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Single particle imaging (SPI)
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Contolling orientation with electric field
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Computational apprach
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Ab initio calculations Classical MD simulations

Soler, et al., J. Condens. Matter Phys (2002) Hess, et al., J. Chem. Theory Comput. (2008)

Orientation recovery

Loh, et al.,Phys. Rev. E (2009)
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TABLE 1 Covalent and hydrogen bond forces at the
1 O e s i s s 6 i i S S G S 8 o i - - . . . . .
N equilibrium of particular relevance in proteins
BDF
= 0.85 & bl Covalent bonds (46) Hydrogen bonds (47)
% . Type Force (eV/A) Type Force (eV/A)
—_0.64 | Classical MD C-N ~2.0 N-H---O ~0.08
E o C-C ~2.2 C-H---N ~0.12
L 04- . C-S ~1.4 O-H---O ~0.10
e 5 . C-O0 ~2.5 C-H---O ~0.20
" S-S ~1.3 - -
0.2 "
.,.°° Force values are computed by dividing the tabulated energies by the tabu-
&0 z' lated equilibrium bond distances. Hydrogen bonds are indicated by - - -
0 10 20 30 40 50 Sinelnikova, EDS, et al. Biophys J. (2021)
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. Classical MD simulations
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. Classical MD simulations
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Orientation recovery
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Marklund, et al., Phys. Chem. Lett. (2017)
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Orientation recovery
Convergence vs iterations
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Orientation recovery
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Orientation recovery
o Detector masking
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Orientation recovery
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Reference EMC — No orientation

EEMC — With partial orientation

14/10/2021 Emiliano De Santis 16/20



Conclusions
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* |tis possible to orient a protein with EF

 We found a window of electric field strengths that allows
orientation without destroying the protein structure

 There is a substantial benefit of the pre-orientation on the 3D
reconstruction
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Mass Spectrometry for Single-Particle
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In progress...

UPPSALA
UNIVERSITET

Orientation of virus capsid
oligomers :

Orientation of
proteins in
solution

Orientation of proteins
incapsulated in water
layers
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