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The full recapitulation of the hepatitis C virus (HCV) life cycle in cell culture in 
2005 laid the foundation for studying virus assembly events. However, a high-

resolution visualization of viral assembly sites has so far been lacking. 

Moreover, genetic, cell biology and biochemistry data point towards a role for 
all ten HCV proteins in the assembly process. The objective of this study was to 

obtain a detailed description of the molecular topography of the infected cell in 

order to understand the function of the viral proteins in assembly. Using 
advances in protein labeling and microscopy, we show that we can localize 

hepatitis C viral proteins at high resolution within infected cells. To do so, we 

use methods that combine super-resolution fluorescence microscopy, electron 
tomography, immuno-EM and correlative light and electron microscopy. Our 

results show that the locations of viral proteins critical for assembly can serve 

as markers for presumed assembly sites, which have never been imaged before. 

Viral proteins are found in a microenvironment of lipid droplets (LD) and virus-
induced membrane vesicles. In conclusion, localizing viral proteins at high 

resolution within an infected host cell contributes to a better understanding of 

the HCV assembly process, paving the way for new antiviral strategies. 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 1. Lipid droplet 
microenvironment in hepatitis C 
virus (HCV)-infected cells contains 
clusters of viral proteins and 
membrane vesicles. Upper panel: 
Cells infected with HCV imaged by 
fluorescence light microscopy. HCV 
core protein labeled in green, E2 
protein red, NS5A protein blue. 
Shown is an overlay of  
all three fluorescent channels with 
the brightfield image of the cell. 
Lower panel: HCV-infected cells 
imaged by thin-section EM. Double-
membrane vesicles and endoplasmic 
reticulum populate the area around 
lipid droplets.  
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Phase manipulation is key to fabricate reliable and predictable silicide 

nanocontacts in integrated circuit industry. However, nucleation and diffusion 

mechanisms are found very different in one dimensional nanostructure and 
therefore different phase formation sequences from that in two dimensional 

systems are reported. In this work, we propose a kinetic competition growth 

model and study the kinetic behaviors of Ni silicides to switch the desired 

phase to form. An in-situ TEM was used to observe the silicide growth and to 
extract important kinetic parameters such as diffusivity and activation 

barriers. With these parameters, an interesting phase switching depending on 

the size of Si nanowire is explained and a predicted critical size for primary 
phase alternation fit the experimental results well. It is found Ni31Si12, δ-Ni2Si, 

θ-Ni2Si, NiSi and NiSi2 coexist in the initial stage and the one with fastest 

growth rate can win out as the primary phase. With different Si nanowire size 
and modified template structures, the primary phase switching is 

demonstrated, confirming the ability to manipulate phase transformation in 

one dimensional nanostructures.  
 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 1. Size dependent Ni silicide phase sequence switching in Si NW templates 
and schematic of a kinetic competition model to explain this phenomenon. (a) 
Interfacial limit phase NiSi

2
 forms as the first phase (contacting with remaining Si) in 

a large Si NW template (> 150 nm). Regular and atomic resolution interface shows 
the phase sequence (b) Diffusion limit phase θ-Ni

2
Si forms as the first phase in s 

small Si NW template (< 70 nm). (c) A steady state kinetic competition model is used 
to explain the phase formation sequence with kinetic parameters extracted from in-
situ TEM. 
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Nanocrystalline metals are promising next-generation structural materials due 

to the potential for their incredible strength. The vast majority of the 
mechanical properties of nanocrystalline metals come from nanoindentation 

test. However this methodology provides no information about the mechanism 

of material failure. In addition, while nanoindentation provides a rough 
measure of strength, it introduces a multi-axial stress state and strain 

gradients into the subsurface material. To overcome these issues, we use a 

lathe Focused Ion Beam (FIB) milling technique inside a FEI Quanta 3D Dual 
Beam system to create micro pillars for compression test. By carefully choosing 

FIB condition, we successfully fabricated defect free and taper free micro pillars 

(Figure 1) on thin samples. Currents from 15nA for rough milling down to 

100pA for fine milling were used to avoid damage to the surface of the pillars in 
the final milling steps. Some special scripts and advanced FIB features were 

used to generate the perfect pillar shape. A uniaxial micro-compression 

experiment has been carried out successfully on these pillars. Besides imaging, 
Dual-beam FIB also is a powerful fabrication tool to create 3D structures in 

micro and nanometer scale.  
 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Scanning Electron Microscope of a pillar fabricated using Focused Ion Beam. 
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Properly designed metallic truss lattices are among the most efficient materials 

in terms of specific stiffness and strength. Recent work demonstrated that 

ultralight hollow microlattices manufactured by HRL Laboratories show 

unexpected deformation behavior when loaded in uniaxial compression: 

namely, they can fully recover the initial shape from strains as high as 50%. 

