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Dear SEMS Members,

After such a successful meeting in 2007, this year’s SEMS meeting will once again be held in beautiful Decatur, Georgia at the Holiday Inn Conference Center.  Our Local Arrangements Committee of Robert Simmons, Cynthia Goldsmith, together with our Program Chairs (John Shields and Charles Humphrey), have put together yet another fantastic meeting program for us.  The action starts off on Wednesday with what promises to be one of our biggest and best represented commercial exhibits ever.  I am excited about the number of vendors who have agreed to participate in this year’s meeting.  The support we receive from the vendors is a vital life-line for our Society so I hope you will join me in making an effort to visit each of their exhibits.  As an incentive, we are bringing back a little surprise with more detail at the main registration table.  In the afternoon, Emory Imaging Center is hosting what we are expecting to be a fantastic workshop put on by Leica and JEOL.  You will want to attend that for sure.  Following the workshop, the fun continues with an afternoon/evening poster session and Corporate Sponsor Mixer.  This will be a great time to see some great research displayed, get reacquainted with old friends and of course make new ones, and revisit the vendor’s exhibits.  Be sure to take this opportunity to tell the vendors thanks for all their contributions to our meeting.

Our next two meeting days will be filled with a fantastic blend of scientific presentations given by a host of internationally recognized invited speakers, a number of our own members and of course those participating in the Ruska student competitions.  In looking over the program John has put together, I am amazed and excited at the diversity of both posters and presentations in store for us this year.  You will not want to miss a single one of them!

In between meeting activities and over the lunch hour, I would encourage you to get outside and walk around the downtown area.  Aside from a huge array of eating and drinking establishments, you will find Decatur brimming with a number of eclectic shops and historical sites all within a short walk of the conference center.  For a list of things to see and do while in Decatur, be sure to stop by the information desk or feel free to ask one of the LAC members.

I want to thank each of you for attending and participating in SEMS 2011.  I am excited about this year’s meeting venue and hope to see each and everyone one of you there.  Enjoy the meeting!

Michael Miller, SEMS President 2011   

SEMS 2011 Program

Registration  - 9am to 5 pm




Rotunda
1pm – 5pm
Commercial Exhibits



Decatur B
12:00-1:30
Executive Council Mtg and Lunch       
Rutland Boardroom
1pm -4pm
Workshop: Leica and JEOL at Emory Imaging Center:
Cryo TEM Preparation and Imaging
Van to begin transport by 1 pm from the Rotunda
4:00-8:00
Poster Session  




Decatur B
Combining Microscope and Virtual Slides in a Traditional Undergraduate Histology Course

G. M. Cohen, Troy University
Investigating the Microstructure of Perfluorosulfonic Acid (PFSA) Ionomers Used as Polymer Electrolyte Membranes (PEM)

V.G. Krishnan1, D. Wu2, S. J. Paddison2, S. J. Hamrock3 and G. Duscher1,4 ,  1,2 University of Tennessee,3  3M Center,4*Oak Ridge National Laboratory
Two-dimensional Crystallization of Three Medically Significant Membrane Proteins for Structure-Function Studies via Electron Crystallography

M.C. Johnson1, L. Kim1, F. He1, Y.Kanaoka2, B.K. Lam2, K.F. Austen2, V. Mutucumarana3, D.W. Stafford3, O. Juarez4, B. Barquera4, and I. Schmidt-Krey1 

1Georgia Institute of Technology, 2Harvard Medical School and Div. of Rheumatology, 

3The University of North Carolina, Chapel Hill, 4Rensselaer Polytechnic Institute
Two-Dimensional Crystallization of a Signal Peptide Peptidase for Structure-Function Studies by Electron Crystallography

M.Metcalfe, J. Drury, R. Lieberman, and I. Schmidt-Krey, Georgia Institute of Technology
Understanding the Fate of Oxalate in the Brown-Rot Fungus Antrodia radiculosa Using SEM-EDX Imaging and Analysis

 Leslie Parker, Juliet Tang, Susan V. Diehl, Mississippi State University
Regulation of Glioblastoma Spheroid Invasion by the Small rhoGTPase cdc42: 

A 3-D In Vitro  Imaging Study
S. Xu, S. Kaluz, E. Van Meir, and A. I Marcus, Emory University School of Medicine
Understanding Host-Pathogen Interactions: an Ultrastructural Approach Using Cryo-Electron Tomography

R.C. Guerrero, J. M. Holl, G. M. Williams, J. Sojan, and E. R. Wright, Emory University School of Medicine
6:00pm – 8:00pm   Corporate mixer    


Decatur B

Registration – 9am to 5pm




Rotunda
9:00am 
Opening Remarks – Mike Miller, President
Presentations:   Swanton Ampitheatre

Moderator:  Donggao Zhao
RUSKA Competition
9:10
Wavefront Aberration Measurement and Correction in C. elegans with Adaptive Optics

Ben Thomas and Peter Kner, University of Georgia

9:25
Mucilage Variation Among Symbiodinium Strains 

Maria Mazzillo Mays and Stephen C. Kempf, Auburn University

9:40
Electron Probe Microanalysis and Geothermobarometry
Donggao Zhao, University of Texas, Austin 
9:55-10:20

Break (Please Visit Exhibitors)
 Decatur B

10:20  [MAS INVITED] Materials Known as Gemstones 

Paul Hlava, Retired - Sandia National Laboratory
11:00
[MAS INVITED]  Gemstone Synthesis
Paul Hlava, Retired - Sandia National Laboratory 
11:40
Tools of the Environmental Forensic Microscopist
Richard S. Brown, MVA Scientific Consultants

