.
vt
L
L
*
®
2

T
e
X
a
S
J
0
u
r
)
a
l
0
f
M
i
c
r
0
)
c
0
P
y

Volume 33,
Number 2, 2002
ISSN 0196-5662

Visit our web site at:
www.lexasmicroscopy.org




Micro Star diamond knives superb quality is backed by an
unprecedented 1 year guarantee. Micro Star, the leader in
diamond knife technology is the choice of thousands of
scientists around the world. See the reasons:

15104 | NONE | NO | NO | no |/$1,650 | $2,600 |

1105.5 ‘ NONE | No.l NO | NO [$1,700 | $2,550 |

2 &3 only | NONE I NO | no I NO | $1,750 | $2,500 [

1106 | 7to10 | YES ‘ YES | YES | $1,000 l $1,990 ‘

8005332509 Fax4092949861 e-mail: mistar@msn.com

Complete price list, specifications, dimensions and manual at our Web site: I http:/lwww.microstartech.com/ I




TSM OFFICERS
2001-2002

President:

PAMELA J. NEILL

R3-24

Alcon Laboratories, Inc.

6201 South Freeway. Fort Worth, Texas 76134-2099
(817) 568-6497

E-mail: pamela.neill@alconlabs.com

President Elect:

ANN E. RUSHING

Department of Biology

Baylor University, Waco, Texas 76798-7388
(254) 710-2911 FAX (254) 710-2969
E-mail: Ann_Rushing@baylor.edu

Past President:

DAVID C. GARRETT

Department of Biological Sciences

University of North Texas, Denton, Texas 76203-5218
(940) 565-3964 FAX (940) 565-4136

E-mail: dgarrett@unt.edu

Secretary:

ANN S. BURKE

Electron Microscopy Lab

Shriners Hospital for Children

815 Market Street, Galveston, Texas 77550
(409) 770-6653

E-mail: aburke @utimb.edu

Treasurer:

NABARUN GHOSH

Department of Life. Earth and

Environmental Sciences

West Texas A&M University, Canyon, Texas 79016
(806) 651-2571 FAX (806) 651-2928

E-mail: nghosh@mail wtamu.edu

Treasurer Elect:

ROBERT DROLESKEY
USDA/ARS/SPARC

2881 F&B Rd., College Station, Texas 77845
(979) 260-9316 FAX (979) 260-9332
E-mail: droleskey @ffsru.tamu.edu

Program Chairman:

JOSEFHINE TAYLOR

Department of Biology

Stephen F, Austin State University

P.O. Box 13003, Nacogdoches. Texas 75962
(936) 468-2268 FAX (930) 468-2056
E-mail: jtaylor@sfasu.edu

Program Chairman Elect:

SUSAN ROBBINS

Department of Pathology

Baylor College of Medicine

One Baylor Plaza, Rm. 212B. Houston, Texas 77030
(713) 798-4658 FAX (713) 798-3945

E-mail: srobbins @bem.tme.edu

APPOINTED OFFICERS

Corporate Member Representative:

Mike Crowley

Oxford Instruments, Inc,

3536 Flora Vista Loop, Round Rock, Texas 78681
(512) 246-7551 FAX (512) 246-7501

E-mail: crowley @ma.oxinst.com

Student Representative:

SAM HO

Transplant Immunology Research Laboratory
Baylor University Medical Center

3409 Worth Street Suite 530, Dallas, Texas 75246
(214) 820-4123

E-mail: Sam_Ho®@baylor.edu

TSM Journal Editor:

CAMELIA G.-A. MAIER

Department of Biology

Texas Woman's University, Denton, Texas 76204-5799
(940) 898-2358 FAX (940) 898-2382

E-mail: cmaier@twu.edu

TSM Web Page Master:

BECKY HOLDFORD

Texas Instruments Inc.

13570 North Central Texas Expressway.
MS 3704, Dallas, Texas 75243

(972) 995-2360

E-mail: r-holdford @ti.com

Lontents

TEXAS JOURNAL OF MICROSCOPY
VOLUME 33, NUMBER 2, 2002
ISSN 0196-5662

Camelia G.-A. Maier, Editor
Department of Biology, Texas Woman’s University, Denton, TX 76204

Official Journal of the Texas Society for Microscopy
“TSM - Embracing all forms of microscopy”
WWW.1eXasmicroscopy.org

President™s BIessope o pwwwe s usws ne s siomems v s o 56658 8 Lhana 35
Meeting Memories .. .........ouii e 36
TIBARDEEES TEPOLS . « « x coomees s 55 5 5 65 3 womwmonn 5 5 4 6@ g & 8 4 4§ § PrEEHE 37
AISIAGlS s s o8 4550 BT R B RS F IS IO BV EE B e nna sy s s 38
Long Abstract:

An SEM Study of Frost Rings in a Bristlecone (Pinus longaeva)
From Sheep Mountain, California

Howard Arnott and Christine Hallman ...................... 42
Answer to “What Is [t?” from Tex. J. Micros. 33:1 . ............. 44
Editorial Policy .. .. ... . 45
Job Opportunity . ....... ... 45
Ltiers D AhE BT &5 5o o tunssiod 55 5 5 &« soemons 5 x sommmme & < o % o 5 w0 46
Advertiser’s Index .. ... ... 46
WhatIsTt? suomesesssasspmamssessoasis smmdiabiasiasasissasn 47
Our Students .. ... e 48
COrpotaie NIEHabEEE . .. c o wwwmonss s a0 v v o v wmem » 6 8 om0 8608 & 50

Educational Tips:
An Interdisciplinary Inquiry Laboratory on Calcium
Biomineralization in Plants

Camelia G.-A. Maier and Howard J. Arnott .. ................ 51
TSM Application ForMembership :.:sovsssmwvssszpmsassssas 58
ON THE COVER

The three light microscopy images on the cover are illustrations of biomineralization in
plants. Top picture represents a section through a Ginkgo (Ginkgo biloba) leaf showing
a file of small druses as well as a few large druses in the vicinity of vascular tissue
(140X). Middle picture is a light micrograph of a fresh section through water hyacinth
(Eichhornia crasipes) leaf (320X). A raphide is visible under crossed polarizers sticking
out in the air spaces of the aerenchyma. Bottom picture illustrates isolated raphides from
water hyacinth leaf under crossed polarizers (375X). For more details on biomineralization
in plants, see 'Educational Tips' on page 51. Howard J. Arnott, Department of Biology
and Center for Electron Microscopy, University of Texas at Arlington, Arlington, Texas
76019.

Tex. J. Micros. 33:2, 2002 31



ATOMIC SPECTROSCOPY INSTRUMENTS

Building
Quality Instrumentation
With
Innovation

D A

)

First there was—Denton Vacuum

. e

: Thel‘l-RMC Products by Boeckeler

Next came-Fischione Instruments

§AND NOW-THERMONORAN EDS

.@F‘ 7"

For Complete Preparatlon & Analysis
Call 254 947 8929
Or Email grbird@thegateway.net

ATOMIC SPECTROSCOPY INSTRUMENTS, PO Box 1035, Salado TX 76571-1035




5300 ON

There are 1001 electron microscopy
applications. There is one company
ready to respond to any one of them.

You name it. We've got it. The perfect
electron microscopy solution. For
biological, geological and new-materi-
als research. For industries ranging
from semiconductor 1o [ood, textile

to pharmaceutical. For R&D and QA.
For laboratories and high-production
environments.

We're talking Hitachi’s unmatched
product-line breadth-and depth. From
the worlds highest-resolution SEM to
a super-affordable SEM that sacrifices
nothing in high-end features. From
STEMs with the operational simplicity
of a SEM to CD-SEMs and an array of
bright- and dark-field wafer inspection
systems. From a pacesetting FIB to a
breakthrough PCI data management
systen.

That broad line, those advanced
technologies, are what you'd expect
[rom those who introduced the first
Windows-operated TEM and who've
made TEMs since 1941, SEMs since
1969, FE-SEMs since 1972 and
FE-TEMs since 1983. We're also the
company that’s averaged over 1000
patents a year since 1976. Further,
we're the people currently pioneering
interactive, Internet-based “collabora-
tion microscopy” and a 1-MV held-
emission transmission electron
microscope.

Small wonder our solutions—many
of which were first developed for our
own internal use and all of whose com-
ponents are built in cleanrooms using
Hitachi equipment—are the first choice

worldwide. But, more important, you
can see virtually all of our microscopes
demonstrated in our new 65,000-sq.-ft.
demonstration/ training/ R&D facility.
So, take the first step toward your
perfect solution. Visit our Web site.

Or simply call.

Hitachi High Technologies America

5100 Franklin Drive

Pleasanton, CA 94588-3355

(800) 227-8877

E-mail: emdsales@hitachi-hhta.com
www.hitachi-hhta.com

940 Clopper Road, Suite 944

Gaithersburg, MD 20878
(800) 638-4087

Windows is a registered trademark
ol Microsolt Corporation



Lift 'n Press

Conductive Adhesive Tabs
For SEM Sample Preparation

Instant adhesion of SEM samples, just peel,
press to apply to your sample mount, and lift
off the paper backing.

Condustive adhesive, over 99% transparent
to EDS.

Can be trimmed to accomodate any size
mount.