During a loading-unloading cycle, a significant amount of energy is dissipated 

(hysteretic behavior). In this work, we experimentally investigate the damping 

response of nickel hollow microlattices at extremely low strains and high 

frequencies (under resonance), using a state-of-the-art Micro Systems Analyzer 

(Polytec MSA-500). The MSA-500 is a fully integrated structural dynamics and 

surface metrology system and uses laser-Doppler vibrometry to measure real-

time out-of-plane vibrations. The microlattice samples were bonded to massive 

face sheets; the lower face sheet was oscillated through a wide frequency range, 

while the velocity (and hence the displacement) of the top face was being 

monitored. Resonant peaks and mode shapes were extracted as shown in  the 

figure, from which the damping coefficient of the microlattices was estimated. 

Combined with quasi-static large strain compression tests, these results allow 

separation of all the damping mechanisms in hollow microlattices and the 

identification of the dominant mechanisms.  

 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: The velocity response 
from top facesheet VS Frequency. 
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Dislocations and their interactions strongly influence many of the properties of 

materials, ranging from the strength of metals and alloys to the efficiency of 
light-emitting diodes and laser diodes. Presently there are several experimental 

methods to visualize dislocations. Atom probe tomography currently offers the 

highest resolution 3D imaging of dislocations, but requires needle-shaped 
specimens and can detect only ~60% of the atoms in the sample. Here we 

report 3D imaging of dislocations in materials at atomic resolution with STEM 

tomography. By identifying the 3D intensity and shape distribution of Bragg 

peaks in a tomographic reconstruction, we observed nearly all the atoms in a 
polycrystalline Pt nanoparticle. We revealed the formation of atomic size steps 

along 3D coherent twin boundaries that are not visible in the projectional 

image of the multiply-twined Pt nanoparticle. We also imaged the 3D core 
structure of an edge and screw dislocations in the nanoparticle at atomic 

resolution. This work not only advances our fundamental understanding of 

dislocations in materials, but also represents a general method for determining 
the 3D structure of polycrystalline nanoparticles at atomic resolution.  

 
Figure 1 Grain boundary comparisons between 

a 2D experimental projection and several 2.6 Å 

thick internal slices of the reconstructed Pt 

nanoparticle. a, Experimental projection. b, A 

2.6 Å thick internal slice indicating the 

formation of atomic size steps in coherent twin 

boundaries (CBTs). c, Zoomed view of a CTB in 

(b). d, and e, a 2.6 Å thick slice above and 

below the slice of (c), f, Zoomed view of a 

stacking fault in the 2.6 Å thick internal slice, 

which is in good agreement with the classical 

model for an extrinsic stacking fault (inset). 
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Using a scanning transmission electron microscope, we image the formation of 

lead dendrites and the local Pb2+ concentration in an electrochemical cell 
containing a saturated solution of lead(II) nitrate. We control the morphology of 

the lead deposits with the rate of potential change, which can result in 

dendrites or compact layers. The processes are reversible and can be repeated. 

During lead stripping and plating the local Pb2+ concentration can be 
measured as an increase or decrease in signal intensity, respectively, as ions 

come into and out of solution. Quantitative digital image analysis reveals 

excellent correlation between changes in the Pb2+ concentration, the rate of 
lead deposition, and the current passed by the electrochemical cell. 

Furthermore imaging the ionic concentration as a function of time and distance 

from the electrode provides a measurement of the diffusion coefficient of the 
Pb2+ ion. Real-time electron microscopy of dendritic growth dynamics and the 

associated local ionic concentrations can provide new insight into the 

functional electrochemistry of batteries and related energy storage 
technologies. 
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The ability to produce a porous single crystalline layer on a semiconductor 

substrate represents a key step for materials integration. Here, we demonstrate 

the formation of porous InP layer which exhibits a surface that is nearly fully 

dense as well as the ability to grow InP overlayers with low threading 

dislocation density. 

