Deep-learning based 3D map sharpening in

cryo-electron microscopy

Mona Zehni, Minh N Do, Zhizhen Zhao

University of lllinois at Urbana-Champaign, CSL

mzehni2@illinois.edu

February 27, 2020

1/11



Motivation

@ Proteins play a crucial role in our
lives!

Enzymes || Hormones

D |2

2/11



Motivation

@ Proteins play a crucial role in our
lives!

Enzymes
@ Their functionality (O 3D

Hormones || Transport
.
=®
structure

2/11



Motivation

@ Proteins play a crucial role in our
lives!

@ Their functionality (O 3D
structure

@ Cryo-Electron Microscopy:
Recovers the 3D structure

Enzymes

Hormones

Transport

2/11



Motivation

Proteins play a crucial role in our
lives!

Their functionality ¢ 3D
structure

Cryo-Electron Microscopy:
Recovers the 3D structure

Shortcomings in reconstructing the
structure ¥ Harder to find
atomic structure

Enzymes




Motivation

Proteins play a crucial role in our
lives!

Their functionality ¢ 3D
structure

Cryo-Electron Microscopy:
Recovers the 3D structure

Shortcomings in reconstructing the
structure ¥ Harder to find
atomic structure

Enzymes

Hormones

Transport

2/11



QOutline

@ Problem definition

@ Related work
@ Our approach

@ Preliminary results

@ Conclusion

3/11



Problem definition

22—

Turn a low-resolution map in to a high-resolution one!

4/11

J



Problem definition

Challenges:

Turn a low-resolution map in to a high-resolution one!

J

4/11



Problem definition

Turn a low-resolution map in to
Challenges:

a high-resolution one!

J

@ Variable resolution across the map

4/11



Problem definition

Turn a low-resolution map in to a high-resolution one!
Challenges:

J

@ Variable resolution across the map

@ Unclear forward mapping between the low and high resolution
pairs

4/11



Problem definition

Turn a low-resolution map in to a high-resolution one!
Challenges:

J
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@ Protein structures from SCOPe database!
15; 000 protein structures
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@ Protein structures from SCOPe database!
15; 000 protein structures
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Conclusion
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Future work
@ Using the knowledge of protein sequence to better enhance
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o Consider other type of map degradation in experimental
density maps
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