12:00 – 1:30

Lunch

SEMS 2011 Program


Presentations
Swanton Ampitheatre
Moderator:   John Shields 

1:30
Art and Scientific Imaging: Two Worlds Interact
John Shields and Michael Oliveri, University of Georgia
1:50
Microanalysis of Art Glass Cutting Mists
  Robert Simmons, Georgia State University
2:10
Bridging the Gap between Confocal Microscopy and Transmission Electron Microscopy Using Serial Block Face Scanning Electron Microscopy
Christopher Booth and Joel Mancuso, Gatan Inc.
2:30 
[INVITED] Using Microscopy and Microanalysis in Sustainable Engineering
L. Amelia Dempere, University of Florida
3:10 – 4:00

Break (Visit Exhibitors) 


Decatur B
4:00
Extreme Tomography:  The Fourth Dimension and Beyond
Barbara Armbruster, Hitachi High-Technologies America, Inc
4:15
 Malachite Green and p-Phenylenediamine :  Lipid Stains for Transmission Electron Microscopy
E. Ann Ellis, Texas A&M University

4:30      Wide Field Optics: Scanning Electron Microscopy that Starts at the Centimeter Scale
William J. Mershon, Tescan USA
6:00-7:00 

Social



Rotunda
7:00-9:00

Banquet


Decatur  A
SEMS 2011 Program


9:00-10:30am

Business Breakfast
Location:  Oakhurst Room
Presentations
Location  Swanton Ampitheatre  
Moderator:  Ann Ellis
10:30am    [INVITED] Electron Microscopy Goes 3D: The Technique and Future Development of Electron Tomography
 Daniela Nicastro,  Brandeis University
11:10am  [INVITED] Understanding Host-Pathogen Interactions: an Ultrastructural Approach Using Cryo-Electron Tomography
Ricardo C. Guerrero, Jens M. Holl, Grant M. Williams, Jerry Sojan, and Elizabeth R. Wright, Emory University School of Medicine

11:45 am
A Shot in the Dark: A March 2010 Case of Yellow Jack in New York State 

Charles Humphrey, Maureen Metcalfe,  Daryl Lamson, and Kirsten St. George, Centers for Disease Control, Atlanta GA
Noon


Closing Remarks:    E. Ann Ellis, President-Elect
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Contributed

Extreme Tomography:  The Fourth Dimension and Beyond

Barbara L. Armbruster

Hitachi High-Technologies America, Inc., Pleasanton, CA 94588

Electron tomography is the ideal technique for 3D imaging of whole cells, organelles and supramolecular assemblies and 4D imaging of materials specimens.  In order for tomography to provide the most accurate information, several parameters need to be optimized, including specimen preparation, data collection and choice of software for reconstruction.

Celebrating 70 years of transmission and scanning electron microscope production, Hitachi has developed the completely digital HT7700 120kV TEM for maximum performance and productivity.  The radical design incorporates the ergonomics and user-friendliness of a SEM with advanced automation, high resolution and analytical capabilities of a TEM.  Two digital cameras provide TV-rate sample scanning and high resolution image capture capabilities, and Hitachi’s automontage function stitches seamless 8 X 8K images.  The turbopump evacuation system guarantees fast pumpdown times and a clean column vacuum.  EMIP (Electron Microscope Integrated Image Processing Software) tomography software developed by Hitachi supports single and dual axis tomography, and 3D reconstruction algorithms to be discussed include weighted back projection, simultaneous iterative reconstruction, dynamic shell model and topography-based reconstruction.  A unique 360° rotation holder can be used in the FIB for sample preparation and STEM or TEM for imaging and analysis.  4D STEM/EELS data to investigate the electronic structure of a W-to-Si contact from a semiconductor device will be discussed.  

Contributed
Bridging the Gap between Confocal Microscopy and Transmission Electron Microscopy Using Serial Block Face Scanning Electron Microscopy

Christopher R. Booth and Joel Mancuso

Gatan Inc. 5794 W. Las Positas Blvd. Pleasanton CA
Serial block-face scanning electron microscopy (SBFSEM) is a new automated technique for providing 3D information about cells or tissues at a resolution of 50 nm or better. SBFSEM provides a streamlined and automated 3D data acquisition process for imaging samples formerly only suitable for TEM. An automated microtome equipped with a diamond knife is mounted inside the chamber of the SEM and shaves the block face sample in between imaging steps. In this way a series of images are collected that can be brought together as a 3D dataset. The SBFSEM imaging process allows for the routine collection of 100 or 1000s of slices through a sample, spanning many tens or hundreds of micrometers.  Gatan 3View was used to image serial sections of murine neural tissue (approx 4 nm x 4 nm x 50 nm pixels). A total of 700 sections were imaged, reconstructed and segmented. 

Contributed
Tools of the Environmental Forensic Microscopist

Richard S. Brown M.S. DABC

MVA Scientific Consultants, 3300 Breckinridge Blvd., Suite 400, Duluth, GA 30096

After attending this presentation, attendees will have a basic understanding of how polarized light microscopy (PLM), scanning electron microscopy-energy dispersive x-ray spectrometry (SEM-EDS), Fourier transform infrared microspectroscopy (FTIR)) and transmission electron microscopy-energy dispersive x-ray spectrometry with selected area electron diffraction (AEM) can be applied to the characterization of nuisance dusts, airborne and waterborne particulate, and other materials that contain fine particulate.