In our studies on (001) InP, we have found that the pore formation can be 

controlled as a function of depth during electrochemical etching. It was found 

that surface morphology and layer porosity are strongly dependent on etching 

conditions and the doping concentration of the wafer. Specifically, pore size 

plays an important role to optimize surface roughness and it is extremely 

sensitive to electrolyte concentration. Moreover, in order to achieve both high-

quality epitaxial growth and facile layer fracture, a dual porous layer structure 

with a more porous under-layer was designed and fabricated. 

The structures were then annealed to understand the morphological evolution 

and to test the structural stability under simulated epitaxial growth condition. 

Under atmospheric conditions, significant surface oxidation occurred, as 

confirmed using EDS.  Under N2-purged environments, we observed that the 

surface remains stable with even slight improvement on roughness up to 550 

°C and the layer maintained its porous structure at 650 °C. However, when the 

annealing temperature is raised to 750 °C, the porous structured showed 

significant changes. Large voids were observed after annealing at the interface 

between the high porosity 

buried layer and substrate.  

Epitaxial InP layers grown 

on the porous surface do 

not exhibit observable 

threading dislocations, 

which sets a limit on the 

threading dislocation 

density in the mid-106 cm-2 

range. 

Figure 1. Plan view SEM of dual layer porous InP (a) as 
etched (b) 30 min annealed at 550 °C and (c) 10 min 
annealed at 750 °C. Corresponding cross-section images 
are shown in (d) – (f).  
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This project focuses on the characterization of materials from burial offerings 
and painted decoration in a royal Maya tomb at El Zotz, Guatemala and their 
association to mortuary rituals. Archaeological findings included vessels, jade 

masks, organic materials (wood, cord, and textiles), specular hematite cubes, 

shells with powdered cinnabar, green (malachite) painted stucco assumed to 
have decorated the wooden bier where the king was resting, and cashes of lip-

to-lip orange bowls containing human phalanges. In this paper we describe 

preliminary findings using primarily scanning electron microscopy at variable 
pressure and x-ray microanalysis combined with digital microscopy, 

UV/Vis/NIR reflectance spectroscopy, XRD and Raman spectromicroscopy 

emphasizing the potential of these combined technologies in the identification 

of organic and inorganic markers to infer burial customs.  

     

  

Figure 1. Pigmented clay that might 

have been used to wrap the body of the 

king. The red pigment is cinnabar (HgS) 

and shows patterns of color alteration 

(black spots). 

Figure 2. Backscattered electron 

micrograph at variable pressure 

of one of the dark spots showing 

colonies of microorganisms. 
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This research builds on the biomimetic synthesis of HAP on archaeological 

powdery mineral surfaces containing calcium-rich matrices such as wall 
paintings, bone and ivory for consolidation purposes. Hydroxyapatite 

Ca5(PO4)3(OH) is in-situ synthesized on experimental Ca-rich test blocks 

constructed in imitation of archaeological porous building surfaces, via 
chemical reaction between the Ca and an ammonium phosphate precursor 

(DAP) applied in 1M for 6 hours under room temperature using a compress 

made out of cellulose pulp. The test blocks were prepared using commercial 

lime putty (Ca(OH)2) and marble dust (the size of 0.2-0.6mm) with a volumetric 
ratio of 1:1:4 and casted into 5cm x5cm x2cm mold until fully carbonated. The 

microstructures of the untreated and the chemically treated blocks were then 

characterized using optical microscopy, scanning electron microscopy and X-
ray diffraction. Fine needle shaped hydroxyapatite phases with a typical size of 

1 um were observed on the treated samples. The newly formed HAP crystals 

form an interconnecting network, indicating the promise as an effective 
consolidating agent for calcium-rich matrices. 