Each roll contains 250 adhesive tabs

Part # CLNP $29.95 per roll

Call, Fax or E-mail:

M. E. Taylor Engineering, Inc
21604 Gentry Lane
Brookville, MD 20833
Phone: (301) 774-6246
Fax: (301) 774-6711
E-mail: metengr@aol.com
visit us on the web
www.semsupplies.com




President’s Message

meetings in Austin (Fall, 2002) and Denton (Spring,

2003). Bring your families to Austin, our state capi-
tal. Jo Taylor, the Program Chairman, has gotten good rates
at the Embassy Suites and worked with Graham Byrd (ASI,
Inc.) on great workshops to start things off on Thursday.
October 24.

The Spring 2003 meeting in Denton will be a very good
opportunity to visit with our old friends from the Oklahoma
Microscopy Society (OMS). We are arranging a joint meet-
ing with OMS at Texas Women’s University in Denton. Start
making preparations to attend and present papers and/or
posters. Encourage your students and technicians to partici-
pate as well and stay tuned to TSM’s websilte,
www.texasmicroscopy.com, for more details and updates.
Yes, TSM has its very own domain name now and we have
Becky Holdford, the webmaster, to thank for her hard work
and dedication to TSM. If you have comments or would like
to help with the website, please contact Becky.

I would like to thank everyone who participated in the
emergency election for TSM officers for 2002-2003. We are

The 2002-2003 year will be a great time for TSM with

now back on track and I look forward to working with the
newly elected officers. They are Anne Rushing, President
Elect, Bob Droleskey, Treasurer Elect, and Susan Robbins.
Program Chairman Elect. The Executive Council appointed
Sam Ho from Baylor University Medical Center, as the new
Student Representative.

[ would like to close this message by physically asking
each TSM member to consider participation in TSM by at-
tending and presenting papers at the meetings, submitting
manuscripts and illustrations to the journal, and holding of-
fice. The Journal is peer-reviewed and has national circula-
tion so, please inundate Camelia Maier, the editor, with your
manuscripts and support our Society. If you are interested in
helping out at the meetings or if you have students that could
do this, please contact the Program Chairman and volun-
teer. This is a great way to meet fellow TSM members. We
are also open to suggestions for new topics for speakers and
workshops for our meetings. Your officers strive to meet the
scientific needs of the Society by addressing current issues
in science, so we need your input. After all, this is your soci-
ety and it will not survive without you. See you in Austin!

Pamela Neill
TSM President 2002-2003

Call For Papers

Manuscripts are needed for the next edition of the Texas Journal of Microscopy. Please send your work as short
communications, full articles or review articles in biological sciences, material sciences or education to:

Camelia G.-A. Maier
TSM Journal Editor
Department of Biology, TWU
Denton, Texas 76204-5799
(940) 898-2358

cmaier@twu.edu
Manuscript deadline is January 15, 2003

Tex. J. Micros. 33:2, 2002 35
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Abstracts

BIOLOGICAL SCIENCES
FALL 2002

A RELIMINARY SEM STUDY OF LEAF STRUCTURE IN SPE-
CIES OF SALVIA. MARTHA I. GRACEY AND HOWARD 1.
ARNOTT, The Center for Electron Microscopy, The University of
Texas at Arlington, Arlington, Texas 76019

Salvia species, also known as sages or salvias, are a diverse group
of plants in the Lamiaceae that grow abundantly throughout the world
in diverse habitats. These plants are used for many purposes: in the
United States, they are used mainly as kitchen herbs, as bedding plants
in gardens and flowerbeds and as minor crops. Salvia divinorum is a
species found in the more temperate regions of Mexico. This species
produces a type of hallucinogen, a small organic molecule called
Divinorin A, and it is used by aficionados in several countries
(sagewisdom.com). It is currently legal to possess S. divinorum in the
United States. The leaf structure of Salvia species is diverse; simple
observation shows that some species are smooth while others are ob-
viously covered with trichomes; some of this variation may be due to
habitat differences of the species in nature. This paper will compare
the leaves of the hallucinogenic S. divinorum with those of other non-
hallucinogenic species of Salvia. The characteristics of the leaves will
be examined using the SEM and LM. The leaves of S. divinorum that
were studied included specimens resuscitated from dried “drug
samples™ and others from living plants. Associated with the veins in
S. divinorum we found elongate trichomes composed of 5 or 6 cells;
each cell has numerous small pegs on its surface. This type of tri-
chome is also occasionally found in the intervenal areas. Short, bul-
bous “glandular” trichomes are found commonly in the intervenal ar-
eas along with many stomata.

APOPTOSIS IN OVINE LUNG AFTER SMOKE INHALATION AND
BURN INJURY. Ann S. Burke, Robert A. Cox, Robert E Barrow, Daniel L.
Traber and Hal K. Hawkins. Shriners Burns Hospital, Galveston, TX 77550
and University of Texas Medical Branch, Galveston, TX 77555

Apoptosis, programmed cell death, is characterized by changes in the cell
membrane, condensation of cytoplasm and DNA cleavage. In this study, we
used caspase 3 active antibody and a TUNEL assay kit to assess apoptosis in
sheep lung after combined smoke inhalation and burn injury. Lung tissue was
collected using a standard protocol. We used 5 normal sheep, 8 at 24 hours, 6
at 48 hours and 5 at 72 hours after smoke inhalation and burn injury. Tissues
were collected at autopsy, fixed in formalin and processed into paraffin. Four
micron sections were cut for the TUNEL assay and immunohistochemistry
using rabbit anti-human/mouse caspase 3 active antibody. Sections of normal
lung had intermittent caspase 3 positive cells in the epithelial lining of airways
and macrophages. After 24 hours, injured lung tissue had focal areas of strong
caspase 3 positive staining in airways, surrounding blood vessels, macrophages
and parenchyma. After 48 hours, most bronchioles also showed positive
staining for caspase 3. The TUNEL assay showed a progressive increase in
nuclear staining with time at 24, 48 and 72 hours post injury. Cells committed
to entering the apoptotic pathway, shown by caspase 3 staining and those
already dead, shown by the TUNEL assay increase with time after combined
smoke inhalation and bumn injury. Bronchi showed significantly increased
apoptosis after 24 hours. After 48 hours, bronchioles were also adversely
affected. Immunostaining for activated caspase 3 correlates with TUNEL
staining in showing an increase in the number of cells dying via apoptosis after
smoke and burn injury. Additional studies are in progress to study the caspase
cascade in the apoptotic pathway. Interruption of an early caspase could
contribute to recovery from pulmonary inhalation injury that may have
therapeutic value.

38 Tex. J. Micros. 33:2, 2002

OBSERVATION OF SALMONELLA TYPHIMURIUM FIM-
BRIAE BY NEGATIVE STAIN. R. E. DROLESKEY', A. D.
HUMPHRIES?, M. RAFFATELLU?, A. J. BAUMLER?, R. B.
HARVEY' and D. J. NISBET', 'USDA, ARS, Southern Plains Agri-
cultural Research Center, College Station, TX 77845 and *Dept. of Medi-
cal Microbiology and Immunology, College of Medicine. Texas A&M
University System Health Science Center, College Station, TX 77843.
Washed and unwashed overnight cultures of Salmonella
typhimurium were examined for the expression of fimbriae using nega-
tive stain. In the course of the evaluation, it was noted that the distri-
bution of bacteria on formvar coated grids was dependent on the nega-
tive stain utilized for visualization. With phosphotungstic acid, bacteria
tended to aggregate along the grid bars on both carbon coated and
uncoated formvar grids. Aggregation of bacteria hindered the obser-
vation of individual bacteria for the determination of fimbrial expres-
sion. Alteration of stain concentration and pH did not effectively en-
hance the distribution of bacteria on the grid. Several surface tension
modifiers — poly-L lysine, bovine serum albumin and bacitracin — as
well as glow discharge, were able to slightly improve bacterial distri-
bution. However, in the case of protein modifiers the appearance of
protein molecules in the background interfered with the observation
of expressed fimbriae. Staining of bacteria with either 1 or 0.5% aque-
ous ammonium molybdate produced grids with evenly spread bacteria
with a relatively clean background. Inclusion of protein surface tension
modifiers did not enhance the distribution of bacteria but did contribute
unnecessary background to the images. Staining bacteria with aqueous
uranyl acetate produced grids with bacteria more evenly distributed than
with phosphotungstic acid. However, grids stained with uranyl acetate
had lower numbers of attached bacteria than when stained with ammo-
nium molybdate. In the case of S. typhimurium. ammonium molybdate
proved to be a superior stain for the visualization of fimbriae. Its supe-
riority was due to its ability to produce grids with evenly stained and
distributed bacteria without the need for surface tension modifiers.

IN VITRO PROPAGATION OF SESBANIA GRANDIFLORA,
A TROPICAL LEGUME. GREG T. LEWELLEN', BRIT
PATTEN' and NABARUN GHOSH'. 'Department of Life. Earth
and Environmental Sciences, West Texas A& M University, Canyon,
TX 79016

Research in the area of biotechnology and genetics could aid in
the preservation and restoration of endangered or threatened species.
Techniques including gene banking, cytogenetic analysis and tissue
culturing maybe used to enhance reforestation and conservation
efforts. One particular species, Sesbania grandiflora, has significant
potential to stimulate the agricultural development of many arid
countries, as well as enhancing the agricultural economy of the
southwest United States. Reforestation projects in Taiwan and
Indonesia have replanted S. grandiflora in hopes of preventing soil
erosion and replenish soil damaged by slash-and-burn agricultural
techniques. S. grandiflora seeds were surface sterilized using 2%
Tween20 and 2% sodium hypochlorite. These seeds were then
germinated in vitro in MS media containing 8% (v/v) coconut milk.
We used cotelydons as the explant source. Explants were inoculated
into MS media containing coconut milk (8% v/v), IAA (0.25 mg/L)
and BAP (2.0 mg/L). Shoot regeneration occurred directly from
the explants as well as from callus. The microshoots were transferred
to MS media containing 5% (v/v) Coconut Milk, 2.0 mg/L NAA,
1.0 mg/L. BAP, 80.0 mg/L casein hydrolysate and 4% (w/v) T. C.
agar.

