher order of emergence greater than the sum of its parts (synchronized double
pendulum from Huygens)




Aggregazione gerarchica delle biomolecole:

dal monomero al network polimerico
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Appel, E.A., et al., Chemical Society Reviews. 2012



Nano-aggregati e idrogel:

applicazioni

Agricoltura

W.E. Rudzinski et al.,
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Y.S. Zhang et al., Science 2017
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7 Q. Zou et al., J. Am. Chem. Soc. 2017
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Sistemi fotosintetici bio-inspirati

Sfruttando la capacita delle biomolecole di
auto-aggregare vogliamo riprodurre
artificialmente dei sistemi in grado di

trasferire energia, prendendo ispirazione dali
o complessi proteici fotosintetici.

J.G. Woller et al., J. Am. Chem. Soc. 2013
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Q. Zou et al., Adv. Mater. 2016
Mura, F, et al., Dyes and Pigments. 2020



Nano-aggregati formati attraverso

I’auto-aggregazione di peptidi corti

Attraverso il controllo della struttura e della
morfologia degli aggregati peptidici si puo
controllare la spaziatura e I’orientazione tra i
cromofori, entrambi sono parametri essenziali per
avere il trasferimento di energia.

Lo scopo e quello di produrre degli strati attivi
efficienti per lo sviluppo di celle solari ibride di
nuova generazione.

Jayawardena, K.1., et al. Nanoscale. 2013



Studio multiscala attraverso un
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Watson and Crick

«Photograph 57» “Molecular structure of nucleic acids:
Franklin and Gosling a structure for deoxyribose nucleic acid’
Nature 1953 171.4356, 737—-7.



Gellert, Lipsett, and Davies.
“Helix formation by guanylic acid”.
Proceedings of the National Academy of Sciences
1962 48.12,2013-2018
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G-quadruplex secondary structure topologies
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G4 structure and stability depend on various factors: sequence, loop length, flanking
nucleotides, concentration, and the presence of cations




Applications




What ?

Dynamics
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How? Where?

In-house

0 Sample preparation

O UV-Vis absorption spectroscopy (ABS)

O Circular dichroism spectroscopy (CD)
Infrared spectroscopy (IR)

O Fluorescence spectroscopy (Fluo)
(Sapienza, Rome)
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How?

O Singular Value Decomposition (SVD)

O Extremely coarse-grained simulations
(ECGS)
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Main protease from SARS-CoV-2
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Life at extreme conditions
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The hydrogen atom of microbiology

S— Size: 3 microns

Substance

Macromolecules
Protein
RNA

23S RNA

16S RNA

5S RNA

Transfer RNA (4S)

Messenger RNA
Phospholipid
Lipopolysaccharide (outer membrane)
DNA
Murein (cell wall)
Glycogen (sugar storage)
Total macromolecules

Small molecules

Metabolites, building blocks, etc.
Inorganic ions
Total small molecules

% of total dry weight

55.0
20.4
10.6
5.5
0.4
2.9
0.8
9.1
3.4
3.1
2.5

Number of
molecules
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19,000
19,000
19,000

200,000
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1.2 x 109
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Crowded E. coli
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Global proteome dynamics
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Dr. Sara Catalini
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