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There’s plenty of room at the bottom

https://www.nobelprize.org/

“It would be very easy to make an analysis of any complicated 
chemical substance; all one would have to do is look at it and 
see where all the atoms are!”

Richard Feynman at the American Physical Society meeting 1959

“What you should do in order for us to make more rapid progress 
is to make the electron microscope 100 times better.”

“It is very easy to answer many of these fundamental biological 
questions; you just look at the thing!”

https://www.nobelprize.org/
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Structure and Function

https://pdb101.rcsb.org/motm/motm-about



4

Structure and Function

https://pdb101.rcsb.org/

PDB 2LYZ

https://en.wikipedia.org/wiki/Lysozyme/
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Much better microscopes

Baird et al. Nature (1958)
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Much better microscopes

1Å

Chen et al. Science (2021) 
Martynowycz et al. Nature Methods (2021) 
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Why are we talking about electrons?

Henderson, Quarterly reviews of biophysics (1995)

• X-ray crystallography has been the main 
method for high-resolution structure 
determination 

• In conventional X-ray crystallography, large 
crystals are needed

• Large crystals can extremely difficult and 
time consuming to grow

• There is a need in crystallography to 
develop methods for micro and nanocrystals
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Why are we talking about electrons?

Henderson, Quarterly reviews of biophysics (1995)

ElectronsX-rays

Elastic
Pe ≈ 0.05

Inelastic
Pi ≈ 0.95

12 keV

12 keV

12 keV

≈ 200 keV collateral damage 
per useful diffracted quantum

≈ 20 eV collateral damage 
per useful diffracted quantum

Elastic/nuclear
Pe ≈ 0.2

Inelastic 
Pi ≈ 0.8

200 keV

200 keV

200 keV

~200 keV

≈ 20 eV

Electrons: less damage per interaction than X-rays 
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X-rays and electrons scatter differently

Martynowycz and Gonen, Physics Today (2022)
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Electron scattering geometry

Martynowycz and Gonen, Physics Today (2022)

X-ray diffraction

12 keV X-ray photons, λ = 1.0332 Å
Scattering angle 2θX ≈ 62.2° at 1 Å

hk

l

Electron diffraction

200 kV electrons, λ = 0.0251 Å
Scattering angle 2θe ≈ 1.4° at 1 Å

??

?

Wavelength 
X-rays ~1.0   Å
Elections ~ 0.02 Å
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Modern Cryo-EM methods

Martynowycz and Gonen, Physics Today (2022)

Single Particle CryoEM

Electron 
cryo-tomography
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Modern Cryo-EM methods

Martynowycz and Gonen, Physics Today (2022)

MicroED
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Microcrystal electron diffraction

https://www.thermofisher.com/us/en/home/electron-microscopy/life-sciences/microed.html
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Microcrystal electron diffraction

CYS283 – CYS354

CYS139 – CYS238

ASP131

GLU148

Hattne et al. Structure (2018) 
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Microcrystal electron diffraction

de la Cruz et al. Nature Methods (2017) 
Sgro GG & Costa TR Frontiers in molecular biosciences (2018)
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Microcrystal electron diffraction

20 µm 20 µm 5 µm 20 µm 10 µm20 µm

2 µm1 µm2 µm500 nm500 nm500 nm
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Microcrystal electron diffraction

de la Cruz et al. Nature Methods (2017) 
Sgro GG & Costa TR Frontiers in molecular biosciences (2018)

500 µm 500 µm 50 µm 500 µm 500 µm 500 µm 500 µm 500 µm

5 µm 5 µm 5 µm 5 µm 5 µm 5 µm 5 µm 5 µm



18

Microcrystal electron diffraction

mVDAC (7KUH)

Lysozyme (3J6K) Catalase (3J7B)

TGF-βm-TβRII (5TY4)NaK channel (6CPV)

HIV1 Gag (6N3U)

Proteinase K (6CL7)

R2lox (6QRZ)

CypA (6U5G)

MyD88TIR (7BEQ)

HCA II (6YMA)

A2A receptor (7RM5)

Trypsin (5K7R)

Thermolysin (5K7T)

Thaumatin (5K7Q) Xylanase (5K7P)
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Electron crystallography of membrane proteins

Out

In

Detergent-lipid bicelle Lipidic cubic phase (LCP)Detergent micelle Lipid bilayer

Cytoplasm

Inner 
Mitochondrial
Membrane
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Non-selective cation channel - NaK

Detergent micelle

Liu and Gonen. Communications Biology (2018) 



21

Non-selective cation channel - NaK

Liu and Gonen. Communications Biology (2018) 

Detergent micelle
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Where are my crystals?
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Where are my crystals?
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Martynowycz et al. PNAS (2021) 
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Where are my crystals?

crystal carbon gridsolvent

Crystal too big Crystal embedded in 
media

> 1 µm
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Where are my crystals?

Kuba et al. Journal of Microscopy (2020)
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Where are my crystals?

100 µm
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Making lamellanade

Martynowycz et al. Structure (2018)

crystal carbon grid
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Making lamellanade

400 μm 5 μm 5 μm 1 μm

20 μm 20 μm 20 μm1 mm

SEM

FIB

Martynowycz & Gonen. Methods in Molecular Biology (2021)
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Making lamellanade

Martynowycz & Gonen. Methods in Molecular Biology (2021)
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Making lamellanade

1.63 Å
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mVDAC

Martynowycz et al. PNAS (2020)
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mVDAC

Martynowycz et al. PNAS (2020)

10 µm 10 µm
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mVDAC

Martynowycz et al. PNAS (2020)

3.0Å

90°

Cytoplasm

Inner
Mitochondrial 
Membrane
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A2A Adenosine Receptor

Martynowycz et al. PNAS (2021b)
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A2A Adenosine Receptor

Martynowycz et al. PNAS (2021b)

2.6Å
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Cutting deep: can we find a needle in a haystack?

Martynowycz et al. Nature Communications (2023)

SEM
FIB

iFLM
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Does plasma even work?

Martynowycz et al. Nature Communications (2023)
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Cryo-fluorescence microscopy to screen whole grids

Martynowycz et al. Nature Communications (2023)
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In chamber fluorescence microscopy of microcrystals

Martynowycz et al. Nature Communications (2023)
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pFIB slices through 10s to 100s of microns of LCP

10 µm10 µm

250 nm

SEM SEM+FLM
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A high-resolution needle in a haystack

Martynowycz et al. Nature Communications (2023)

1.9 Å
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Not a fluke – novel structures!

A novel GPCR by MicroED: V1B

Shiriaeva and Martynowycz et al. BioRxiv (2024)

3.0 Å

Ext

Cyt
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Not a fluke – novel structures!

A novel tetraspanin by MicroED: MP20

Nicolas, Shiriaeva, and Martynowycz et al. Nature Communications (2025)
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