We observed organogenesis in several calli batches and recorded
the stages by capturing digital images with an Olympus SZ-CTV
Stereoscope attached to a DVC camera. This organogenesis occurred
spontaneously without further modification of hormonal



concentrations. Regeneration of micro-shoots occurred from callus
of I to 1 months of age. Rhizogenesis occurred 60 days after initial
shoot transfer. Somatic metaphase plate from the squash preparation
of the root tips revealed 2n =24 chromosomes.

ASSESSMENT OF POLLEN CONCENTRATION IN THE AT-
MOSPHERE OF TEXAS PANHANDLE THROUGH THE USE
OF A BURKARD VOLUMETRIC SPORE TRAP. BRIT PATTEN',
GREG LEWELLEN', NABARUN GHOSH', C. SAADEH?® and
MICHAEL GAYLOR?®. 'Department of Life, Earth and Environmen-
tal Sciences, West Texas A& M University, Canyon, TX 79016, *Ama-
rillo Center for Clinical Research/Allergy A.R.T.S. 1901 Medi Park,
St. 40, Amarillo, TX 79016

The purpose of our analysis of pollen data is to assess and enumer-
ate the impact of airborne pollen and mold spores on the breathing
and causes of allergic rhinitis in individuals that are carried on the
atmospheric oscillations of the exterior environment. Qur objective is
to survey the type and concentration of pollen and spores on a daily
basis and correlate these concentrations with both the weather on a
particular day and the incidence of allergic reactions. Aeroallergens
are often the cause of serious allergic and asthmatic reactions, affect-
ing millions of people each year.

The analysis of air was performed through the collection of pollen
and spores using a Burkard Volumetric Spore Trap. We mounted the
trap on the flat roof of the Agriculture and Natural Sciences building
of West Texas A&M University in Canyon, Texas. This area has ad-
equate exposure to the prevailing winds of West Texas, and is above
the trees of the surrounding community.

Collection and transfer of the pollen sampling tape takes place at the
same time, 9:00 a.m. CDT, on a daily basis. Tapes are analyzed with a
minimum of five latitudinal traverses, and daily concentration is assessed.

The most significant allergens present during these summer months
were Alternaria ascospores, and pollen from Cladosporium, Dreschlera
(Poaceae), ragweed (Ambrosia) and pine (Pinus). Temperature was found
to have an inverse relationship with mold spores. The number of reported
cases of allergic rhinitis increased proportionally to the increases in over-
all allergen counts. Most significant was the increase in number of pa-
tients corresponding with increases in mold and A. artemisiifolia counts.

CALCIUM DEPOSITION AND IDIOBLAST DYNAMICS DUR-
ING LEAF DEVELOPMENT IN DIOECIOUS MULBERRY
SPECIES. ZHE ZHOU, DORI GREENWALD, DAVID C.
GARRETT, DIEDRE L. SHEPARD, HOWARD J. ARNOTT, and
CAMELIA G.-A. MAIER, Department of Biology, Texas Woman’s
University, Denton, TX 76204 (DLS, ZZ, and CGAM), Department
of Biology and Center for Electron Microscopy, University of Texas
at Arlington, Arlington, TX 76019 (HJA), and Department of Materi-
als Science, University of North Texas, Denton, TX 76203 (DCG)
Biomineralization is widespread among microorganisms, plants and
animals. The diversity of calcium deposition shapes and sizes, their
tissue distribution and prevalence have led to a number of hypotheses
regarding their functions in plants. However, sexual variations in cal-
cium depositions and their significance have not been addressed. Our
interest in sexual dimorphism of dioecious plants prompted us to in-
vestigate calcium deposition and idioblast dynamics in developing
leaves of dioecious mulberry. Leaf primordia from winter and sum-
mer buds as well as leaves in different stages of development from
male and female individuals of Morus alba and M. rubra (Moraceae)
showed at least three distinct forms: prismatic crystals, druses and
lithocysts. Oxalate levels were determined by using an oxalate diag-
nostic kit. Both male and female showed the same pattern of pris-
matic crystals in leaf primordia illustrating developmental differences.
Although no significant differences between M. rubra male and fe-
male were observed in the distribution of prismatic crystals in sum-
mer buds, significant higher number of crystals were found in female
leaf primordia of winter buds than in the male counterparts. This sig-
nificant higher level of calcium oxalate in female winter buds may
suggest differential resource allocation between sexes. Mature leaves
in both sexes of the species under study showed at least two different
types of lithocysts, classical calcium carbonate ones, and ‘reticulate’
lithocysts composed of silica, not previously reported in mulberry.
More studies are needed to elucidate the formation and significance

of silica lithocysts. Although no significant differences were found in
total oxalate between sexes, females of both species showed signifi-
cant higher levels of insoluble oxalate compared to males suggesting
differences in resource allocation and/or in defense against herbivory
between sexes.

LUNG DEVELOPMENT OF CHICKS UNDER NORMOXIC
AND HYPOXIC CONDITIONS. KNIERIEMAN L.", DANG L. ',
NGUYEN D', BURGGREN W.?, and MUIRHEAD D. ", 'North Gar-
land Maths, Science and Technology High School. Garland, Texas,
‘Biology Department, University of North Texas. Denton, Texas, *Cel-
lular Pathology department, Texas Scottish Rite Hospital for Chil-
dren, Dallas, Texas

The ultrastructural morphology of type I pneumocytes in lungs of
fetal Gallus domesticus (domestic chickens) were studied after being
incubated in normoxic (21% oxygen) and hypoxic (15% oxygen) con-
ditions. The fetal chicks used in this study were of the same gesta-
tional age. They were subdivided into three groups: group-1: normoxic
(control), group-2: day 6 to 12 under hypoxic and returned to normoxic,
group-3: hypoxic conditions.

Animals were sacrificed at day 21: lungs were removed, fixed and
processed for electron microscopy. Group-1 revealed ultrastructural
appearance characteristic of normal fetal lungs. However, group 2 and
group3 revealed features consistent with underdeveloped lungs, in-
cluding ultrastructural changes. An increase in the numbers of type 11
pneumocytes in groups 2 and 3 was noted. Lamellar bodies were in
various stages of development with loss of lamellar whorls. The
changes seen in group 3 were more severe. An interesting finding was
that of congested capillaries filled with red blood cells. This explained
the differences in the mass of the lungs observed in the groups 2 and 3
compared to the control group 1.

The above observations indicate that the fetal development of, type
11 pneumocytes and their lamellar bodies are effected by concentra-
tion of oxygen in the immediate environment. Changes seen in this
fetal chick model may represent the changes seen in human infants
with respiratory distress syndrome (RDS). These findings may pro-
vide a basis for the development of an animal model for the study of
this disease.

ULTRASTRUCTURAL EFFECT OF COPPER ON THE BRAIN
AND LIVER OF CARRASIUS AURATUS. ASHIMIL', RAMOLIA
S."AND MUIRHEAD D.",'North Garland Math’s, Science and Tech-
nology High School, Garland Texas. *Cellular Pathology Department,
Texas Scottish Rite Hospital for Children, Dallas, Texas.

Pollution of waterways, lakes and oceans with excess copper is a
major environmental problem. It is known that excess copper is toxic
to aquatic life and can result in death. The purpose of this study was to
document the effects of excess copper on the ultrastructure of the cen-
tral nervous system and liver of Carrasius auratus, the common gold-
fish.

This study was designed in two stages. Stage one involved the char-
acterization of normal ultrastructural features of the central nervous
system and liver of healthy goldfish. Stage two involved testing vari-
ous levels of copper required to induce abnormal ultrastructural
changes. It is hypothesized that copper at excess levels will cause ul-
trastructural changes in the brain tissue and the hepatocytes and Kupffer
cells of the liver.

Tissues were harvested and fixed in 2% glutaraldehyde using fil-
tered tank water as a buffer, processed according to standard electron
microscopy processing and embedded in Spurr’s resin. Sections of 1
(m were stained with toluidine blue and examined with light micros-
copy. From the same sections representative areas were selected,
ultrasectioned (60 nm) and stained with heavy metals, and then exam-
ined in a LEO 906E electron microscope.

Representative electron micrographs of the brain and liver of
Carrasiius auratus demonstrated normal ultrastructure. The features
of the normal ultrastructure will be used as the baseline, upon which
comparisons will be made when examining tissue samples from gold-
fish exposed to copper in stage 2.
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ULTRASTRUCTURAL CHANGES SEEN IN NICOTIANA
TABACUM INFECTED WITH TOBACCO MOSAIC VIRUS. K
GONZALES K', MALHI I, BORLAND J*, MUIRHEAD D.E..*'Gar-
land High School, Garland, Texas, *North Garland Math’s, Science
and Technology High School, Garland, Texas, * Austin Academy for
Excellence, Garland, Texas, * Cellular Pathology Department, Texas
Scottish Rite Hospital for Children, Dallas, Texas

Tobacco Mosaic Virus (TMV) is found worldwide and was first
described by Wendell Stanley in 1935. It was the first large macro-
molecule aggregate shown to be capable of self-assembly from its
component parts. This virus is a large rod in which a cylinder of protein
is arranged around a helical RNA core. The assembly process is unex-
pectedly complex and includes the formation of double rings of protein,
which serve as intermediates, adding to the growing virus coat.

