Turning Blood Cells into Oyster Shells
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The general consensus has been that the shells of mollusks form outside
of cells. Akintobone formation in vertebrates, an organic matrix is secreted by
cells and the inorganic material is deposited within this matrix in an organized
way. Andrew Mount, A.P. (Hap) Wheeler, Rajesh Paradkar, and Dennis Snider
have now found convincing evidence that blood cells (specifically a class of
granulocytic hemocytes) may be directly involved in shell crystal production
for oysters.

Invitro studies of molluscan shell formation usually require supersaturated
levels of calcium carbonate, much higher than levels measured i vivo. Other
studies have shown that secondary nucleation events on matrix-coated crystals
in situ are probably not involved in shell formation.

Mount et al. reasoned that one alternative explanation of the lack of these
extracellular events may be that crystallogenic cells could supply crystals to the
mineralization front. Such circulating amoeboid hemocytes could account
for a large nonexchangeable pool of calcium known to exist in these animals.
In oysters, there are two major types of amoeboid cells in the hemolymph:
agranulocutes and granulocytes. The agranular cells tend to spread out as
thin cells and secrete collagen fibers. Granular cells are more motile, having
more of a macrophage-like function. A subclass of these granulocytes contains
birefringent granules and is known as refractive (REF) granulocytes. The func-
tion of these particular cells has not been fully elucidated.

In order to determine if REF granulocytes play a role in oyster cell forma-
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tion, Mount ef al. cut a notch in the cell margin to induce rapid (a matter of a
few days) shell growth. There are three distinct layers observed in the adult
oyster shell, and observations with the scanning electron microscope (SEM)
revealed that the regenerating layers do resemble their normal counterparts with
some minor exceptions. Some of the elements are not as closely packed in the
regenerating shell and some of the surfaces are not identical to the adult.

Interestingly, REF granulocytes increased from 5% to 15% of the total
hemocyte population 48 hours after notching. Furthermore, SEM revealed
crystal-shaped inclusions in these cells. X-ray microanalysis (SEM-EDS)
confirmed that these crystals contain higher levels of calcium than surrounding
regions of the cell. These crystals appeared to be released at the mineralization
front. These and other observations, including observations of living cells with
avital fluorescent stain, suggest that REF granulocytes are capable of delivering
calcium-containing crystals to the site of shell formation.

Crystals released at the regeneration front quickly remodel to resemble
normal shell structure. Hemocytes may even participate in this process. Addi-
tional studies established that the number of REF granulocytes and their crystals
are more than sufficient to account for sustained calcification of the shell.

Although direct cellular involvement has been shown in other mineraliza-
tion events, such as spicule formation, this is the first report that hemocytes
can initiate shell formation. Mount ef al. conclude that crystal formation in
molluscan shells involves complex interactions between organic phases and
cells. M

1 The author gratefully acknowledges Dr. Andrew Mount for reviewing this ar-
ticle.

2 Mount, A.S., A.P. Wheeler, R.P. Paradkar, and D. Snider, Hemocyte-mediated shell
mineralization in the eastern oyster, Science 304:297-300, 2004.
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From a collection of wine images by Tom Saunders, see
the article on page 36. Residual evaporation crystals from a
mixture of “Cabernet Franc” wine and vitamin B6 imaged by
a Zeiss Axiophot; 5x/0,15 Plan-Neofluar lens utilizing cross
polarization with a rotating analyzer slider. A quartz plate
Red 1 Lambda insert and an adjustable cellophane strip was
inserted above the condenser. Image captured with a 6.1mpx
digital camera. Image adjustment with Photoshop 7: unsharp
mask and slight contrast increase -- no color adjustments. Fi-
nal image 4x6 feet on archival canvas with archival pigments.
Part of the Art of Science Collection by T.H. Saunders©2005.
All Rights Reserved.
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The Detector That Revolutlomzed EDS

High performance EDS without liquid nitrogen

* Convenience - especially for multi-user environment
¢ Cool only when needed - 20 second cooldown

* No tending detector during vacation or plant closings

ssaud Aussanun abplquie) Ag auluo paysiignd S8E1L500056261551LS/£L0L'0L/610"10p//:sdny

* No liquid nitrogen related safety hazards ‘ s

e Exeéellent Ilgﬁt;element €
¢ Boron detection

e AND NOW premium resolution of 129eV!
Sahara - proven quality & performance

For more information visit our web site: www.pat.com/sahara.html

Princeton Gamma-Tech, Inc. Tel: (609) 924-7310
1026 Route 518 Fax: (609) 924-1729
Rocky Hill, NJ 08553 Toll free: 800-229-7484
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Vega Series Scanning
Electron Microscopes

Fully computer-controlled with a host of automated
features

Innovative and Unique 4-lens electron optics
Excellent Price/Performance Ratio

Unparalleled Functionality and Ease of Use —
Designed for the Multi-User Lab.

Compact, clean instruments to fit any environment.
Runs on 120V with no water-cooling!

