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Expanding the
Boundaries of Complexity
TRENDS with 3D Electron Microscopy
3D electron microscopy (3DEM) is revolutionizing
the field of structural biology. Atomic structures of
biomolecules are now being determined by 3DEM,
due to recent advances in several key technologies,
including methods for sample preservation, vastly
improved microscopy optics and detectors, and
novel methods for structure solution with
advanced computing.
Researchers are also taking an integrative
approach, determining atomic structures
of subunits with X-ray crystallography and
NMR spectroscopy, then using them to
build a large assembly based on data from
3DEM. 3DEM is proving to be a perfect
complement to X-ray and NMR techniques,
since 3DEM is most effective on large,
complex assemblies, which are typically
difficult to study by other methods, and
does not require large quantities of material,
homogeneous samples, or crystallization.

Bacteriorhodopsin
PDB ID 1brd
R. Henderson, J. M. Baldwin,
T. A. Ceska, F. Zemlin, E.
Beckmann, K. H. Downing.
(1990) Model for the structure of bacteriorhodopsin
based on high-resolution
electron cryo-microscopy.
J Mol Biol 213: 899-929.

Bacteriorhodopsin uses energy
captured from sunlight to pump
protons. This was the first EM
structure released in the PDB, and
was determined using electron
crystallography of two-dimensional
sheets of the protein. A very similar
protein, studied much later by X-ray
crystallography, is responsible for
detecting light in the human retina.
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In 2017, Jacques Dubochet,
Joachim Frank, and
Richard Henderson were
recognized with the Nobel
Prize in Chemistry for
their contributions to the
determination of atomic
structures using single-particle
cryo-electron microscopy,
currently the most prominent
and highest resolution of
the 3DEM techniques. Two
structures from the Frank and
Henderson laboratories are
included below, along with
a few other notable
3DEM structures on
the reverse.

Ribosome and EF-G
PDB ID 3j9z

R. Langlois, S. Sanyal, J.
Frank. (2015) Activation of
GTP hydrolysis in mRNA-tRNA translocation by elongation factor G. Sci Adv 1.

Ribosomes are the complex
molecular machines that read
the genetic code to build the
enzymes and other proteins
that sustain life. This cryoEM
structure reveals how the
elongation EF-G helps the
ribosome step from one codon
to the next.
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Amyloid Fibril
PDB ID 5oqv

Photosystem II
PDB ID 5xnl
X. Su, J. Ma, X. Wei, P. Cao, D. Zhu, W.
Chang, Z. Liu, X. Zhang, M. Li. (2017)
Structure and assembly mechanism of
plant C2S2M2-type PSII-LHCII supercomplex. Science 357: 815-820.

Photosystem II captures the energy from
sunlight and uses it to extract electrons
from water molecules. This cryoEM structure
includes a supercomplex of the photosystem
and several light-harvesting proteins.

Structures from 3DEM are made publicly available
in the PDB archive to help further scientific research
and education. The PDB released its first 3DEM
entry in 1991, the ground-breaking structure of
bacteriorhodopsin. Since then, more than 1700
3DEM structures have been made available in the PDB
archive, with more than 1000 released from 2015-2017.
Mollusk hemocyanin
PDB ID 3j32

Q. Zhang, X. Dai, Y.
Cong, J. Zhang, D. H.
Chen, M. T. Dougherty,
J. Wang, S. J. Ludtke,
M. F. Schmid, W. Chiu.
(2013) Cryo-EM structure of a molluscan
hemocyanin suggests
its allosteric mechanism. Structure 21:
604-613.

Zika
PDB ID 5uhy
S. S. Hasan, A. Miller,
G. Sapparapu, E.
Fernandez, T. Klose,
F. Long, A. Fokine,
J. C. Porta, W. Jiang,
M. S. Diamond, J. E.
Crowe, Jr., R. J. Kuhn,
M. G. Rossmann. (2017)
A human antibody
against Zika virus
crosslinks the E protein
to prevent infection.
Nat Commun 8: 14722.

Structures
of Zika virus
are helping
researchers
design new
vaccines to
stop infection.
This cryoEM
structure shows
how antibodies
attack the
virus.

Oxygen is carried
in our blood by
hemoglobin stored in
red blood cells, but
molluscs and other
invertebrates use
large hemocyanin
proteins that float
free in their blood.
This cryoEM structure
of hemocyanin from
abalone reveals a
huge cylindrical
complex of subunits.

L. Gremer, D.
Scholzel, C. Schenk,
E. Reinartz, J.
Labahn, R. B. G.
Ravelli, M. Tusche,
C. Lopez-Iglesias,
W. Hoyer, H. Heise,
D. Willbold, G. F.
Schroder. (2017)
Fibril structure of
amyloid-beta(1-42)
by cryo-electron
microscopy. Science
358: 116-119.

Alzheimer’s disease
and prion diseases
involve unnatural
aggregation of
proteins into
amyloid fibrils. This
cryoEM structure
shows a fibril of
amyloid beta A4
protein, the main
component of
senile plaques in
Alzheimer’s disease
patients.