Two plant types, Nicotiana tabacum glurk and Nicotiana tabacum turk,
were used to study the infection of TMV. The extent of viral infection, its
effects on cellular ultrastructure, and the effects of fertilizer on the spread
of the virus were compared. TMV caused local lesions in glurk and sys-
temic infections in turk. Plants were divided into three groups: group-1
systemically, group-2 locally and group-3 were fertilized, and inoculated.
All plants were examined by TEM using leal dip negative staining (LDNS)
and ultra-sections of biopsied samples of lesions from infected leaves.
LDNS viral particles were counted in the sap and rated on a scale of
scanty, mild, moderate, and abundant. All specimens were examined and
photographed on a LEO 906E electron microscope

TMYV produced three times as many lesions on locally infected plants
compared with systemically infected. The lesions were isolated to the
inoculated leaf in the first group and widespread in the second. Plants
with the greater number of lesions contained less viral particles in the sap.
Possibly, because in plants with a large number of lesions, viral particles
had already entered the cells and were not present in the sap. The fertil-
ized plants were larger in size and had more surface area for infection
explaining the larger number of TMV particles. Examination of thin sec-
tions of infected plant cells revealed aggregates of viral particles surround-
ing the nucleus and chloroplasts. The TMV particles appear to destroy the
nuclear envelope and the chloroplast double membrane.

THE EFFECTS OF DISTRACTION ON THE SARCOMERIC
LENGTH OF SKELETAL MUSCLE. 'BRANDON, J.' KIM C.,
'MAKAROV, M.2, SAMCHUKOV M., MUIRHEAD D.*, ! North Gar-
land Electron Microscope Department. North Garland Math, Science,
and Technology Magnet High School, Garland, Texas, * Department
of Research, Texas Scottish Rite Hospital for Children. Dallas Texas

Distraction is the process of femoral or tibial bone lengthening to
correct for limb length discrepancies due to congenital defects. An
osteotomy is used to cut the bone, an external Ilizarov frame is ap-
plied and the bone ends are gradually moved apart at an optimal rate
over time to result in a total lengthening of up to 30% of the entire
bone. Osteogenesis, the process of regeneration of bone tissue, occurs
as the bone is distracted, filling the gap between the bone ends. Sur-
rounding muscle must adapt to the distraction forces. Actin and myo-
sin are the major contractile proteins in muscle and form structures
known as sarcomeres. The purpose of this study was to examine the
effects of distraction on the length of the sarcomeres. It is hypoth-
esized that sarcomeres may increase in length to adapt to the distrac-
tion or more sarcomeres may be generated to acquire length in re-
sponse to distraction. Two methods were used to measure sarcomere
length: a neon laser technique and electron microscopy (EM) with
Soft Imaging System software (SIS). Measurements from both meth-
ods were generated and statistically analyzed. Due to the contractile
nature of muscle fibres, collection and processing of the tissue re-
quired optimization in order to maintain the ultrastructure of the sar-
comere. The two collection techniques used revealed an artifactual
discrepancy in the sarcomere length. The first method (removal of
muscle from the distracted site, consequent contraction and direct fixa-
tion in formalin) resulted in the average sarcomere length being 1.7
um. This was below expected values based on the neon laser calcula-
tion of 3.18-3.2 um. The second collection technique involved use of
custom muscle forcepts to maintain the length of muscle during fixa-
tion. This gave a normal sarcomeric pattern. Using the latter method
of collection, tissue was examined with both neon laser technique and
EM with SIS. Data were generated for normal muscle and distracted
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muscle, Average sarcomeric length in non-distracted muscle was 3.2
um. In comparison, the average sarcomere length in a distracted muscle
was 2.8 um. In conclusion, there was a 14% decrease in length of
sarcomere in distracted tissue suggesting that new sarcomeres are be-
ing generated rather than elongated to adapt to the distraction.

ULTRASTRUCTURAL THREE-DIMENSIONAL RECON-
STRUCTION OF MITOCHONDRIA FROM PIG LIVER. Joslin,
C',, Buttle, K., Muirhead, D.E., Mannella C.7, 'North Garland High
Electron Microscopy Unit, Garland, Texas, *Cellular Pathology De-
partment, Texas Scottish Rite Hospital for Children, Dallas, Texas.
Wadsworth Center, Resource for visualization of Biological Com-
plexity, Albany, New York

Mitochondria are known as the powerhouse for the cell, and are
thus responsible for the production of the cell energy. Cristae (foldings
of the inner membrane) within the mitochondria are the sites of the
Kreb’s cycle and oxidative phosphorylation, which are essential path-
ways for energy production. The purpose of this study was to con-
struct a three-dimensional image of the mitochondrion in order to es-
tablish whether mitochondria are multiple ultrastructural organelles
or a single organelle undulating throughout the cytoplasm of the cell.
Pig liver was prepared using standard methodology for tomography
fixation and EM processing. An example series of 150 serial
ultrasections were cut at 300 um. A second set of liver tissue was
prepared using 2% glutaraldehyde in cacodylate buffer, followed by a
refined processing schedule. A second example series of 250 serial
sections were generated from this tissue. Serial section reconstruction
and automated electron tomography with and without double-tilt re-
construction was used to generate three-dimensional imaging of the
mitochondria. Following these reconstructions, the computer program
Slicer Dicer was used to color-enhance the images. Serial section re-
construction and automated electron tomography (tissue processed
with standard fixation) yielded an inadequate level of detail. Serial
section reconstruction and automated electron tomography with
double-tilt reconstruction (tissue from the improved fixation and pro-
cessing schedule) resulted in a higher level of detail and thus an im-
proved three-dimensional image of the mitochondria. The video im-
aging of the three-dimensional reconstruction suggests that
mitochondria consist of a double membrane structure of which the
inner membrane appears to form cristae. However, further sectioning
would be required to capture the entire mitochondrial organelle. A
portion of this work was performed and supported by the electron to-
mography research at Resources for Visualization of Biological Com-
plexity, National Center for Research Resources, NIH Grant RRO1219.

NODULE FORMATION AND ULTRASTRUCTURAL
CHANGES OF THE ROOT CELLS OF ALFALFA PLANTS IN-
FILTRATED BY SINORHIZOBIUM MELILOTI BACTERIA.
Chen, R.', Dingrando, L., Gonzalez J.?, and Muirhead, D.E*' North
Garland Electron Microscope Department, North Garland Math, Sci-
ence, and Technology Magnet, Garland, Texas, *Faculty of Science,
University of Texas at Dallas, Richardson, Texas. *Cellular Pathology
Department, Texas Scottish Rite Hospital for Children, Dallas, Texas 75219

Nodule development in plants is thought to occur as a result of the
symbiotic interaction of bacteria with plants during nitrogen fixation.
The nitrogen fixation process begins in the soil, where plants are emit-
ting flavonoids. The flavonoids stimulate bacteria to produce chemi-
cals, which causes the plant’s root hairs to curl around the bacteria.
Bacteria enter the plant’s root cells but it is not known whether the
bacteria enter by phagocytosis or tunneling. Plants then emit nod fac-
tors, which induce nodule development. The purpose of this investi-
gation was to characterize the events leading to nodule formation and
related ultrastructural changes in the roots of alfalfa plants (Medicago
sativa) inoculated with Sinorhizobium melilotis.

Root samples were fixed in 2% Gluteraldehyde in caccodylate buffer
(pH 7), at 4°C for two hours followed by preparation for standard
electron microscopy. Alfalfa plants inoculated with the Sinorhizobium
meliloti grew nodules. Changes were observed in the ultrastructure of
the roots and root cells of inoculated plants. Root hairs were origi-
nally straight, but curled at the locations of bacterial infiltration. Nod-
ule growth increased and became more abundant as time progressed.
In the infiltrated root cells, bacteria were located at the perimeter of



the cells when infiltration began and continued to spread throughout
as the nodules matured. The ultrastructural organelles in the infiltrated
root cells were displaced. In the cytoplasm, each infiltrating bacte-
rium was membrane-bound, giving the appearance of a vacuole. Some
vacuoles contained more than one bacterial cell. From this study it
was found that an alfalfa plant exhibits nodular formation due to bac-
terial infiltration and consequently shows ultrastructural changes within
the cells of the nodules.

THE SEQUENCE OF DEVELOPMENT OF AND THE EF-
FECTS OF VARIED CONDITIONS ON PROPAGULE FORMA-
TION IN BRYOPHYLLUM DAIGREMONTIANUM. LARISSA C.
PARSLEY and ANN E. RUSHING, Department of Biology, William
Carey College, Hattiesburg, MS 39401 and Department of Biology,
Baylor University, Waco, TX 76798.

Bryophyllum diagremontianum (Hamet & Perrier) Berger is a suc-
culent plant native to tropical and temperate environments. Its regen-
erative abilities allow the plant to produce small plantlets (propagules)
on the margins of leaves for the purpose of vegetative reproduction.
These propagules develop shoots, leaves, and roots, allowing them to
grow independently from their parent plants. This study focuses on
the morphological sequence of development for these propagules while
on their parent plants (control plants) and for propagules under cer-
tain experimental conditions. In the control plants we found the gen-
eral order of organ initiation to be a swollen leaf notch which pro-
duced one pair of leaves, followed by a second pair perpendicular to
the first, root primordia. and a third pair of leaves perpendicular to the
second. This sequence did not change in the experimental leaves,
Propagules formed in leaves both attached to and detached from their
parent plants. However, detached leaves still attached to a section of
stem developed leaf notches but no propagules.