Available in both high vacuum and variable pressure
models

Wide range of chamber sizes with computer-
controlled 5- and 6-axis eucentric stages

Excellent analytical capabilities, with optimized
ports for SE, BSE, EDX, WDX, EBSD, CL, and
an integrated Chamberscope/Picoammeter.

Extensive Feature Measurements as well as Fully
Automated Feature/Particle Analysis Capabilities
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v" Advanced Microscopy and Digital Imaging Workshop
March 20-25, 2005, University of California, Santa Barbara
www lifesci.ucsb.edu/medb/events/imaging_workshop/index.html

v Materials Research Society
March 28-April 1, 2005, San Francisco, CA
info@mrs.org

v" American Society for Biochemistry & Molecular Biology
April 2-6, 2005, San Diego, CA
www.asbmb.org

v’ Scanning 2005
April 5-7, 2005, Monterey, CA
scanning@fams.org

v Microscopy of Semiconducting Materials
April 11-14, 2005, University of Oxford, UK
www.rms.org.uk/MSMXIV

v Nanotech 2005
May 8-12, 2005 Anaheim, CA
www.hanotech2005.com

v" IUMAS and 9th Microbeam Analysis Workshop
May 22-26, 2005, Firenze, Italy
www.emas.ac.uk

v EM 2005—12th Intl. Conf. on Electron Microsc. of Solids
June 5-9, 2005, Kazimierz Dolny, Poland
katcki@ite .waw.pl

v" Lehigh Microscopy School
June 5-17, 2005, Lehigh University, Bethlehem, PA USA
www.lehigh.edu/microscopy

v' Inter/Micro — 2005
July 11 = 16, 2005, Chicago, lllinois
www.mcri.org/IM_info_page.html

v Cryo-HRSEM/STEM/TEM Short Course
July 13-15, 2005, Emory Univ. Atlanta, GA
electronmicroscopy.emory.edu

v Microscopy and Microanalysis 2005
July 31- August 4, 2005, Honolulu, HA
www.msa.microscopy.com

v' Society for Neuroscience
November 12-16, 2005, Washington, DC
info@sfn.org

v Materials Research Society
November 28- December 2, 2005, Boston, MA
info@mrs.org

v" American Society for Cell Biology 2004
December 10-14, 2005, San Francisco, CA
www.ascb.org

2006

v Microscopy and Microanalysis 2006
August 6-10, 2006, Chicago, IL
www.msa.microscopy.com

2007

v Microscopy and Microanalysis 2007
August 5-9, 2007, Fort Laurderdale, FL
www.msa.microscopy.com

2008

v Microscopy and Microanalysis 2008
August 3-7, 2008, Albuquerque, NM
www.msa.microscopy.com

Please check the “Calendar of Meetings and Courses” in the MSA
Jjournal “Microscopy and Microanalysis” for more details and a much
larger listing of meetings and courses.
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The objective of this publication is to provide material of
interest and value to working microscopists!

The publication is owned by the Microscopy Society of America
(MSA) and is produced six times each year in odd months, alternat-
ing with MSA's peer-reviewed, scientific journal Microscopy and
Microanalysis. We greatly appreciate article and material contributions
from our readers—“users” as well as manufacturers/suppliers. The
only criterion is that the subject matter be of interest to a reasonable
number of working microscopists. Microscopy Today has authors from
many disparate fields in both biological and materials sciences, each
field with it's own standards. Therefore MT does not have a rigid set of
style instructions and encourages authors to use their own style, asking
only that the writing be clear, informative, and accurate. Length: typi-
cal article length is 1,500 to 2,000 words plus images, longer articles
will be considered. Short notes are encouraged for our Microscopy
101 section.
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Disclaimer: By submitting a manuscript to Microscopy Today, the author
warrants that the article is original (or that the author has the right to use
any material copyrighted by others). The use of trade names, trademarks,
efc., does not imply that these names lack protection by relevant laws and
regulations. Microscopy Today, the Microscopy Society of America, and
any other societies stated, cannot be held responsible for opinions, errors,
or for any consequences arising from the use of information contained in
Microscopy Today. The appearance of advertising in Microscopy Today
does not constitute an endorsement or approval by the Microscopy Society
of America of the quality or value of the products advertised or any of
the claims, data, conclusions, recommendations, procedures, results
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Microscopy Society of America, the editors, nor the authors can accept
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You no longer need to optimize your x-ray microanalysis parameters for just a
few elements. That's because Thermo’s NORAN System SIX x-ray microanalysis

system gives you a complete data set with every run.
Built around our spectral imaging technology, NORAN System SIX:

= Eliminates guesswork by automatically optimizing data collection
= Gives you a full spectrum for every pixel of your electron microscope image
» Allows analysis and re-analysis of the full data set any time, anywhere.

Open your eyes to the world of NORAN System SIX at www.therma.com/microanalysis
or contact us for more information.

Telephone: 1-800-532-4752 * Email: analyze.us@thermo.com

A Analyze « Detect « Measure « Control™ =
ELECTRON CORPORATION
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