  



Using Laser Induced Stress Waves to Load Single Crystal 
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A series of novel experiments, backed by multiscale modeling and transmission 

electron microscopy (TEM) analysis, are presented that involve loading of single 

crystal copper nano-pillars by laser-generated stress waves of sub-nanosecond 

rise times. The nano-pillars were manufactured by using the FIB process on 

the free surface of a single crystal copper disc. The surface containing the 

pillars was then constrained from the top by a massive impedance-matching 

catcher plate. The compressive stress wave was generated in-line with the 

nano-pillars on the rear surface of the copper disc by exfoliating a constrained 

Al film, by focusing a 8 ns long Nd:YAG laser pulse. The compression stress 

wave travels through the nano-pillars and transmits into the massive catcher 

plate, without returning to reload the pillars. A viscous oil layer was also used 

at the catcher plate interface to aid in the transmission of the stress wave and 

minimize the wave reflection effects. Because of the sharp rise-time and 

extremely short transit duration of the stress wave, the material in the nano-

pillars was loaded under uniaxial compression at strain rates well in excess of 

107 s-1. Characterization of post-shocked samples, utilizing SEM, EDS, and 

TEM, showed a change in the Cu microstructure attributable to nucleation and 

mobility of dislocations. The stress state within the nano-pillars was calculated 

using a finite element analysis whose input was set by the stress wave profile, 

which in turn, was recorded using an optical interferometer with a 0.2 ns 

resolution in the single shot mode. 
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In thermal barrier coating (TBC) bond coat systems, the development of AB2O4 

spinels above alumina in the thermally grown oxide (TGO) layer can lead to 

early onset of spallation and, ultimately, total system failure. Operating a 

turbine with synthetic fuels – a U.S. Navy and Department of Energy goal – can 

change the combustion environment and may enhance spinel growth. An 

increase in water vapor is one expected environmental change, prompting the 

study of TGO development in humid conditions. Two oxidation time domains 

were studied: the long-term steady state and short-term transient stages. In 

the former, a three-step process of oxidation, taper polishing and re-oxidation 

was used to monitor cation diffusion through the TGO in order to test a 

hypothesized mechanism for spinel growth; water vapor promoted faceting and 

grain growth but did not appreciably affect diffusion. In the latter, brief 

exposures to the metal specimen demonstrated that spinel formation could be 

controlled as a function of water vapor and/or oxygen partial pressure, thus 

providing a path to limiting its negative impact on TBCs. Bulk samples were 

analyzed with SEM, EDS and XRD; thin foils were prepared with an FIB, lifted 

out using an Omniprobe and observed in a TEM and STEM. 
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Ordered macroporous materials are of increasing interest due to their 

applications in photonics, bioactive materials, catalysis and energy storage, to 

name a few.  Specifically, ceria-zirconia inverse opals have great potential as 

thermochemical hydrogen production media.  As such, these structures are 

exposed to extreme temperatures and redox conditions.  A balance between 

redox activity and thermal stability exists between ceria and zirconia content; 

zirconia is not redox active, but plays a large role in preventing grain growth 

and thus enhancing the stability of ceria structures at high temperatures.  In 

an attempt to quantify the threshold of structural stability of the inverse opal 

structure, Ce1-xZrxO2 (x=0, 0.1, 0.2, 0.3, 0.4, 0.5) inverse opals with a 1um 

macropore size were synthesized via colloidal crystal templating.  These 

structures are subjected to high temperatures for extended periods of time to 

simulate hydrogen production conditions, as optimal high temperature 

hydrogen production cycling of ceria takes place between 800°C and 1500°C.  

Scanning electron microscopy (SEM) is used to evaluate the percentage of 

change in wall and pore thickness, while Raman spectroscopy and x-ray 

diffraction (XRD) are used to monitor the changes in crystal structure before 

and after cycling.  
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Maturation of the HIV-1 viral particle begins with the ordered proteolytic 

disassembly of the immature Gag lattice by the viral enzyme protease. 

Subsequent reassembly of the processed Gag constituent, CA, produces an 
infectious particle characterized by a cone-shaped core that encloses the viral 

RNA genome. Although the sequential proteolytic cleavage steps leading to 

maturation are well described, the structural intermediates concomitant to the 
maturation process remain poorly understood. Computer simulations that 

model the formation of the mature core as the non-equilibrium growth of an 

elastic sheet predict that HIV-1 assembly involves the union in space of two 

edges of a curling sheet of CA. To determine if “sheets” are formed as structural 
intermediates during maturation, we have carried out electron cryo-

tomography (ECT) studies on viral particles cryo-preserved next to infected 

cells. This in vivo population of viral particles is asynchronous with respect to 
the maturation process, and therefore, mature, immature and intermediate 

maturation forms are represented. Our analysis of the in vivo particles 

suggests the presence of sheet-like structures in some of the particles. On 
going work is aimed at i) categorizing the intermediate structures observed by 