A CYTOLOGICALAND HISTOLOGICAL EXAMINATION OF
POST OAK (QUERCUS STELLATA) ROOT. Blake C. Boling and
Don W. Smith, Department of Biological Sciences, University of North
Texas, P.O. Box 305220 Denton, Texas 76203-5220

Ecologically and economically, Quercus stellata (post oak) is an
important member of the North American family of deciduous hard-
woods, yet its numbers are rapidly dwindling. The post oak fruit, the
acorn, is an indispensable hard mast. along with the pecans, chest-
nuts, beech nuts, and pine seeds. The chestnut blight fungus has deci-
mated native American chestnut and native chinquapin from our east-
ern forests. As a result, these food resources are no longer available to
foraging animals in many parts of the country. Remaining hard mast
producers such as the post oak need to be protected. Post oak wood is
no longer in demand. However, economically the tree is still very im-
portant. A single majestic post oak can add tens of thousands of dol-
lars to a property‘s value. Empirical data suggests that human en-
croachment upon the root system of post oak is one of the leading
causes of post oak death. We wish to start our investigation of post oak
death by examining the histology of its root tips. Furthermore, we
have augmented classic squash techniques in order to calculate the
mitotic index of post oak root tips. We will present an overview of
post oak root histology and discuss our improved squash technique.

IN VITRO CALLUS AND ROOT FORMATION FROM DI-
VERSE EXPLANTS OF COWPEA [VIGNA UNGUICULATA (L.)
WALP]. GEORGE OMWENGA AND DON W. SMITH, Department
of Biological Sciences. University of North Texas, P.O. Box 305220,
Denton. Texas 76203-5220

With slow progress being made in the development of varieties re-
sistant to insects and diseases of cowpea, a nutritionally important
crop in most African countries, genetic engineering combined with
tissue culture methods offers hope to improve resistance to attack.
Genes for transfer have been identified but we still lack a reproduc-
ible tissue culture regeneration system. Our aim was to find condi-
tions that stimulate regeneration from tissue culture in selected cow-
pea genotypes by working out combinations and amounts of
phytohormones. We evaluated (1) auxins (IAA. NAA, 2.4-D, Dicamba.
Picloram, 2,4,5-T, and IBA), (ii) cytokinins (BAP, Kinetin and Zeatin)
and (111) substituted urea derivatives (Thidiazuron and 4-CCPU), in
initiation media such as MS, B-5 and BM. Explants were cultured in

media plus phytohormone combinations either (1) continuously in the
same media, (ii) a shock treatment before being transferred to media
without hormone or (iii) stepwise decreased or increased phytohor-
mone levels. We induced callus, roots or roots and callus from leaf,
hypocotyl, and cotyledon sections. Root organogenesis occurred with
MS and NAA (1.0-2.0mg/l) and kinetin (0.02-0.1mg/l1). IBA (0.1-
0.2mg/1) and kinetin (0.1-0.2mg/1). When roots did not form callus
texture was mucoid to hard compact. Subculturing resulted either in
continuous proliferation of the callus or death. So far we have been
unable to prescribe phytohormone combinations that results in the
development of shoots from callus or explants. Successful regenera-
tion of cowpea plants from tissue culture would greatly enhance the
application of genetic engineering in cowpea and improve the quality
and quantity of production.

A STUDY OF CASTS FROM EPOXY EMBEDDED EGGSHELL
OF WHITE LEGHORN CHICKENS. Sandra L. Westmoreland,
Department of Biology and The Center for Electron Microscopy, Uni-
versity of Texas at Arlington, Arlington, Texas 76019

High-pressure epoxy casts of eggshell samples from eggs of White
Leghorn chickens were prepared to study the pore system, through
which gas exchange occurs during embryogenesis. In addition to the
details of pore structure that were revealed, an exceptional three-di-
mensional view of the interior of the mammillary cone, made possible
by plastic replicas, has provided a clearer picture of this important
eggshell region where nucleation for biomineralization occurs. Un-
fertilized eggs of Hy-line W98 White Leghorn chickens, obtained from
the Poultry Science Department of Texas A & M University, were
emptied and the shell was treated with Clorox bleach to remove the
organic shell cuticle and shell membranes. Small shell fragments were
placed in holders, covered in CIDA 506 resin epoxy with Polycon
hardener, and placed in a pressure vessel in a closed vacuum at 1,200
psi until set. Epoxy-embedded shell blocks were cut in half to expose
radial shell surfaces and were then placed in concentrated hydrochlo-
ric acid to dissolve the eggshell. Shell casts viewed on the JOEL 35C
scanning electron microscope were observed to contain a replica of
the upper shell surface, the mammillary cone region, and the pores.
The pores in the plastic casts were seen as solid columns of plastic
that were continuous connecting the upper and lower shell surface
replicas. The replica of the mammillary cone surface, when viewed
from the side, contained a wave-like pattern, which indicated the im-
pression of the spaces of the adjacent mammillary cone junctions.
When the mammillary cone casts were viewed from directly above,
replicas of individual mammillary cones could be seen. The basin-
like structures contained replicas of shell membranes, which were seen
in a woven, crisscrossing pattern. The shell membrane fibers were of
varying sizes in diameter. Some fibers were individual, while others
were in bundles. The cast of a single spherical body could be seen in
many of the mammillary cone replicas. These bodies are proposed to
be the mammillary cores, sites of shell nucleation and of calcium trans-
location during embryogenesis.
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AN SEM STUDY OF FROST RINGS IN A BRISTLECONE
PINE (PINUS LONGAEVA) FROM
SHEEP MOUNTAIN, CALIFORNIA

HOWARD ARNOTT AND CHRISTINE HALLMAN

Department of Biology and Center for Electron Microscopy,
The University of Texas at Arlington, 76019 and
The Laboratory for Tree-Ring Research, University of Arizona, Tucson, Arizona, 85721s

In the woody stems of many plant species annual rings occasionally exhibit growth abnormalities termed “frost rings.”
Recent frost ring studies have been concerned with “frost ring chronologies™ in an attempt to relate frost rings with major
physical events (volcanic eruptions) that affect climate (LaMarche and Hirschboeck, 1984). Investigation of the anatomy of
frost rings for the sake of understanding plant structure and development has been rare. However, studies in the early part of
the 20th century utilized standard plant anatomy techniques: sections cut with a microtome, staining with dyes, careful light
microscopic observation and the making of photomicrographs. These investigations were made in an attempt to understand
both the timing and the cellular changes associated with the formation of frost rings. Rhoads (1923) Bailey (1925), Glock
(1951) are examples of anatomical studies which illuminated the frost ring structure and development. However, to this time
the SEM has not been widely applied to the study of frost rings. In the year 2000, one of us (CH) produced a core from a tree
on Sheep Mountain, White Mts., Inyo National Forest, California. This core (from LTRR 2002-268) presented an opportu-
nity to study both normal and frost rings using the SEM. Prior to making specimens for examination in the SEM, the core was
carefully inspected and frost rings as seen in the dissecting microscope were noted. Subsequently, the cores were scanned
using a HP ScanJet 4200 at 1200dpi. The scans were made to insure that after the core was dissected for SEM preparations,
the position and structure of all rings could be monitored by using the scans. For use in the SEM, the core segments were
sectioned by hand, attached to aluminum stubs, sputter coated, and then studied in a JEOL 35C SEM with a VitalScan
digitizing unit; all SEM images are digital. The core had annual rings beginning in 1925, the innermost frost ring occurred in
1928. Subsequent frost rings were found in 1941(Fig. 5), 1952 (Fig. 4), 1964, 1965 (Fig. 3), and 1978. When all rings from
1925 to 2000 were examined in the SEM, only six frost rings were found. The remaining 69 annual rings exhibited normal
structure similar to the 1977 ring (Fig. 1). In normal annual rings the rows of tracheids extend from the late wood into the
following spring wood in a straight line, each row having been initiated by successive tangential divisions in a single fusi-
form cambial cell. In normal rings rays also follow straight through from one growth ring to the next, as they are derived by
successive divisions of a single ray initial cell. Over a limited space, one to four growth rings, the same number of tracheid-
rows pass from one ring to the next (Fig. 1). Observation of the frost rings shows a quite different pattern of differentiation.
The number of tracheid-rows may be different, the rows are usually “tilted” to one side, sometimes by more than 20 degrees
from radial, and often very large cells with especially thick cell walls are found in trost rings (Figs. 2-5). When the frost ring
is “mild” it is possible to follow the tracheid-rows through the frost area and into the next annual ring where they are
displaced in which ever way the tracheid-rows are tilted. The way in which this frost rings occur has often been attributed to
the freezing of water in one or more cell compartments of the vascular cambial area. Whatever the specific cause of frost
rings, centrifugal growth always returns to normal as new tracheids and rays are produced by the “reestablished” vascular
cambium.

Refrences:
LaMarch, V.C., Jr. and Hirschboeck, K.K. 1984. Nature, 307: 121-126.

