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to the wild-type CO05 IgG mAb, which
bound to and neutralized 8 out of 24
tested strains with at least 100 nM bind-
ing affinity. The two cyclic peptide de-
signs showed 100 nM binding to at least
11 and 10 strains, respectively. Howev-
er, when the biological activity of these
peptides was tested in influenza HN1
hemagglutinin  neutralization  assay,
these designed peptides showed no ac-
tivity. Among several factors, the au-
thors attribute the lack of avidity in
neutralizing assays to the monomeric
nature of the cyclic peptide designs,
which can be addressed in the future
by using a scaffold protein.

Although the newly designed re-
agents in this study would require
additional modifications before bio-
logical activity is achieved, this work
was successful in delivering cyclic
peptides that assume biologically
active conformations. Further, the
authors confirmed the hypothesis
that by focusing on the more
conserved part of the paratope, a
molecule can be created that binds
to a wide range of influenza strains.
This work showcases the benefit
and viability of rationally designing
new biologics for desired therapeu-
tics purposes.
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The determination of protein structures from nanocrystals grown in lipidic cubic phase (LCP) is a promising
crystallographic approach. In this issue of Structure, Zhu et al. (2020) extract crystals from the dense matrix
of monoolein LCP for interrogation by micro electron diffraction (MicroED) and yield a 2 A structure of

Proteinase K.

Over the past 20 years, lipidic cubic
phases (LCPs) have changed a facet of
membrane protein crystallography. The
observation in 1996 that 3D crystals of
bacteriorhodopsin grow in an LCP matrix
(Landau and Rosenbusch, 1996) pre-
sented new opportunities for the crystalli-
zation of challenging membrane proteins.
LCP-based crystallization has since been
successful in generating over 200 struc-
tures of membrane proteins by a variety
of crystallography techniques. In this
issue of Structure, Zhu and coworkers
demonstrate that protein crystals can be
extracted from LCP in a manner suitable
for high-resolution structure determina-
tion by micro electron diffraction
(MicroED).

Atits core, the LCP method involves the
reconstitution of solubilized membrane
proteins into the curved lipid bilayers of

a monoacylglycerol in the cubic phase
(Figure 1A). Membrane proteins may find
a more hospitable environment in this
phase than in the detergents used for their
solubilization. The addition of precipitants
that locally destabilize the cubic phase
promote the formation of a lamellar phase
enriched in protein that acts as a nucleus
for crystal formation. Wider adoption of
LCP as a crystallization medium has coin-
cided with the development of automated
sample handling and serial X-ray crystal-
lography, alleviating some of the chal-
lenges caused by the highly viscous na-
ture of LCP (Cherezov et al., 2004).
While crystals grown in LCP can be small
and challenging for conventional X-ray
diffraction data collection and require
extensive optimization, they are suitable
for serial crystallography techniques at
both synchrotrons and X-ray free electron
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lasers. The lower rates at which LCP can
be extruded by sample injectors,
compared to aqueous solutions, allows
for greater hit rates between X-ray pulses
and crystals, drastically reducing sample
consumption (Weierstall et al., 2014).
This is particularly useful for membrane
proteins that may be produced or isolated
in smaller quantities than soluble proteins.
In an important milestone for serial crys-
tallography, LCP has enabled its determi-
nation of G protein-coupled receptor
(GPCR) structures (Liu et al., 2013).

To adapt LCP crystallography to
MicroED, Zhu et al. (2020) tackle hurdles
in sample preparation that have tradition-
ally rendered LCP-grown crystals incom-
patible with this technique. As a cryo-EM
method, MicroED inherited sample
preparation techniques that were devel-
oped to interrogate single molecules or
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Figure 1. Extraction of Crystals from LCP for MicroED Experiments
(A) lllustration of crystal growth in the mesophase. Protein crystals are shown growing in highly viscous LCP. A magnified view illustrates proteins assembling into
a single crystal within lipid bilayers in the LCP, which is locally destabilized to promote formation of a lamellar phase. Proteins are shown diffusing freely within

bilayers and appending to a growing lattice.

(B) Side-by-side comparison of two potential methods for extracting LCP grown crystals for use in MicroED experiments. Blue panels illustrate instances of the
workflow presented by Zhu et al. (2020) where the LCP is first degraded by treatment with lipase (green globules) reducing the viscosity of the solution (left). EM
grids can then be prepared by conventional plunge freezing (middle) and small, thin crystals are identified for diffraction by TEM (right). Orange panels illustrate
instances of the workflow presented by Polovinkin et al. (2020). Crystals embedded in LCP are transferred directly onto EM grids using a mitogen loop (left) and
flash frozen without blotting (middle). A lamella of suitable thickness for MicroED is obtained from a microns-thick crystal after focused ion beam milling (right).

molecular crystals in a thin layer of vitre-
ous ice on a transmission electron micro-
scopy (TEM) grid (Shi et al., 2013). If pro-
tein crystals tolerate being crushed or
collected, crystal suspensions can be
deposited onto a grid for MicroED anal-
ysis. They are subjected to wicking or
blotting to remove as much of the mother
liquor as possible, without compromising
their integrity; blotting conditions must
be optimized against mother liquor
composition during freezing. Once a
specimen is sufficiently thin, diffracted
beams can be collected by the lens sys-
tem of a TEM and recorded on a camera
as the illuminated crystal is rotated unidi-
rectionally within the beam (Nannenga
et al., 2014).

