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Single particle cryo-electron microscopy (cryo-EM) on a high voltage trans-
mission electron microscope (TEM) is frequently being used as a method for
obtaining near-atomic resolution 3D macromolecular structures. It is important
to understand the resolution limitations per instrument, which can be done with
the use of a robust, biological specimen that is routinely used for cryo-EM data
collection and processing. Because of the variability in sample preparation
(from specimen purification to image processing), a standardized workflow is
greatly sought out. Here, we present a single particle workflow using two of
our test proteins, apoferritin and aldolase, collected on a 300kV FEI Titan
Krios. We include details on sample preparation, grid purification, data collec-
tion and image processing in order to improve and standardize an overall
pipeline.
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Build macromolecular models from cryo-electron microscopy (EM) density
maps requires fitting strategies to localize available atomic structures. To this
end, we developed several approaches that are efficient enough to run as com-
mand line tools on commodity hardware. For rigid-body fitting, ADP_EM em-
ployed spherical harmonics to speed up the rotational part of the exhaustive,
whereas for flexible fitting, iMODFIT exploit Normal Model Analysis to
reduce the explored conformational space. Here we present the update and inte-
gration of such tools into UCSF Chimera enabling interactive macromolecular
fitting into this powerful visualization tool which is the facto standard of the
EM community.
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Platelets are small, anucleate cells in mammalian blood that maintain hemosta-
sis and aggregate to seal leaks at sites of vascular injury, a vital element of
wound healing. Upon detecting vascular lesions, blood platelets become acti-
vated and release components, such as the Von Willebrand factor, from at least
three different storage compartments: alpha-granules, dense granules, and lyso-
somes. Abnormalities in platelet functions can contribute to thrombosis, athero-
sclerosis and other diseases. Obtaining cellular structure is critical for gaining
better understanding of platelet physiology. We used Serial Block-Face Scan-
ning Electron Microscope (SBF-SEM) to elucidate the 3-D ultrastructure of
mouse blood platelets in both the activated and inactivated (resting) states. In
SBF-SEM an in-situ ultramicrotome cuts slices of heavy-atom stained cells
that are embedded in a resin block. The top surface of the block is then imaged
using a back-scattered electron detector, and the process of slicing and imaging
is repeated until the desired volume of cells is obtained. A stack of images can
then be aligned, and ultrastructure visualized using segmentation software.
Based on the segmentation and measurements on images from 4 different
platelet activation states, we observed that rapid swelling of alpha-granules is
accompanied by matrix decondensation that occurs first in peripheral granules,
whereas condensed granules were situated more centrally. Decondensed gran-
ules appeared almost adjacent or connected to the plasma membrane. Based on
these findings, we propose that the granule matrix organization is an important
factor for platelet function, i.e., for timed-release properties of alpha-granule
cargo, which could be physiologically important to thrombus formation, wound
healing and angiogenesis.
This work was supported by the Intramural Research Program of the National
Institutes of Biomedical Imaging and Bioengineering, NIH (RDL) and NIH
grants R01 HL119393 and R56 HL119393 (BS).
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Bacterial pili are a diverse group of filamentous appendages with a variety of
functions including but not limited to the adhesion to host surfaces and the
transfer of DNA from one cell to another. The T-pilus, expressed by Agrobac-
terium tumefaciens, transfers T-DNA from bacterial cells to plant cells, while
the RP4 pilus, used to transfer DNA between bacterial cells, is encoded by the
conjugative plasmid, RP4, and can be expressed by multiple species of gram-
negative bacteria. These pili are composed of thousands of subunits called pi-
lins that are arranged into macromolecular assemblies with helical symmetry.
CryoEM is the gold-standard for determining the complex arrangement of sub-
units in macromolecular structures. Recently a variety of bacterial pili have
been investigated using cryoEM resulting in electron density maps at near-
atomic resolution. One such pilus is the F-pilus which, like the T- and Rp4-
pili, transfers DNA from one cell to another. Previous studies have indicated
that both the T-pilus and RP4-pilus are composed of cyclic subunits, which
serve as initial evidence that the structure of these two macromolecules may
prove to be different than F-pili, which is composed of linear subunits. Other
than F family pili there is little structural information regarding pili with the
ability to transfer DNA. Additionally, the structural similarities among DNA-
transferring pili have yet to be investigated thoroughly. In this study we use cry-
oEM to elucidate the structures of these pili, providing novel insights into how
they transfer their DNA.
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The recent publication of a 3-D image of isolated Z-disks from Apis mellifera,
flight muscle[Rusu et al., J. Muscle Res Cell Motil (2017)], the first of its kind
utilizing isolated Z-disks, confirmed many details of the previously 3-D im-
age obtained from plastic sections[Cheng and Deatherage, J. Cell Biol.
(1989)]. However, they used relatively harsh treatment of high KCl/KI to
isolate Z-disks. Here we combine 1.4M NaCl and 10mM pyrophosphate
applied to Lethocerus indicus flight muscle to remove the thick filaments
and 4.5min exposure to calcium insensitive gelsolin to remove the thin fila-
ments from the remaining of the I-Z-I-brushes. We are improving the resolu-
tion by adding more tilt-series to our previous analysis. By comparing the
Fourier transforms and subvolume averages, we conclude that Z-disks from
honey-bee and Lethocerus indicus are similar but not identical. The large sol-
vent channel that characterizes the honey-bee Z-disk is less prominent in
Lethocerus, which is reflected in a much weaker to nearly absent 1,0 spot in-
tensity in transforms of Lethocerus Z-disks, whereas the corresponding spots
in the honey-bee transform are strong. There is ample evidence that the actin
filaments in the overlap zone of both bee and waterbug flight muscle present a
helical array of target zones around each thick filament. However, Squire[J.
Molec. Biol. 72, (1972)] has pointed out that the P312 symmetry assumed
for the honey-bee Z-disk reconstruction from plastic sections when extrapo-
lated into the A-band, implies rings rather than helices of target zones sur-
rounding the thick filament. This discrepancy might be resolved if there are
three-fold screw axes instead of three-fold rotation axes at the lattice and
trigonal positions of the flight muscle Z-band; corresponding more to space
group symmetry P3121.
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Ribosomal stalling occurs when ribosome is trapped at the 3’ end of an mRNA
in absence of a stop codon in the decoding center. Since the accumulation of
stalled ribosomes is toxic for the cell, many bacteria have evolved an initial
rescue mechanism known as trans-translation to skip ribosome stalling, and
ensure the controlled protein synthesis. Ribosome rescue has been proposed
to be of high importance in many pathogenic strains, and therefore it has
been considered as a target for the development of new antibiotics. Small mol-
ecules have been synthesized that possess antibiotic properties and inhibit
trans-translation in Escherichia coli (E. coli) ribosomes. The inhibition mech-
anisms for these compounds are unknown and structural analysis is required in
order to characterize them. Here, we have determined the structure of stalled
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