Bailey, I W. 1925. Botanical Gazette, 80:95-101.
Rhoads, A. 5§.1923. U.S. Dept. Agric., Department Bulletin No. 1131.
Glock, W. S. 1951. Ecology, 32:28-36.
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found in frost rings: crushed and enlarged cells, thick cell walls, diverted tracheid files and enlarged rays. Figure 3. Montage
showing many aberrations in the 1965 frost ring. Figure 4. A montage of the 1952 frost ring showing limited aberrations
characteristic of a “mild frost ring.” Note that the tracheid files are all “pushed” toward the right at an angle of about 20
degrees but that they can be followed through the ring interface. Figure 5. A montage of the 1941 frost ring, which exhibits
an opposing divergence on the right verses that seen on the left. Note the expanded ray, with three large thick-walled cells,
near the middle of the figure.
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MATERIALS SCIENCES
FALL 2002

INTERNAL MORPHOLOGY AND SURFACE AREA OF NATU-
RAL MANGANESE OXIDES. JOE B. DIXON, G. NORMAN
WHITE, ZHIPING LUO, J.S. JACOB, and J. G. KIM. Soil and Crop
Sciences Department, Texas A&M University, College Station, TX
2474,

Manganese oxides are known to be important oxidizing agents be-
cause they contribute to the oxidation of Cr(III) to Cr(VI) and to the
polymerization of organic compounds in soils. The characterization
of these minerals is difficult because of their scarcity and their poorly
defined morphological properties. Indeed the detailed morphological
properties of the most common of Mn oxides in soils, birnessite have
not been described. The combination of high magnification transmis-
sion electron microscopy and digitized images offers some insight in
how to better investigate these Mn oxides. Mn oxide crystals tend to
be small and less perfect compared to layer silicates of the same size.
Inconsistencies of tunnel sizes in todorokite have been known for many
years. The internal fabric of todorokite, birnessite, and lithiophorite
particles in model natural samples is surprisingly porous as indicated
by high surface area and internal openness shown by high magnifica-
tion transmission electron micrographs. Manganese oxides observed
thus far lack the crystal faces (e.g. ~5 nm in length) evident in sub-
micron crystals of goethite. Although the data set for Mn oxides crys-

tals is relatively small it seems clear from direct electron microscopic
evidence and indirectly from x-ray diffraction and surface area data
that Mn oxide crystals in soils owe part of their reactivity to their large
exposed surface area that is both internal and external. Twelve speci-
mens representing todorokite, birnessite, and lithiophorite from soils
indicate a range of crystallinity indicated by electron diffraction spot
versus ring patterns. Internal heterogeneity of the particles indicated
by varied density in electron micrographs (except for one lithiophorite
specimen) indicates folds, contortions and turbostratic stacking of lay-
ers contribute to internal porosity of these oxides. Birnessite is the
least crystalline of the three oxides investigated.

EDUCATION
FALL 2002

AN INTERDISCIPLINARY INQUIRY LABORATORY ON
CALCIUM BIOMINERALIZATION IN PLANTS. CAMELIA G.-
A. MAIER and HOWARD J. ARNOTT, Department of Biology, Texas
Woman’s University, Denton, TX 76204, and Department of Biology
and Center for Electron Microscopy, University of Texas at Arlington,
Arlington, TX 76019

This educational paper was presented as a poster for the Fall 2002
meeting. Abstract and more details on page 51.

Answer to “What Is It#2”

from Texas Journal of Microscopy 33:1

This TEM by John J. Bang, Environmental
Science and Engineering (ESE) Ph.D. program
in the Department of Metallurgical and Materials
Engineering. University of Texas at El Paso,
represents graphitic material or graphite with a
very unique and well-defined layered
morphology (arrow). The specimen in the picture
was collected one foot above the ground level
and five feet away from a heavy traffic
intersection in El Paso, Texas, during one morning
rush hour in 2001. The raw sample collected on
a 3-mm carbon/formvar coated Ni grid was
examined by TEM within an hour afterwards.

Car brake shoes and pads use large amount of
graphitic material. In addition to its impacts on
human health in chronic exposure scenario,
graphitic material has a potential to serve as a
major vehicle for other catalytic reactions in the
air due to its high surface area to volume ratio
per unit mass. Particle number count or mass of
collected material has been used as a feature to
correlate any group of particle/material with its

impact on human health. Nowadays, the surface area to volume ratio feature is believed to be a better predictor for the level
of detrimental impact on human health than particle number count or mass.

Carbonaceous/graphitic material by itself is inert in terms of chemical reaction. However, exposure to high concentrations
of this material even for a period shorter than one year has been known to cause respiratory illness, both obstructive (chronic
bronchitis, emphysema) and restrictive types as well in people with various occupations. Chronic exposure to the material,
even at lower concentrations, raises public health concern especially because human activities generating carbonaceous
material have been increased lately (nanotechnologies using graphitic material, for example). Further follow-up studies are
needed for source identification and characterization of any chemical reactions facilitated on the graphitic material surfaces.
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accompanying illustration, if required for clarity. Helpful Hints
should embody techniques which will improve or expedite pro-
cesses and/or procedures used in EM.

PUBLICATION PRIVILEGES

The right to publish Abstracts in the TEXAS JOURNAL OF
MICROSCOPY is restricted to TSM members or to those whose
membership is pending. A membership application form can usu-
ally be found in each issue of the TEXAS JOURNAL OF MI-
CROSCOPY. Membership dues are as follows: student $10.00;
regular members $30.00; Corporate members $300.00. Research
articles are accepted from both members and non-members, Indi-
viduals who belong to TSM by virtue of a corporate membership
are invited to participate in Journal submissions as are our regular
or student members. However, papers of a commercial nature, ei-
ther stated or implied, will not be accepted for publication as a
Research Report or Techniques Paper. Such papers may be accept-
able as advertising copy.

Joh Opportunity

MIDWESTERN STATE UNIVERSITY

The Biology Department invites applications for a nine-month tenure-track faculty position in cell
biology, to begin August 2003. A Ph.D. in cell biology or a related subject and postdoctoral expe-
rience are required. Favorable consideration will be given to candidates with demonstrated ability
to maintain and to assist faculty and students in the use of scanning and transmission electron
microscopes. Evidence of the ability to balance quality teaching with research should be empha-
sized. The successful candidate is expected to teach graduate and undergraduate courses in biol-
ogy, develop and teach courses in cell biology and guide graduate thesis research. Go to http://
personnel.mwsu.edu or e-mail william.cook@mwsu.edu for application information. Affirmative
action/equal employment opportunity/Title IX institution.
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Letters to the Editor

MSA Technologists’ Forum

The Technologists’ Forum is a special interest group
that provides a channel for personal growth and devel-
opment of technologists within MSA. The Forum orga-
nizes a special topic presentation, a symposium, a
roundtable discussion and an exhibit booth at the an-
nual Microscopy and Microanalysis meeting. The ses-
sions are presented so as to maximize the technical in-
formation useful to today’s lab worker. A semiannual
newsletter, published electronically by the Forum, in-
creases contact among its members and expands their
participation in and contributions to MSA. The Forum
also sponsors the Professional Technical Staff Awards,
which is a competitive program to encourage participa-
tion of technologists at the annual meeting (see below
for details). Any MSA member is welcome to belong to
the Technologists’ Forum for free and contribute to its
activities. For more information, please contact Tech-
nologists’ Forum Chair Jeanette Killius at 330/325-6311,
by e-mail at jkillius@neoucom.edu, or visit the Tech
Forum web pages through the MSA web site at
WWW.MmSsa.microscopy.com.

MSA Professional Technical Staff Awards

The Professional Technical Staff Awards (PTSA)
were created to stimulate attendance at the Annual
Meeting of MSA for professional technical staff who
ordinarily might not participate in a national meeting,
and to encourage supervisors to support their staff in
professional activities. There will be up to four awards
given, based on the quality of a first-authored paper sub-
mitted for presentation at the meeting. The awards con-
sist of free full registration for the meeting, a copy of
the Proceedings and the Sunday evening social event.
MSA will reimburse awardees up to $600 for travel,
lodging and other expenses. Applicants must be full
paid-up members of MSA at the time of application.
Abstracts will be judged by the MSA Technologists’
Forum. Successful applicants must present their papers
personally at Microscopy and Microanalysis 2002 in
order to receive the award. They are expected to attend
and participate in the entire meeting. Former winners
will not be eligible for another award. Complete infor-
mation about the application process, including appli-
cation deadlines, will be available in the Registration
Bulletin and Call for Papers tor Microscopy and Mi-
croanalysis 2003, which will be sent to MSA members
in November 2002. For further information, contact the
Chair of the Technologists’ Forum: Ms. Jeanette Killius,
at 330/325-6311 or by e-mail at jkillius @ neoucom.edu.

Jeanette Killius
Technologists’ Forum Chair
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OUR STUDENTS

TEM by Ted J. Whitworth, at the University of Texas Medical Branch in Galveston, of a 70-nm section through an immature tick
(Aponomma hyrdrosauri) egg. The electron dense material beneath the egg surface is the vitellin envelope. Arrows are pointing to two
Rickettsia honei bacteria, a spotted fever group rickettsia. The tick specimen was collected from an Australian blue-tongued lizard on
Flinders Island, Australia. The presence of rickettsia inside the immature tick egg suggests the possibility that R. honei can be transovarially
transmitted, from mother tick to its progeny. Furthermore, no other reptilian tick has ever been shown to be a host of a rickettsial species.
Ticks were dissected in a drop of fixative, and tissues such as salivary glands, midguts, malpighian tubules, and ovaries were then fixed
for two days in Ito’s fixative. The picture was taken with a Phillips 201 electron microscope at 60 kV and the scale bar represents lum.
Ted’s mentor is Dr. David H. Walker, Professor and Chairman, Department of Pathology at the above university.

