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Multi-scale approach

for Proteins & Nanoparticles
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How can we extract
model parameters from
experiments and make

a predictive model?




Application Suite

BUBBLES by ovilanova - Iceweasel

K3 @ ovilanova.github.io/BUBBLES/

.:BUBBLES.:.

b Download .zip b Download .tar.gz Q View on GitHub

Available for

download

What's this?

BUBBLES ("BUBBLES is a User-friendly Bundle for Bio-nano Large-scale Efficient
Simulations”) is a set of tools designed to simulate the interactions and kinetics of

Nanoparticles in biological enviornments of aqueous solutions containing proteins. I n Sta I I a b | e &

Installing and running

ready to use

A simulation can be run in a very few steps, just download the code, uncompress it
and compile it:

$ cd src/
$ ./compile.sh

$cd ..

Next you can edit and run the initial configuration script, and run the simulation with a

& F= AR S )

https://github.com/bubbles-suite/BUBBLES




Kinetics for
proteins adsorbing on a
NP?
Comparison with
experiments!




Prediction for Fib competing with HSA

(precoated on NP) for increasing [HSA]
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Prediction for Fib competing with HSA
(precoated on NP) for increasing [HSA]

_Fraction Bound of Fibrinoger

Num [HSA]=0.00

1.0 1T
7 .11 | — Num [HSA]=0.18
Pristine NP / — Num [HSA]=0.35
/ Num [HSA]=0.70
0.8} Num [HSA]=1.00
Num [HSA]=3.50
—  Num [HSA]=7.00
©
2 0.6 Num [HSA]=10.00
Q
va) P el mg/ml
: Y
(@]
E 0
C04f
s . ~N
*o*® - /
'
02l . . Theory
Simulations (prediction) N
Large IBh
slowing-down
OO-:"—-_3-_ ‘2 1 .....Ll A ....10 A ........l RS S T -
10° 10 10° 10° 10 10

Time (min)

1




Verification for Fib competing with HSA
(precoated on NP) for increasing [HSA]
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3 Proteins (HSA 1st + Tf 2nd + Fib 3rd)
competition on 5102 100 nm NPs
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3 Proteins (HSA 1st + Tf 2nd + Fib 3rd)
competition on 5102 100 nm NPs

at HIGH concentration [HSA]= [Tf] = 3.50 mg/ml
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Memory Effect: invert the incubation
order (>1h) changes the hard-corona
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Conclusions

TAKE HOME MESSAGE: We can predict the multicomponents NP-protein
corona kinetics & composition from experiments of monocomponent solutfions.

We understand kinetics of hard and soft NP-corona (Open-source software:
Bubbles “Bubbles is a User-friendly Bundle for Bio-nano Large-scale Efficient
Simulations” https://github.com/bubbles-suite/BUBBLES).

Memory Effect: possible indication of irreversible degeneration of adsorbed
proteins.

Size Effect: Protein corona composition changes with NP-size;
Total adsorbed proteins increase with NP-size.

Case study: ternary “plasma” (at low and HIGH concentration)

ACINANIO) 10, 10842 (2016) —————

Understanding the Kinetics of Protein—

Nanoparticle Corona Formation

Oriol Vilanova,* "+ Judith J. Mittag,qI‘l Philip M. Ke]ly,§’"’J' Silvia Milani," Kenneth A. Dawson,§’II
Joachim O. Ridler," and Giancarlo Franzese”




ERICE 23 - 28 May 2017
Frontiers in Water BiophysiCs www.waterbiophysics.eu

: H H H Ze + “ETTORE MAJORANA FOUNDATION AND
Includi ng a Sym posium on Bio-Nano-Interactions % ) CENTRE FOR SCIENTIFIC CULTURE
5\{\\1 L TARNDS R 0 1AL AN A LATR F AR O 1o AR PRI |
Elettra Sincrotrone Trieste Dipartimento
d
Fisica ¢ L'I\mm:u

UNIVERSITA DEGLISTUDI DI PERUGIA
DIPARTIMENTO DI FISICAEGEOLOGIA

" UNIVERSITA
¢ DEGLI STUDI DI TRIESTE

Consiglio
. Nazionale delle
Ricerche

Institut de Nanociéncia E0& UNIVERSITATbe
i Nanotecnologia ;ﬁﬂ! BA RC E LO NA

with the collaboration of

Obra Social

L Fundacién "la Caixa”

n)

@

Istituto Officina
dei Materiali




= . . e =]
Institut de Nanociéncia +
i Nanotecnologia l +

Obra Soc1al

Fundacién "la Caix

http://www. FFn ub.es/gfranzese

Valentino Bianco Guillermo Cambara

Marco Bernabei Marc Castells
Carles Calero Jordi Cremadas
Fabio Leoni Luis Enrique

Oriol Vilanova Cristian Esplugas
Adrion Hernando

Svilen Iskrov
Daniel Izquierdo
Delia Lopez
Pol Vilaseca
Joan Manas
Neus Pages
Nuria Parés
Andreu Puy
Alejandro Rodriguez
wewsrs | Sotiris Samatas
Arne Zantop

SEVENTH FRAMEWORK
PROGRAMME

~  * GOBIERNO

T e J MINISTERIO
“190- DE ESPANA

DE ECONOMIA
Y COMPETITIVIDAD

A Generalitat
Y de Catalunya

E08 UNIVERSITAToe
BARCELONA

Thanks!

Alan Barros de Oliveira Giampietro Malescio

Marcia Barbosa
Sergey V. Buldyrev

Manuel Marquez
Marco Mazza

Fabio Bruni Silvia Milani
lvan Coluzza Judith J. Mittag
Kenneth Dawson Paulo Netz

Alfonso Desimone
Christoff Dellago
Hans Hermann
Philip M. Kelly
Tomas A. Kesselring
Pradeep Kumar
Erik Lascaris
Jiayuan Luo

Sara Pagnotta
Joachim Radler
David Reguera
Francisco de los Santos
Anna Skibinsky
H. Eugene Stanley
Kevin Stokely
Elena Strekalova
Limei Xu