Dust and debris samples can be intimidating to the inexperienced analyst as can the instrumentation used by the microscopist!  Knowing the capabilities and limitations of the various microscopes used in the environmental forensic laboratory is essential to guide the analysis and collect the data needed to characterize the most complicated samples in a timely manner.  

Basic concepts of sample preparation, sample study and advanced techniques for preparation of some of the more challenging samples will be presented through case studies.  The types of materials and particles present in an “unknown” sample dictate how the analysis progresses.  Having a basic procedure to record observations, collect information and use the information collected allows the microscopist to guide his analysis procedure and proceed in a logical, reproducible and confident manner. The initial examination of the sample using gross visual examination and low power stereomicroscopy coupled with the microscopist’s experience and knowledge of microscopy allows the characterization of a complex particulate sample to progress in a logical and flexible manner.  The process of studying a sample using the tools available to the microscopist cannot be overemphasized especially when results are needed yesterday. The time spent in guiding an ongoing investigation through the careful study of a microscopic sample can result in a huge savings in time, labor and costs.
POSTER

Combining Microscope and Virtual Slides in a Traditional Undergraduate Histology Course

Glenn M. Cohen

Department of Biological and Environmental Sciences, Troy University, Troy, AL 36082

Junqueria’s Basic Histology gives students unrestricted access to its collection of about 150 virtual slides by using the publisher’s URL (www.LangeTextbooks.com).  The collection includes virtual slides of each organ, though some organs/tissues are given greater representation than others.  Virtual slides are not static photographs.  Instead, the user can move the field of view and change the magnifications of the virtual slides.  In the mixed senior-level/graduate course that I teach, the students are encouraged to use the virtual slides to supplement the microscope slides in the lab.  At present students prefer to use the conventional slides for several reasons.  First, structures in the virtual slides are not labeled, whereas students can ask the instructor for help during the lab.  By comparison, some professional schools (medical, dental, and optometry) post labeled virtual slides on their proprietary websites.  Second, the publisher neither keyed the slides to organs/tissues nor electronically linked them to the textbook chapters.  For this reason, the extra steps create a barrier of time and effort for most students.  In order for the virtual slides to reach their pedagogical potential, the publisher, working with histology instructors, must create a more interactive environment for students to facilitate their recognition and identification skills.  Until virtual slides directly reinforce and seamlessly connect the photographs in the textbook and the microscope slides in the lab, students will treat the virtual slides as burden rather than an asset.  (Supported in part by a Troy University Faculty Development Grant.)
INVITED

Using Microscopy and Microanalysis in Sustainable Engineering
L. Amelia Dempere
Major Analytical Instrumentation Center, College of Engineering, University of Florida, Gainesville, Florida, 32611-6400

Maintaining engineering students’ education up to date with the demands and needs of the engineering industry can be challenging given the critical limitations in credit hours, topics, and time imposed upon the undergraduate engineering curricula. Topics such as global warming, climate change, green practices and sustainable engineering solutions are at the core of the most recent changes to regulations and new policies impacting the practice of engineering. Similarly, engineering education accreditation programs such as the Accreditation Board for Engineering and Technology (ABET) are increasing their emphasis on the need to expose the students to topics such as the environmental and social impacts of engineering solutions. Thus, it has become critical to identify possible routes to get engineering students exposed to the application of sustainability principles to materials selection and engineering design. This article is intended to describe the specific approach we are using to introduce sustainability principles to the course “Analysis of the Structure of Materials” taken by undergraduate students in Materials Science and Engineering program at the University of Florida.

Cellular phones were chosen to be analyzed since all materials groups can be found among their parts. The students prepare samples of several components of the device for analysis with Scanning Electron Microscopy (SEM), Energy Dispersive Spectroscopy (EDS), X-Ray Diffraction (XRD) and Fourier Transformed Infrared Spectroscopy (FTIR). A list of elements and compounds is compiled with particular emphasis in selected technological advanced materials, hazardous components, and substances currently subjected to new regulations in the engineering industry across the world.

The use of electron microscopy and microanalysis in the evaluation and characterization of samples typically becomes the preferred venue enabling the students to explore details of the components design, and chemistry. Besides the required understanding of the materials structure, and the structure-properties-processing interrelation, the students have the opportunity to provide alternative solutions that make the device disassembly easier, that make components more recoverable or recyclable, that reduce the risks associated with unregulated e-mining practices of some of its components overseas, and that open alternative routes to product disposal. 
CONTRIBUTED
Malachite Green and p-Phenylenediamine :  Lipid Stains for Transmission Electron Microscopy

E. Ann Ellis

Microscopy and Imaging Center, Texas A&M University, College Station, TX 77843-2257

Osmium tetroxide binds to lipid moieties in membranes and lipid droplets; however, it is not an exclusive indicator of lipid components in biological tissue.  Over the years several other water soluble stains, malachite green and p-phenylenediamine (PPD) have been observed to amplify the staining of lipid components.  Malachite green is used at 0.1% (wt/vol) in the primary fixative while PPD is used at 0.5% (wt/vol) either as a substitute for osmium tetroxide or in the dehydration steps.  Malachite green is a more intensive stain than PPD and has been used in grasses to preserve and stain wax layers on the surface of the epidermis as wekll as to trace the sites of production and translocation of waxes.  PPD has been used extensively in carduovascular studies to identify lipids of different density in studies of atherosclerosis.  PPD has proved useful in staining carotene bodies.  The mechanism of the staining is not known; however, both PPD and malachite green probably bind to structures with high lipid content and then serve as stain mordants that increase the binding of osmium tetroxide.