Detector = SE1

EHT = 5.00 kV Date :9 Apr 2002

This SEM represents a young anther from a bud of turnip plant, Brassica rapa (Cruciferae). The anther is a pollen-containing organ made
up of two bags with pollen grains. The anther together with its connecting stalk or filament makes up the stamen, which is the male
reproductive organ in flowering plants. All the stamens in a flower are disposed as a whorl called the androecium. Brassica rapa plants
have six stamens which are tetradynamous, that is, four of them have long filaments, while the other two have short filaments fixing their
anthers onto the floral receptacle. The second anther in the micrograph exposes a short filament and some pollen grains. Photographed
with LEO VP 435 SEM by Onur Dundar, graduate student at the University of Texas-Pan American, Edinburg, Texas. Onur works
with Dr. Anxiu Kuang in the Department of Biology at the above university.
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Educational Tips

AN INTERDISCIPLINARY INQUIRY LABORATORY ON
CALCIUM BIOMINERALIZATION IN PLANTS

Camelia G.-A. Maier and Howard J. Arnott

Department of Biology, Texas Woman'’s University, Denton, TX 76204, and Department of Biology and Center
for Electron Microscopy, University of Texas at Arlington, Arlington, TX 76019

Abstract

Few plant biology laboratory manuals mention the presence of calcium crystals and none of them offer structured laboratory activities to
study calcium deposits in detail. We have developed a three-hour interdisciplinary laboratory during which students learn to develop a
strategy for studying the localization, morphology, and elemental composition of calcium deposits in plants. They also learn basic
microscopic techniques, digital photography for recording experimental results, and the integration of plant anatomy and physiolog
with chemistry and physics. The activities proposed require use of and coordination between a plant biology laboratory and an electron
microscopy facility. The rapid and efficient method of isolation described uses common laboratory equipment. Few alternative method-
ologies, such as: light and polarization microscopy, SEM, Energy Disperse X-ray Analysis (EDX), histochemical detection in situ and
chemical staining of isolated calcium deposits are suggested in determining the structure and the chemical compositions of the deposits.
Students are asked to take pictures and write a detailed laboratory report. These activities encourage students to adopt interdisciplinary
and team approaches, useful in their future activities in the plant biology and other laboratories.

Introduction
Biomineralization is widespread among microorganisms, plants
and animals. Common plant minerals are calcium oxalate, calcium
carbonate and silicon dioxide. Calcium oxalate is the most abun-
dant and widespread mineral deposit found in over 240 gymno-
sperm and angiosperm families. Calcium carbonate is common in
a limited number of flowering plants, while silicon dioxide is com-
mon in grasses and a limited number of other plant families (Arnott
and Pautard, 1970). Calcium oxalate and calcium carbonate de-
posits form within the vacuoles of specialized cells called crystal
idioblasts, which thus play an important role in the calcium me-
tabolism of plants. The diversity of mineral deposit shapes and
sizes, their tissue distribution and prevalence have led to a number of
hypotheses regarding their functions in plants, such as: calcium sink,
calcium detoxification, plant defense. light gathering and reflection,
tissue support, etc. (Franceschi and Horer, 1980; Franceschi, 1989;
Bradbury and Nixon, 1998; Webb, 1999; Nakata and McConn, 2000).
Although biomineralization in plants and fungi have been known
and studied for so long, little is known about the formation of crys-
tals and other deposits. Therefore, the need for improving our un-
derstanding for such an important biological process should be re-
emphasized. Despite the prevalence and biological significance of
calcium biomineralization in plants, only a few plant biology labo-
ratory manuals mention the presence of calcium crystals and none
of them offer structured laboratory activities to study calcium depos-
its in detail. We have developed a three-hour interdisciplinary labo-
ratory during which students isolate, study the morphology and de-
termine the chemical composition of calcium deposits in leaves.
Students are asked to develop their own strategy for studying
biomineralization in their choice of plants. They also learn digital
photography for recording experimental results, and come in con-
tact with the integration of plant anatomy and physiology with

Correspondence: cmaier@twu.edu; arnott@uta.edu

chemistry and physics. Basic chemistry, physics, and microscopy
concepts, as well as the calcium cycle in plants, oxalate metabo-
lism, and the ecophysiological significance of biomineralization
in plants can be discussed with students during the suggested ex-
periments. These activities designed to around a study of calcium
biomineralization in plants, and to encourage students to adopt
interdisciplinary and team approaches, useful in their future ac-
tivities in the plant biology and other laboratories. By employing
plant species in which biomineralization has not previously been
(carefully) studied, students have the opportunity to discover new
information. Furthermore they may continue their study as under-
graduate research participants, and later they may even publish
their findings, enhancing our knowledge of biomineralization in
plants.

Plant Material and Equipment
The following list of plants known to contain mineral deposits is
proposed for this laboratory. Leaves are used in general for the
proposed plant species, but other organs can be employed, such as
germinated seeds for bean, for example. In addition, students should
be encouraged to study their own choice of experimental plants
and plant organs.

Bean, Phaseolus vuilgaris

Pecan, Carya illinoiensis

Begonia, Begonia sp.

Persimmon, Diospyros sp.

Ginkgo, Ginkgo biloba

Redbud, Cercis canadensis

Grape, Vitis mustangensis or V. vinifera

Rose, Rosa sp.

Mulberry, Morus sp.

Water Hyacinth, Eichhornia crasipes

Okra, Hibiscus esculentus
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For the isolation of the mineral deposits, the following equip-
ment and chemicals are necessary: blenders, glass beakers, cheese
cloth, ethanol, watch glasses or micro spot plates (Fisher Scien-

tific, catalog no. 21-379), stereoscopes, Pasteur pipettes with bulbs,

and glass vials with caps. SEM analysis requires stubs, preferably
carbon ones if EDAX is attempted. For light microscopy of fresh
plant material, the basic microscopy materials and equipment is
necessary: microscopes, razor blades, slides and cover slips, wa-
ter, pipettes. Microscopes equipped with crossed polarizers and
digital cameras are necessary for the students to be able to perform
polarizing light microscopy and take pictures for their reports. The
following staining techniques can be used with both fresh plant
material and isolated mineral deposits for histochemical analyses:
silver nitrate (Sugimura et al., 1999), periodic acid — Schiff’s (PAS)
(Sigma Procedure No. 395, catalog no. 395-B), potassium iodine,
toluidine blue, ctc.

Laboratory Setting and Activities

Working teams are composed of 2-4 students. Although the same
plant species can be used for all teams, students are encouraged to
bring their choice of plant species to compare results. A typical
schedule of the laboratory activities is as follows:

1) Students start by examining the fresh plant material under the
light microscope for the presence, tissue location, and mor-
phology of the mineral deposits (15 minutes).

2) They will then continue their study by following the protocol
for the isolation of mineral deposits (30-45 min). The rapid
and efficient method described for this step is described in
detail in Fig. 1B.

3) After isolating calcium deposits, students may choose activi-
ties appropriate to their laboratory circumstances (see Sug-
gested Activities diagram in Fig. 1A) in order to determine
the structure and chemical composition of the deposits. They
can use a few alternative methodologies, such as: light and
polarization microscopy of leaf mounts and/or isolated de-
posits, SEM, (EDX) and backscattered electron imaging of
isolated deposits. The later methods require use of and coor-
dination between a plant biology laboratory and an electron
microscopy facility. Histochemical detection in siti and chemi-
cal staining of isolated calcium deposits can be attempted as
well.

4) Students are asked to take light microscopy and SEM pictures
and write a detailed laboratory report.

In general, most groups will carry out polarization microscopy,
while only a few may perform SEM, and EDAX of isolated depos-
its in approximately 2-h time period. Histochemical detection in situ
takes more than one lab period, therefore it can either be performed
over two lab periods, be suggested for a final course project, or as a
continuation of the lab as undergraduate research by some students.
Histochemical detection of calcium carbonate deposits in green leaves
with silver nitrate should be performed only after the leaves are cleared
(NMarslan er al., 1997). Leaf primordia in closed buds do not need clear-
ing since they do not contain large amounts of chlorophyll.

An example of light microscopy of fresh sections of water hya-
cinth leaf is shown on the cover (middle picture). A raphide is
visible under crossed polarizers in the aerenchyma. Also on the
cover are a section through Ginkgo leaf (top picture) showing a
file of small druses as well as larger ones, and isolated raphides
from water hyacinth (bottom picture) under crossed polarizers.
Examples of isolated deposits under SEM are provided in Fig. 2.
A calcium map showing the disposition of calcium in isolated
raphides from grapevine leaves and an EDAX spectrum are shown
in Fig. 3.
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This laboratory should be of much interest and utility to instruc-
tors ranging from high-school to college levels, who are looking
for a way to interest students in plant anatomy and cell biology.
Participation in this laboratory should be of special interest to many
instructors, since most have not had a personal opportunity to iso-
late and study plant mineral deposits.