Removal of nearly all excess material
enveloping a crystal by blotting is poorly
effective with especially dense, viscous,

or quasi-solid media. Perhaps no medium
presents a greater challenge to blotting
than quasi-solid LCP. While the extrusion
of semi-solid crystal suspensions in LCP
is beneficial to serial crystallography, the
viscoelastic properties and metastable
nature of LCP challenges wicking, dilu-
tion, centrifugation, and other methods
of crystal harvesting. When these
methods are used to extract crystals
from a dense LCP matrix, the integrity of
the crystals may be compromised by the
process, ultimately affecting the quality
of their diffraction. Zhu et al. overcome
these challenges by carrying out a sys-
tematic search for appropriate methods
to extract protein crystals from monoolein
LCP in amanner compatible with cryo-EM
methods (Zhu et al., 2020).

To achieve their goal, Zhu et al. (2020)
screen both chemical and enzymatic

routes for crystal extraction from LCP, at-
tempting to achieve the thinnest possible
layer of material surrounding crystals of
interest (Figure 1B). Zhu and colleagues
first attempt to reduce the viscosity of
the LCP matrix by phase conversion by
mixing with a panel of additives. They
find that addition of 2-Methyl-2,4-penta-
nediol (MPD) facilitates efficient blotting
of LCP and enables extraction of intact
Proteinase K crystals from the meso-
phase. In a second strategy, Zhu et al.
(2020) use lipase to hydrolyze lipids in
the LCP and facilitate its conversion into
a two-phase liquid. This second strategy
is also successful in rendering Proteinase
K crystals free of their LCP environment.
As proof of principle, Zhu et al. (2020)
then determine the structure of Protein-
ase K from LCP-extracted crystals after
MPD or lipase treatment. Zhu et al.
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(2020) further demonstrated the general-
ity of MPD addition to extract crystals
from LCP on crystals of cholesterol grown
in the mesophase. With atomic resolution
diffraction from the LCP-extracted
cholesterol crystals Zhu et al. (2020)
enable a potentially broad scope of tar-
gets for their technique.

Zhu and coworkers offer a glimpse of
the applicability of their approach to
membrane protein crystals with diffrac-
tion from LCP-extracted microcrystals of
the human adenosine A,a receptor.
Although their diffraction is presently
limited to 4.5 A and only a narrow wedge
of data could be collected, this effort rep-
resents a step toward a first GPCR struc-
ture by MicroED. Structures of GPCRs
remain notably absent from the MicroED
catalog, while structures of other mem-
brane proteins determined from crystals
grown in more conventional mother li-
quors have already been determined by
the technique. Structures of both the
Ca®* ATPase and the non-selective so-
dium-potassium (NaK) channel deter-
mined by MicroED both align well to anal-
ogous structures determined by X-ray
crystallography from larger crystals
(Nguyen and Gonen, 2020). Recently, in
a companion experiment presented pre-
publication, Polovinkin and coworkers
use focused ion beams (FIBs) to machine
thick vitrified crystals of bacteriorho-
dopsin (BR) grown in LCP and demon-
strate ~2.5 A diffraction (Polovinkin et al.,
2020). FIB milling of frozen-hydrated bio-
specimens, an approach initially devel-
oped for the tomographic exploration of

1086 Structure 28, October 6, 2020

cellular substructure, has recently been
repurposed to carve out lamella from mi-
crons-thick crystals (Martynowycz et al.,
2019). The process turns impenetrable
blocks of hydrated material into thin slabs
suitable for high-resolution data collec-
tion. For samples whose size or mother li-
quor composition cause challenges dur-
ing preparation, few alternatives exist. A
combined approach of LCP extraction
and FIB milling might therefore provide a
more accessible route to structures of
molecules whose crystals are sensitive
to LCP extraction or where complete
removal of the LCP cannot be achieved.
In that hypothetical procedure, any LCP
remaining on a grid would be further abla-
ted by FIB milling (Figure 1B).

As we await the first MicroED
structure of a membrane protein from
crystals grown in LCP, the need for high-
resolution structures of membrane pro-
teins continues to inspire innovative
advances. Thanks to Zhu and coworkers,
MicroED structures from these and other
crystalline residents of the mesophase
may now be on the horizon.
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