CONTRIBUTED & POSTER
Understanding Host-Pathogen Interactions: an Ultrastructural Approach Using Cryo-Electron Tomography


Ricardo C. Guerrero, Jens M. Holl, Grant M. Williams, Jerry Sojan, and Elizabeth R. Wright
Department of Pediatrics, Division of Pediatric Infectious Diseases, Emory University School of Medicine, Children’s Healthcare of Atlanta, Atlanta, GA 30322

The Wright Laboratory utilizes state-of-the-art cryo-electron microscopy (cryo-EM) to examine host-pathogen interactions using both eukaryotic and prokaryotic viruses as model systems. We are interested in understanding the processes involved in initial contact, irreversible attachment, assembly, and egress in order to decipher the relationship between structure and function in the context of whole cells and to develop novel, structure-specific vaccines and therapeutics. Projects include cryo-electron tomography (cryo-ET) of isolated whole cells and viruses, cryo-ET of virus-infected cells, the development of cryo-EM technologies and correlative microscopy methods, and the improvement and application of image processing algorithms to cryo-EM data. In one of our projects we determined how bacterial development triggers bacteriophage infection by elucidating the processes by which phages ϕCb13, ϕCbK and ϕCd1 interact with Caulobacter crescentus, a fresh-water, Gram–negative, α-proteobacterium, with a dimorphic cell cycle. We also investigate the production of outer membrane vesicles in the human pathogen Vibrio vulnificus and the effect environmental conditions have on their release as well as on the general ultrastructure of bacterial appendages. In a collaborative effort with other groups at Emory, we aim to determine how the matrix protein regulates paramyxovirus assembly and to define the spatial organization of paramyxovirus fusion complexes.  To accomplish these aims, we investigate the native three-dimensional structure of measles virus and respiratory syncytial virus by cryo-ET.


MAS INVITED

Gemstone Synthesis and 
Materials Known as Gemstones 

Paul Hvala

Sandia National Laboratories, Retired

Unlike most materials, gemstones are prized for beauty first; all other properties are of secondary interest. Other materials are chosen for various applications because they are strong or weak, hard or soft, insulating or conductive, transparent or opaque. In defining gem and gemstone, I will show that some properties, such as hardness, durability, cleavage, etc. are also considered important. These definitions also introduce properties such as rarity and high cost or intrinsic value. By discussing the BIG seven (the more precious of the gemstones – diamond, emerald, ruby, sapphire, tanzanite, opal, and pearls – or DERSTOP), I will show how arbitrary is our consideration of these other properties compared to the all important property of beauty. A brief mention of other gemstones will illustrate the many varieties of beauty desired by people.

Crystal form is a property of the “rough” gem material which, unexpectedly, often carries over into the shape of the polished gemstone. The shape of the original crystals and the desire to waste as little of this most valuable material as possible are mostly responsible for the creation of the standard round brilliant cut of the diamond, the emerald cut of the emerald, and the ovals of ruby and sapphire. I shall mention where history has also played a part in determining these gemstone shapes.

I will discuss the distinctions between natural, synthetic, and simulated gemstones. Because natural gemstones (mined from the Earth, then ground to shape and polished) are so valuable and pricey, people (some with honorable intentions and some not) have been working to make lower cost substitutes. There have been many successes. Synthetic gemstones (also known as lab-grown, “cultured”, etc.) are medium- to low-cost materials of the correct chemical composition and physical properties. Simulants may look like a particular gemstone but are inexpensive to cheap (in all ways) substitutes for the “real” thing.

CONTRIBUTED
A Shot in the Dark: A March 2010 Case of Yellow Jack in New York State

Charles Humphrey1, Maureen Metcalfe1, Daryl Lamson2, and Kirsten St. George2 

1IDPB, DHCPP, NCEZID, CDC, Atlanta, GA 30333 2Virus Reference and Surveillance Laboratory, David Axelrod Institute, Wadsworth Center, NY State Dept. Health, Albany, NY 12208.

A request was made for electron microscopy of a nasopharyngeal swab inoculated cell culture showing cytopathic effects (CPE) on December 2, 2010 by the Wadsworth Center, N.Y. State Department of Health. The swab was obtained in March, 2010 from a 19 years old female with a three day history of 103 degrees fever, nausea with vomiting, cough, and myalgia. The unknown agent was isolated and passed multiple times in human colorectal adenocarcinoma (Caco-2) cells. Culture isolates were tested over a period of several months without success by polymerase chain reaction (PCR) tests using molecular probes for a compendium of 24 respiratory or enteric infectious agents.

A 2.5% glutaraldehyde fixed suspension of infected Caco-2 cells was submitted to IDPB/CDC, and prepared for negative stain electron microscopy (NSEM) and thin-section electron microscopy (TSEM). Numerous particles were observed by NSEM either as singles or small aggregates. Suspect particles had ambiguous surface structure with consistent dimensions of 41-46nm; some had jagged fringes. Also seen, were smooth 28-30nm particles. The most likely virus to consider with such morphology by NSEM is flavivirus. The NSEM observations were supported by TSEM of infected Caco-2 cells. Subsequent molecular testing by the Wadsworth Center using a hemi-nested PCR for flavivirus revealed a strong band in the NS5 region. Upon sequencing a 99% match for yellow fever virus-vaccine strain was determined. As a result, the case history was re-examined.
Yellow fever virus vaccine (YFVV) is a live attenuated vaccine and on rare occasions may cause a mild to severe case of the disease depending upon the immune status of the vaccine recipient. It is unknown if the vaccine contributed to all of the symptoms but the timeline for illness presentation is consistent with previously reported YFVV related illness. This experience demonstrates the importance of EM in pathogen diagnostics, despite expansion in molecular testing.  Specific molecular assays can fail to identify agents and EM provides an invaluable tool, assisting/leading the direction of testing. More importantly, the case shows the fundamental need for complete reporting of patient history whenever a specimen is presented for any diagnostic test.
POSTER
Two-dimensional Crystallization of Three Medically Significant Membrane Proteins for Structure-Function Studies via Electron Crystallography
M.C. Johnson1, L. Kim1, F. He1, Y.Kanaoka2, B.K. Lam2, K.F. Austen2, V. Mutucumarana3, D.W. Stafford3, O. Juarez4, B. Barquera4, and I. Schmidt-Krey1 