Literature Cited

Arnott, HJ and Pautard FGE (1970) Calcification in plants. /n H
Schraer, ed., Biological Calcification: Cellular and Molecular
Aspects. Appleton-Century-Crofts, New York, pp. 375-446

Bradbury JH, Nixon RW (1998) The acridity of raphides from the
edible aroids. J. Sci. Food Agric. 76: 608-616

Franceschi VR (1989) Calcium oxalate formation is a rapid and re-
versible process in Lemna minor L. Protoplasma 148:130-137

Franceschi VR, Horner HT JIr. (1980) Calcium oxalate crystals in
plants. Bot. Rev. 46: 361-427

HNarslan H, Palmer RG, Imsande J, Horner HT (1997) Quantitative
determination of calcium oxalale and oxalate in developing
seeds of soybean (Leguminosae). Am. J. Bot.: 1042-1046

Nakata PA, McConn MM (2000) Isolation of Medicago truncatula
mutants defective in calcium oxalate crystal formation. Plant
Physiol. 124: 1097-1104

Sugimura Y, Mori T, Nitta I, Kotani E, Furusawa T, Tatsumi M,
Kusakari S-1, Wada M, Morita Y (1999) Calcium deposition
in idioblasts of mulberry leaves. Ann. Bot. 83: 543-550

Webb MA (1999) Cell-mediated crystallization of calcium oxalate
in plants. Plant Cell 11: 751-761

Webb MA, Cavaletto JM, Carpita NC, Lopez LE, Arnott HJ (1995)
The intravacuolar organic matrix associated with calcium ox-
alate crystals in leaves of Vitis. Plant J. 7: 633-648

Figure 1 — Suggested activities for a 3-h laboratory and other studies
on plant biomineralization (A) and detailed protocol for the isola-
tion of plant mineral depositions (B).



Suggested Activities

Leaf sections | | Isolated depositions

.ff | \ / // N

Leaf clearing | Staining techniquES// Fa I)e)-Tflfnﬁerallzatmn

& / / / ,/ il ff/
/" sEM
f nght IHiCFOSC{)py [v,;;-;"’ {Conventional secondary

(bright field) / clectron ““.“\g'"g)
: ;
¥
v / / \
¥ rd -
Polarization microscopy EDX Backscattered

electron imaging

Protocol for Isolation of Mineral Depositions from Plant Tissues

For the purpose of this lab, we adopted the method described in Webb et al., 1995 for the isolation of mineral depositions in
leaf tissue. In short, after being washed and blotted dry, 20-40 leaves are extracted in 250-300 ml absolute ethanol by grinding
them in a blender for approximately 5 minutes. The extract are strained through 8 layers of cheesecloth in a glass beaker and the
cluster of isolated mineral depositions is located in the sediment at the bottom of the beaker by gently swirling the content of the

beaker.

- Leaf extract in ethanol
Sediment of heavier leaf pieces at the bottom of the beaker

p—

Distinct cluster of white crystals
most times off center

G =

@ .

“Cleaning” of isolated mineral depositions can be done in a watch glass, but better off in a micro spot plate under a stereo-
scope by repeatedly washing a small sample of mineral depositions with ethanol. The washing procedure by sucking-releasing
the ethanol with a Pasteur pipette separates the mineral depositions from tissue and cell debris.

Place the pipette tip close to the edge and release ethanol
to swirl the content around in order to pick up debris,
which will float

Tissue debris

In resting position

The cleaned crystals can then be taken into a glass vial with cap for storage and/or further cleaning and analyses.
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Figure 2 - Examples of isolated crystals and depositions under SEM. Grape and water hyacinth contain raphides, crystals in bundles of
several hundred per cell, thought to function in defense against herbivory (Bradbury and Nixon, 1998). Bean, persimmon, and redbud
contain mostly prismatic crystals of calcium oxalate. Okra, rose, redbud, and begonia contain druses of calcium oxalate. Rose also
exhibits spherical depositions.
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Figure 3 - SEM image (conventional secondary electron imaging) of isolated raphides in grape (Vitis mustangensis) (A) and elemental
dot map for calcium (B). Calcium can also be detected by using EDAX (C).

54 Tex.J. Micros. 33:1, 2002



www.soft-imaging.com

KeenView = Application
Optimized TEM camera solution for both materials
sciences and bio-medicine

KeenView = Facts

Unsurpassed read-out frame rate. High spatial resolution.
Peltier-cooling. Fiber-optic coupling. 12 bit. High sensitivity.
Various exposure times. Real-time functions.

KeenView = Specs

= Chip type 1392 x 1040 pixel

® Pixel size effective: 23.5 x 23.5 ym’

B Binning 2x, 4x, 8x

B Frame rate 10 fps @ standard resolution,
20 fps @ 2x binning

® Dynamic range 4096 gray values

8 Exposure time 100 pus - 160 s

B Chip temperature 10 °C

5 |nterface FireWire™

B Connection Fiber-optic (taper)

KeenView = Access to
Archiving. Processing. Analyzing. Reporting.
Integrated into analySIS®.

Cantega™ = Option
If you need even higher resolution, ask us about the
new, affordable Cantega™ camera.

KeenView » Cantega™ = More? North America

Visit us at www.soft-imaging.com  (888) Find sis
+1(303) 2349270

Asia/Pacific
+60(12) 2833231

Europe
+49 (251) 798000

Digital Solutions for Imaging and Microscopy

Soft Imaging System SIS




gl Yol . S
Spring 2001 meeting in Houston. Howard J. Arnott
(in the middle) with Jean, his wife and Scott
Russell, President of the Botanical Society of

America, invited speaker at the time.
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April 2002 TSM meeting in Fort Worth. Jo Taylor (bottom row),
Bob Droleskey (upper row, left), Alice Stacey, Pam Neill, Becky
Holdford, Ann Rushing, and Robbie Roberson, invited speaker from
Arizona State University, in downtown Fort Worth.

Banquet picture at
TSM meeting in
Forth Worth, spring
2002. Ann Rushing
and Sam Ho, Baylor
% University, to the
right and Rumpa
and Monica Ghosh,
wife and daughter of
| Nabarun Ghosh,
| TSM Treasurer, to
the left.

Executive Meeting at April 2002 TSM meeting in Fort Worth. From left —
Camelia Maier, Journal Editor; Don Smith, Past President; and Mike
Crowley, Corporate Member Representative.
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Arlington, Texas 76019
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Table Top Turbomolecular
Sputter/Etch System

Desk 11 TSC System offers manual o
automatic operation and includes a
mechanical pump, turbomolecular
pump for ultra-high 107" vacuum, and
starter target for Pt coating. Ready to
operate in minutes, the system provides
ultra-thin, fine-grained, continuous

Bench Top Turbo System
Bench Top Turbo System is a compact,
turbo-pumped high vacuum 107 tor
evaporator for carbon or metal evapora
tion and general TEM/SEM sample prep.
A large 107 diameter x 127 high Pyrex
bell jar and stainless steel base plate
with eight available feed-throughs
enhance flexibility of the system by

Table Top Cold SButler/Etch System

Desk 1 System ofiers manual or automatic

operation and includes a mex hanical pump

and starter target for Aw/Au Pd coating and
routine preparation of SEM specimens

-t is available in three models to accom-

modate waiers up to 8.0" diameter,
provides a uniform, conductive, fine-grained
100A coating in less than 5 minutes from

yamp down through venting and utilizes an
| 5

permitting installation of multiple
etch mode to clean nondelicate, contami-

films and sputters Aw/AuPd, Cr, and

Pt materials

evaporation accessories, specimen
holders, and substrate handling fixtures.

Denton Vacuu

The Missing Piece in Your

EM Samp!% Prep Process

|

e

Evaporation

o)

1254 North Church Street
Moorestown, NJ 08057
Tel: (8561 439-91(0) & FAX: (856)

Web site

DENTON VACUUM

E-mail; intn@rdentonvacuum.com
WIWW llf‘l?'l Nvacuum.com

SEM

nated specimens prior to coating

i
13

- 0

DV-401 ‘7C:-l;h(m Coaster

The DV-401 is a table top, dedicated
carbon coater tor SEM sample
preparation. The system features
pulsed or constant evaporation
muodes for both carbon rods and
carbon varn. A 60 E|)m rolary
pump is i luded in the system
cabinet. Cycle times, including
pumpdown, coating, and venting,

of less than six minutes are typical

New
Explorer 14
Evaporation/
Sputtering
System
Aftordable
new Explorer
14 System is
specifically
designed and
engineered to
provide a high vacuum
environment lor microscopy
sample prep as well as small lol
production or R&D requirements.
Sleek, sophisticated styling
includes an integrated touch
screen control panel that allows
state-of-the-art automation of

all process and control functions.
A choice of thermal or e-beam
t'\'.l])()r.\llnll Pad i\.\gi(-‘s and various
size SS chambers or glass bell jars
are available along with RF or

DC magnetron sputtering, High
purity, ultra thin chromium films
can routinely be generated for high
resolution microscopy. ( werall
system design and component
lavout also make the system easy
to maintain and upgrade.




Processing Solutions
for Specimen Preparation.

> Improved imaging for highest magnification FESEM
P Base pressure of 10-7 without LN2 trapping

Plasma Cleaner

" Removes hydrocarbons without damaging specimen < : m SR T S
Intuitive front panel controls < P ; : TS ) E

, O ) &=
Large chamber accommodates samples < |\ JUSS " 0 | &) ﬁq ®

up to 3" tall and 6" diameter | W8 W PLASMA CLEANER

GENTLE mjLy . '. i ¥ 1

' Gentle Mill™ Low Energy
lon Polisher
> Eliminates damage caused by FIB milling
| P Patented low energy ion source - 100eV to 2keV
| P High thinning rates even at low energy
P Vacuum load-lock system for quick sample exchange

SOUTH BAY. TECHNOLOGY, INIC;

1120 Via Callejon | San Clemente, CA 92673 | U.S.A. | 949-492-2600 | Fax: 949-492-1499
Toll Free: 800-728-2233 | email: info@southbaytech.com | www.southbaytech.com
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