ECT and characterizing where they fit in the process of maturation, and ii) the 

development and application of automated segmentation tools to facilitate 
analysis of the 3D density maps of the maturing viral particles. 
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The shrinking of NEMS devices beyond the scope of conventional metrology 

necessitates novel electrical and thermal probes that can accommodate the 

scale of modern nano-electronics. We present a method for mapping thermal 

activity at the nanoscale in crystalline materials, exemplified by an analysis of 
graphene. Thermal motion of atoms in a crystal lattice attenuates higher-order 

peaks in the material’s electron diffraction pattern; this attenuation is 

parameterized by a Debye-Waller factor. An analytic calculation of electron 
diffraction from graphene allows us to extract its Debye-Waller factor from 

SAED patterns [1]. In a TEM we obtain selected area electron diffraction (SAED) 

patterns from single-layer cleaved graphene, Joule-heated in situ. We find that 
the Debye-Waller factor, as probed with SAED, provides a reliable measure of 

the local temperature and thus allows for quantitative thermal mapping at the 

nanoscale.  
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Dielectric elastomers (DEs) are an emerging field of electro-active polymer (EAP) 

materials exhibiting electricity-induced large strain, high specific power 
density, and compliant properties at low cost. The potential applications are 

actuators, sensors, robotics, automotive control, microelectromechanical 

systems, implanted medical devices, artificial muscles, tunable optics and 
generators. However, they require high electric field, up to 20-30 V/µm, to 

actuate. We aim to develop a new generation of DEs by incorporating multi-

walled carbon nanotubes (MWNTs) to the DEs as fillers (Inset C in Fig. 1). We  
demonstrate that, with addition of MWNTs, the nanocomposites (Insets A-B in 

Fig. 1) show improved deforming properties under electric field. In this work, 

the field-induced deformations of the new nanocomposites have been measured 
using Micro System Analyzer (Polytec MSA-500). We captured surface 

displacement (Fig. 1) of the nanocomposites when subjected to the applied 

electric field. We also demonstrate that the nanocomposites showed the higher 

thickness strain than conventional DEs with the same applied electric field. 
The results indicate that Micro System Analyzer is a powerful micro-

characterization tool for in-situ measurements of surface displacement under 

different environments. 
 

 

 
 

 

 
Fig. 1. Measured surface 
displacement in thickness 
direction by Micro System 
Analyser. Insets (A)-(B) 
Optical images of dielectric 
elastomer expansion before 
and after applying electric 
field. Inset (C) Cross  
section image of 
nanocomposite with multi-
walled carbon nanotubes. 
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Quantitative measurement and analysis of grain boundary sliding in ultrafine 

grained 5083 Al by AFM was conducted at 573K. The grain size of as received 
cryomilled ultrafine grained Al was characterized by AFM and TEM, and the 

average was founded to be about 300nm. Ion beam polishing/etching 

technology was used to reveal grain boundaries for AFM characterization. The 

vertical offset of grain boundary sliding was measured by comparing 
predefoemation and postdeformation AFM images. By analyzing these 

measurements, the contribution of grain boundary sliding to the total strain 

was estimated as 22% and 36% at a strain rate of 10^-4 /sec and 10^-2/sec. It 
was demonstrated that the relatively low value of the contribution of grain 

boundary sliding to the total strain is most likely the result of testing under 

experimental condition that favor the dominance of region I ( low stress) of the 
sigmoidal behavior characterizing high strain rate superplasticity, which was 

previously reported. 
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Ceramic oxides were synthesized from solid-state reactions to determine their 
resistance to chemical attack by molten calcia-magnesia-silica-alumina (CMAS) 

glasses. The ceramic oxides were drilled with a tungsten carbide drill bit and 

CMAS was melted in these drilled holes at temperatures similar to those 

experienced in aero-turbines. The resultant chemistry of the CMAS-ceramic 
oxide reaction was evaluated by energy dispersive x-ray spectrometry. The 

morphological change of the reaction zone was also captured by backscattered 

electron imaging. Candidate ceramic oxides were found to perform better than 
the industry standard, 4 mol% YSZ, and had similar or better performance 

than ceramic oxides proposed for CMAS mitigation in the literature. 
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Abstract 