1Georgia Institute of Technology, Biology, Chemistry and Biochemistry, Atlanta, GA,

2Harvard Medical School and Div. of Rheumatology, Immunology and Allergy, Brigham & Women’s Hospital, Boston, MA

3The University of North Carolina at Chapel Hill, Department of Biology and Center for Thrombosis and Hemostasis, Chapel Hill, 27599
4Rensselaer Polytechnic Institute, Department of Biology and Center for Biotechnology & Interdisciplinary Studies, Troy, NY 12180

Integral membrane proteins, amphiphilic macromolecules that reside within lipid bilayers playing roles in cellular signaling, adhesion, transport, locomotion, metabolism and other diverse functions, make up roughly 40% of the global proteome, and constitute the majority of targets for current drug therapies.  However, structural data on membrane proteins remains limited: as of April 2011, integral membrane proteins represented less than 1.2% of the structures deposited in the online RCSB Protein Data Bank.  Electron crystallography of two-dimensional (2D) crystals is an atomic-resolution method macromolecular structure determination method particularly well-suited to the study of integral membrane proteins.  2D crystals consist of ordered arrays of protein within a lipid bilayer, which closely mimics a native membrane-integrated state, promoting native conformation, substrate binding, and enzymatic function.  Here we describe the 2D crystallization of three integral membrane proteins: human leukotriene C4 synthase (LTC4S), an enzyme implicated in inflammation and cancer; human vitamin-K dependent (-glutamyl carboxylase (GGCX), essential to blood coagulation and bone metabolism; and the sodium-pumping NADH:ubiquinone reductase of Vibrio cholera (Na+-NQR), a six-subunit bacterial respiratory complex.  

Purified, de-lipidated, and detergent solubilized protein was mixed with the phospholipid dimyristoylphosphatidylcholine (DMPC) at low lipid-to-protein ratios (LPR), and detergent was removed via dialysis, resulting in reconstitution of protein into an artificial membrane.  Crystallization of protein within this membrane was induced through variation in several conditions, most importantly LPR, but also temperature, dialysis length, and dialysis buffer conditions (salt, pH, glycerol, reducing agents, metal chelation).  Screening of crystallization conditions was performed via electron microscopy of negatively-stained samples, using a JEOL 1400 electron microscope, and Gatan Orius SC1000 and UltraScan 1000 CCD cameras.
Under optimal conditions, 2D crystallization was induced, and iterative refinement of these conditions increased crystal size and long-range order. At molar LPRs lower than 10, human LTC4S forms large, well-ordered sheets of often several microns in size.  Currently 2D crystallization trials for a number of LTC4S mutants are underway.  Human GGCX forms 2D crystals of planar-tubular morphology under similarly low LPRs as LTC4S.  Na+-NQR can be induced to form 2D crystals at a range of LPRs.  As Na+-NQR is a membrane protein complex, the protein integrity was verified both before dialysis as well as after dialysis, and the complex was found to be intact. Electron cryo-microscopy (cryo-EM) will be used for structure determination and further structure-function experiments of the three enzymes.

POSTER
Investigating the Microstructure of Perfluorosulfonic Acid (PFSA) Ionomers Used as Polymer Electrolyte Membranes (PEM)

Veena G. Krishnan1, Dongsheng Wu2, Stephen J. Paddison2, Steven J. Hamrock3 and Gerd Duscher1,4
1 Materials Science and Engineering, University of Tennessee, Knoxville, TN 37996-2200

2 Chemical and Biomolecular Engineering, University of Tennessee, Knoxville, TN 37996-2200

3 3M Fuel Cell Components Program, 3M Center, St. Paul, MN 55144

4* Materials Science & Technology, Oak Ridge National Laboratory, Oak Ridge, TN 37831-6071

PFSA ionomers, that transport proton when fully hydrated, are the key component of an efficient PEM fuel cell. The main purpose of this study is to understand the microstructure and identify its relevant features that enable proton conduction. Small angle X-ray scattering (SAXS) experiments have revealed that the microstructure of the PFSA ionomers is known to vary with the level of hydration and molecular chemistry (i.e. equivalent weight (EW), side chain length). While these SAXS studies reveal the length scales of the features of the polymers, the complete microstructural information cannot be obtained, because of random chemical structure of the ionomers. This microstructure organizes into a fine phase separation between the hydrophobic polymer backbone and the aqueous domains containing the hydrated protons of only a few nanometers in dimension over a wide range of length scales. 

The chemical structure of PFSA ionomers consists of 2 phases.  The hydrophobic backbone is made of CF2 units. The side chain has a sulfonic acid pendant group that is hydrophilic and is therefore, responsible for the proton conduction. We have investigated a number of these PFSA ionomers on lacey C grids, both as solutions and as 30 nm thick microtomed sections of a foil. We studied different EW and different side chain lengths using Z contrast and BF imaging. We determined the microstructure of hydrated/dry ionomers with and without ion-exchange. We have also used spatially resolved EELS and spectrum imaging to quantify the distribution of sulfur, oxygen, fluorine, carbon and water. VG Microscopes HB501UX STEM with 3rd order Nion aberration corrector and. Hitachi HF3300 (also for cryomicroscopy) was used for this study.
Wu et al have used Dissipative particle dynamics (DPD) simulations to evaluate the morphology of hydrated PFSA ionomers with different EW and side chain length. The qualitative comparison in figure 2 shows clearly that the length scale of the simulations and the Z-contrast images of the unstained (no ion exchange) ionomers agree well. In a Z-contrast image the hydrophilic sulfonate side-chains are bright, as are the water molecules in the inverted simulation slices. The match between simulation and experiment is close enough to employ quantitative image comparison. For instance the fractal dimension of the simulation of the 3M ionomer with water uptake of 9 is 1.6, while the fractal dimension of the experimental images of 3M ionomer of similar EW is in average 1.8. Typical EELS spectrum of PFSA ionomers shown in figure 3 was obtained for a convergence angle (α) of 17.5° and a collection angle (β) of 12°. These spectra were quantified using the Duscher group’s Quantifit program. The loss of fluorine with dose within the composition is used as an indicator for electron beam damage, because the EELS quantification seems to be more sensitive to beam damage than Z-contrast imaging contrast changes. 
This work was supported by DOE BES (Contract No. DE-AC05-00OR22725), ORNL's SHaRE User Facility, sponsored by DOE BES, and SEERC.

RUSKA

Mucilage Variation Among Symbiodinium Strains 
Maria Mazzillo Mays and Stephen C. Kempf

Department of Biology, Auburn University, Auburn, AL 36849
Symbiodinium are unicellular dinoflagellates that reside intracellularly in a variety of invertebrate hosts, including cnidarians.  In this symbiosis, the endosymbiotic algae are enclosed in a symbiosome membrane and donate photosynthetically fixed carbon to the host in exchange for nutrients.  Symbiodinium is a diverse genus of multiple strains within each of 8 clades.  Many of these associations show a high degree of specificity between host and symbiont. The symbiont secretes mucilage that lies at the interface with the host as part of the symbiosome membrane.  Cultured Symbiodinium from a variety of clades were labeled with one of 2 antibodies to symbiont mucilage (PC3, developed to a clade B alga; BF10, developed to a clade C alga).  The labeling was visualized with a fluorescent marker and examined with epiflorescence and confocal microscopes.  PC3 antigen was found in cultured Symbiodinium from clades A and B but not clades C and D.  Within clades A and B there was variation in the amount of label. BF10 antigen was more specific and only found in strains closely related to the strain the antibody was created against.  Transmission electron microscopy was also used to examine the mucilage layer ultrastructurally.  These results indicate that the mucilage secretions do vary amongst Symbiodinium strains. Since they are present at the host-symbiont interface, these variations in mucilage composition could be involved in specificity at the molecular level.  Identifying how host and symbiont establish these specific associations at the cellular/molecular level will give insight into how these symbioses functions.

CONTRIBUTED
Wide Field Optics: Scanning Electron Microscopy that Starts at the Centimeter Scale
William J. Mershon

Tescan USA, Cranberry Township PA 16066

Many samples in the SEM are part of objects and products of significant size. Modern SEMs with large chambers and big stages have made it easier to accommodate these samples, but the lack of useful low magnification and high depth-of-field can make it difficult to efficiently analyze them. The use of a wide field electron optical system can overcome these limitations. Viewfield widths of twenty-five millimeters are possible at the analytical working distance and viewfields of more than one hundred millimeters are achievable. This makes possible useful SEM imaging across five orders of magnitude, simplifies navigation and makes it easy to compare SEM data to conventional photography.
POSTER

Two-Dimensional Crystallization of a Signal Peptide Peptidase for Structure-Function Studies by Electron Crystallography

MG Metcalfe1, J Drury2, R Lieberman2, and I Schmidt-Krey1,2
School of Biology1, School of Chemistry and Biochemistry2, Georgia Institute of Technology, Atlanta, GA.

Signal peptide peptidase (SPP) is an intramembrane eukaryotic presenilin-type aspartyl protease. Located in the endoplasmic reticulum (ER), SPP cleaves signal peptides embedded in the ER membrane after they have been released from nascent polypeptides by signal peptidase. SPP is involved in virus maturation, cellular signaling (reviewed by Kapp 2009), and possibly interacts with misassembled/misfolded proteins (Crawshaw 2004, Schrul 2010). To determine the structure of SPP by electron crystallography, Haloarcula morismortui SPP (mSPP) was expressed in Escherichia coli with a C-terminal His tag and subsequently purified.  Two-dimensional crystallization trials were set up using previously described methodology (Schmidt-Krey 2007). Various lipid-to-protein ratios (LPRs) and NaCl concentrations in the dialysis buffers have been advantageous to producing proteosomes with first small ordered arrays of up to 100-200 nm. Further testing will include buffer conditions, LPRs, and additional parameters to increase the size of the ordered arrays. Structure-function data of mSPP may provide insight into how a hydrolysis reaction occurs in a hydrophobic environment and how the protein determines which transmembrane signal peptides to cleave. Additionally, structure determination of mSPP may help answer questions regarding how human presenilin, also a presenilin-type aspartyl protease and part of the (-secretase complex, cleaves amyloid precursor protein (APP) into amyloid beta protein. Mutations in presenilin and incorrect cleaving of APP are significant components in Alzheimer’s disease.