When growth conditions become unfavorable, members of the phylum 

Firmicutes including the Gram-positive model organism Bacillus subtilis 

undergo a complex morphological transformation called sporulation. 
Sporulation begins with the formation of a septum that divides the cell into a 

smaller “prespore” and a larger mother cell. Next, in a process similar to 

phagocytosis, the mother cell membranes migrate around the prespore until 
the engulfing membranes meet and fuse, releasing the immature spore into the 

mother cell cytoplasm. Spore maturation involves the synthesis of several 

protective protein and cortex (modified peptidoglycan) layers. While vegetative 
B. subtilis cells and mature spores are both surrounded by a thick layer of 

peptidoglycan (PG) or cortex, respectively, it has remained unclear whether PG 

surrounds prespores during engulfment. To clarify this issue, we generated a 
slender ΔponA mutant that enabled high-resolution electron cryotomographic 

imaging. Three-dimensional reconstructions of whole cells in near-native states 

revealed a thin PG-like layer extending from the lateral cell wall around the 

prespore throughout engulfment. Cryotomography of purified sacculi and 
fluorescent labeling of nascent PG in live cells confirmed that PG surrounds the 

prespore. The presence of PG throughout engulfment suggests new roles for PG 

in sporulation, rationalizing the previously described requirement for PG 
synthesis at the leading edges of engulfing membranes, and obviates the need 

to synthesize a PG layer de novo during cortex formation.  In addition, it reveals 

that B. subtilis can synthesize thin, Gram-negative-like PG layers as well as its 

thick, archetypal Gram-positive cell wall. In comparison to the recently 
analyzed Gram-negative endospore-former Acetonema longum, B. subtilis also 

maintains a continuous layer of peptidoglycan throughout sporulation and 

transforms it from thick to thin and back. The continuous transformations 
from thick to thin and back to thick during sporulation in Gram-positive and 

Gram-negative bacteria strongly suggest that both types of cell walls must have 

the same basic “layered” architecture with glycan strands parallel to the 
cytoplasmic membrane. Endopeptidase activity may be the main switch that 

governs whether a thin or a thick PG layer is assembled. 
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Archaeoglobus fulgidus is a hyperthermophilic, sulphur-metabolizing, 
anaerobic archaean. It is found in thermal vents, hot springs, and oil wells. It 

is the first sulphate reducing organism to have its genome completely 

sequenced. It produces a biofilm in response to stress that may be important 

for use as a metal detoxification filter in water treatment, and the study of its 
high temperature stable enzymes can lead to insights into their unique 

function under these extreme conditions. We observed multiple dense granules 

present in each cell by cryo electron tomography, which are usually located at 
the cell periphery adjacent to the cell membrane. Elemental analysis by EDX 

was performed using a STEM instrument in order to determine the composition 

of the granules. It was discovered that there are actually two distinct granules 
with very different compositions. One composed mainly of iron, sulfur and 

copper, the other composed of phosphorous, oxygen, magnesium, calcium and 

aluminum. It was surmised that the former may be associated with the 
reduction of sulfates to sulfides that is performed by the organism via its 

anaerobic metabolic pathways. The later are most likely to be polyphosphate 

granules with associated cations. The function of these unique granules is not 

completely understood, but they are most likely associated with energy storage, 
toxic metal chelation, and metabolic processes 
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Based on fluorescence microscopy, the actin homolog MreB has been thought 
to form extended helices surrounding the cyto- plasm of rod-shaped bacterial 

cells. The presence of these and other putative helices has come to dominate 

models of bacterial cell shape regulation, chromosome segregation, polarity, 
and motility. Here we use electron cryotomography to show that MreB does in 

fact form extended helices and filaments in Escherichia coli when yellow 

fluorescent protein (YFP) is fused to its N termi- nus but native (untagged) 

MreB expressed to the same levels does not. In contrast, mCherry fused to an 
internal loop (MreB- RFPSW) does not induce helices. The helices are therefore 

an artifact of the placement of the fluorescent protein tag. YFP-MreB helices 

were also clearly distinguishable from the punctate, “patchy” localization 
patterns of MreB-RFPSW, even by standard light microscopy. The many 

interpretations in the literature of such punctate patterns as helices should 

therefore be reconsidered. 
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