MSA INVITED

Electron Microscopy Goes 3D: The Technique and Future Development of Electron Tomography

Daniela Nicastro

Brandeis University, Department of Biology

In electron tomography (ET) a set of projection images from different viewing angles is recorded using a transmission electron microscope. These images can then be used to reconstruct the three-dimensional structure of the specimen by computed back projection. ET is a rapidly developing technique that is playing an increasingly important role in both the materials and life sciences. Broader application of the technique and continued innovations are diversifying ET. In this presentation we give an introduction into the technique, discuss strengths and limitations, provide a broad overview of directions in both physical and biological ET, and report about technical progress and a few exemplary applications.

Cryo-electron Tomography provides new views of cells Rapid freezing of cells and tissues can provide outstanding structure preservation and good time resolution of dynamic cellular processes.  Electron tomography of rapidly frozen specimens (cryo-ET) is a powerful technique for imaging biological structures in their native state. Cellular cryo-ET can provide 3-D information about a pleomorphic biological specimen with much potential for the characterization of biological structures and macromolecular assemblies in situ. The cutting edge approach of cryo-ET in combination with image processing techniques, such as 3D correlation averaging and structural classification has already provided new views of the 3D structure of cellular organelles and molecular machines at a molecular level. Such information can provide detailed insights into the structural basis and ultimately the function of many cellular processes.
POSTER


Understanding the Fate of Oxalate in the Brown-Rot Fungus Antrodia radiculosa Using SEM-EDX Imaging and Analysis
 
Leslie Parker, Juliet Tang, Susan V. Diehl
Forest Products Department, College of Forest Resources, Mississippi State University, MS 39762
Energy dispersive x-ray (EDX) mapping and spectrum point analysis was performed in a scanning electron microscope (SEM) on early- and late-stage decayed samples of both copper-treated and untreated southern pine wood. EDX analysis of two different crystals imaged by secondary electron emissions resulted in the verification of oxalate crystal formation by the brown-rot fungus, Antrodia radiculosa. Elemental composition of the crystals present along the hyphae in copper-treated wood was consistent with that of copper oxalate, suggesting that the fungus uses oxalate to reduce the bioavailability of the toxic copper by precipitating it as a non-soluble, non-toxic crystal. In the absence of copper, as in the untreated samples, the fungus also formed oxalate crystals, however compositional analysis demonstrated that calcium was used for the oxalate precipitation. These results, obtained by electron and x-ray microscopy, provided insight into the fate of oxalate and its role in differential gene expression of enzymes in the oxalate production pathway. Since oxalate crystals are not only produced in the presence of copper, it is hypothesized that the role of copper oxalate production is two-fold; the precipitation of copper as crystals protects the fungus from the copper toxicity while the removal of oxalate prevents toxic accumulation and maintains a low pH environment, thus stabilizing the fungus’ degradative enzymes.

CONTRIBUTED
Art and Scientific Imaging: Two Worlds Interact

John Shields and Michael Oliveri*

Center for Ultrastructural Research and *Lamar Dodd School of Art, University of Georgia, Athens GA

Several years ago, Michael began to explore creating images from nanoparticles discarded by the NanoSEC at UGA. His work was partially created with their FE-SEM and produced striking images that became part of a series of installations and shows.  Eventually, a difference of understanding in citation and recognition in the creative process ended that collaboration. Michael knew about the Center and a discussion ensued which culminated in work being done at the Center instead.  I will discuss the interface and perceptions involved in collaborations with artists in a cost-recovery facility and what problems can arise. Some work created by Michael will be presented and a brief description of the motivation and evolution of ideas that arise when the piece is being developed and produced.  Some work by other artists will be shown as well with some information about their creation.
As Central facilities reach out to an ever diverse clientele, we must be prepared to discuss unusual cost-recovery ideas, collaborations, and purposes for our instrumentation.  I hope this talk will open up dialog that can be pursued over the span of the meeting about unusual clients and opportunities.

CONTRIBUTED

Microanalysis of Art Glass Cutting Mists

Robert Simmons

Dept. of Biology, Georgia State University, Atlanta, GA 30303

Many glass objects or materials are finished by processed collectively referred to a ‘cold working’ and include grinding, cutting and polishing typically employing diamond or other abrasive materials. Usually water, oils or oil-like fluids are used as lubricants and for cooling. These processes often generate fine mists consisting of small droplets on the cooling fluid as well as the particulate material removed from the work piece. Industrial scale operations are generally equipped to deal with effective capture and removal of these cutting mists.  As glass working has entered the realm of the hobbyist more people are employing these methods without fully understanding the nature of these cutting mists. This work demonstrates the particulate composition of mists generated when cutting art glass materials using tools commonly found in small glass working studios. Scanning electron microscopy of dried mist samples shows glass particles ranging down to sub-micrometer sizes are present in these mists and may be taken into the airways of workers who fail to utilize appropriate respiratory protection. X-ray microanalysis of these particles demonstrates the presence of heavy metals used as coloring agents in the glass. Unprotected workers may introduce both fine glass particles and heavy metals directly to the deeper regions of the lung. Prolonged exposure to these materials increases the risk of lung diseases such as silicosis. Hobbyist glass workers should familiarize themselves with the by-products of their cold working processes and make use of appropriate safety equipment in order to reduce their risk for lung damage.

RUSKA

Wavefront Aberration Measurement and Correction in C. elegans with Adaptive Optics
Ben Thomas and Peter Kner

Faculty of Engineering, University of Georgia, Athens, Ga 30602

When imaging with fluorescence microscopy into thick tissue samples, the light traveling through the sample is distorted by the three dimensional structure of the sample refractive index as well as the varying indices of refraction of the sample, cover glass, and the medium in which the sample is contained.  The distortion of the image will reduce the signal-to-noise ratio and affect the image fidelity. In thick tissue samples, the peak intensity can easily be reduced by more than a factor of 10. This reduction in peak intensity means that weak signals from fluorescently labeled structures can easily be lost in the noise. This distortion can be corrected using adaptive optics technology, the process of measuring the wavefront and then correcting the distortions with a deformable mirror. Adaptive Optics has been used with great success in astronomy where Shack-Hartmann Wavefront Sensors are used to measure the optical aberrations caused by the earth’s atmosphere, using a bright star, commonly referred to as a “guide star,” as a reference. Here we describe the design and calibration of a Shack-Harmann sensor, and the closed loop control of a deformable mirror in a fluorescent microscope. We demonstrate the use of a fluorescent microbeads and GFP as "guide stars", and measure the wavefront aberrations in the roundworm C. elegans.

POSTER

Regulation of Glioblastoma Spheroid Invasion by the Small rhoGTPase cdc42: 
A 3-D In Vitro  Imaging Study
Songli Xu, Stefan Kaluz, Erwin Van Meir, and Adam I Marcus
Winship Cancer Institute, Departments of Hematology and Oncology and Neurosurgery, Emory University School of Medicine, Atlanta, GA 30322
Tumor metastasis is a complex event where cancer cells migrate from the primary tumor site to other organs. Two dimensional imaging assays to study this (e.g., a wound healing assay), have been extensively used to study the in vitro mechanisms regulating this; however, in vivo invasion occurs in a 3-D tumor micro-environment. To address this, we formed glioblastoma LN-229 3-D spheroids embedded in Matrigel to model in vivo 3-D invasion. These cell lines were engineered to express either a doxycycline inducible GFP:Q61L or  GFP:T17N mutant, that is constitutively active or inactive, respectively. Since cdc42 is a small rho GTPase that is a known master regulator of cell polarity and motility, using this inducible system we can either activate or inactivate the glioblastoma cell invasion program. Spinning disk confocal microscopy was employed to provide high spatiotemporal optical section through the spheroids, which had an average diameter of 279.12um. The results show that when active cdc42 was induced, spheroid migration begins 2.76 hours earlier than non-induced control (P<0.001) in a Matrgiel concentration of  0.5ug/ml . In contrast, induction of inactive GFP-cdc42, led to near complete inhibition of cell invasion. Manipulation of the microenvironment by, increasing the concentration of Matrigel to 1ug/ml delayed spheroid migration (p<0.001), while decreasing the concentration to 0.25ug/ml of ECM stopped spheroid migration; however, although the the starting migration time is different in different ECM conditions, the total number of invading cells are not significantly different (P>0.05). We concluded that CDC42 is required for the glioblastoma spheroids migration and the concentration of ECM is important for glioblastoma spheroid migration. Further data analysis is being done to establish a mathematic model to address the mechanism how the migration remodel re-aligns the ECM, generate ECM stiffness gradients to ultimately facilitate their invasion in the microenvironment.
CONTRIBUTED

Electron Probe Microanalysis and Geothermobarometry - Stories from Chemical Compositions of Minerals from the Earth’s Crust and Mantle

Donggao Zhao
Department of Geological Sciences, University of Texas Austin, 1 University Station C1100, Austin, TX 78712

Microanalysis, specifically electron probe microanalysis (EPMA) or electron micro probe analysis (EPMA) based on wavelength dispersive spectrometry (WDS) of characteristic X-rays, has been widely used in determining chemical compositions of minerals, naturally occurred materials.  A detection limit of EPMA is generally in tens of ppm level or 0.001 wt %.  A recently developed technique by Donovan (2011) in the background fitting of the WDS peak of an element, multi-point background fitting, enables a detection limit down to a few ppm levels with an optimized experimental conditions and careful operation of an electron microprobe analyzer.  

EPMA results of these minerals or mineral assemblages, if at equilibrium thermodynamically at the time they formed and if they did not change chemically thereafter, preserve useful information about their formation conditions such as temperatures and pressures.  Geothermobarometry is a method to determine the formation temperature and pressure of minerals or mineral assemblages in a geological setting based on their chemical compositions and equilibrium conditions. 

In geology, quartz, SiO2, is a ubiquitous mineral occurring in a wide range of geological settings throughout the Earth’s crust.  It can be found in volcanic, plutonic, metamorphic, hydrothermal and sedimentary environments.  Titanium is one of trace elements that substitute for Si in quartz.  Concentration of Ti in quartz is correlated with the physical and chemical conditions of quartz crystallization.  For example, a quartz crystal from a Yellowstone National Park volcanic rock contains approximately 90 to 150 ppm Ti.  According to a titanium-in-quartz thermometer developed by Wark and Watson (2006), these Ti contents in quartz yield temperatures ranging from 730 to 800°C. 

In the Earth’s mantle, there are two common types of rocks, garnet lherzolite and spinel lherzolite.  The transition between these two types of rocks can be used to constraint the formation pressure of assemblage orthopyroxene-spinel-garnet-olivine, which is called a barometer of Al-in-orthopyroxene coexisting with garnet.  If this geobarometer is combined with a geothermometer called MgSiO3 partitioning between orthopyroxene and clinopyroxene, then both formation pressure and temperature can be obtained.  Application of this pair of geothermobarometer to a mantle xenolith from Canada gives a formation pressure and temperature as 26 kbar and 830°C.
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