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The protozoan parasite Giardia, an intestinal flagellate, has

evolved an unique attachment organelle called the ventral adhesive
disk (VAD). This attachment organelle mediates attachment of the
trophozbite to the microviUous border (MVB) of intestinal absorp-
tive cells, and production of lesions via attachment are thought to
lead to diarrheal disorder characteristic of giardiasis [ 1]. The VAD
has contractile proteins arranged around it's circumference and it
has been suggested that contraction of this area might function like
a purse-string suture. The resemblance of the VAD to a suction
cup has led to the hypothesis that suction or a negative pressure
produced under the VAD by a grasping action might produce the
adhesive force regulating attachment. To test whether or not the

Figure I. SEM of polystyrene substratum showing pattern of adhesion
ofG. lamblia trophozoites. Attachment oft.rophozoites occurs in greater
number on flat topographical surfface than.on arrays of microfabricated
pillars. Magnification bar, 100 fim.

Figure 2. SEM of individual G. lamblia traphazoiie adhering to lop
surface of pillars. Observe interaction of VLF (arrowheads) fusing with the
Kips of pillars. Interpillar spacing is 2 fun, which prevents the VAD from
reaching the surface and generating-a negative pressure under the VAD.
Magnification bar, 5 fait.

generation of a negative pressure is necessary for attachment, ex-
periments were designed in which the substratum was fabricated
to have an uneven surface, or the substratum was composed of
different arrangement of pores. In both cases negative pressure
cannot be generated since the entire VAD cannot interact with the
substratum due to its uneven or porous surface:

Recently we have reported the use of a model utilizing micro-
fabrication of a substrate containing closely-spaced pillars (2). hi
real-time interference reflexion video microscopy, the ventrolateral
flange, a cytoplasmic rim located around the periphery of the VAD,
has been observed to form transient interactions with the substra-
tum that dynamically change from focal to close contacts in seconds
or less. To test the hypothesis that the VLF may mediate attachment
separate from the VAD, altered topographical substrates consisting
of arrays of columnar pillars were created through photolithography
and micromolding of polystyrene in a polysilicone mold [3]. Giardia
lamblia were grown overnight at 37°C, and cells washed in Hank's
balanced saline before incubation of trophozoites for 5 minutes at
37°C to allow attachment to polystyrene chips containing arrays of
columnar pillars. Distance (edge-edge separation) between arrays
of pillars (1 urn high, 2 um wide) ranged from 1 to 5 (im, a distance
that would enable the pillar columns to prevent direct attachment of
theVAD(~5|jm diameter) to the substratum. Cells were aldehyde
fixed, postfixed in osmium, and critical point dried. Attachment of
trophozoites to polystyrene substrates was evaluated using a Hitachi
S-4700 field emission SEM operated at 2 keV

Figure 3. SEM of polystyrene substratum showing attachment ofG.
lamblia trophozoites via the VAD to the topographically flat surface (arrow)
and adhesion of a trophozoite to the tops of the pillar array (arrowhead). Tlie
pillar array has a spacing of 2.S /.imoF compared to the 5 pm diameter of the
VAD and thus prevents direct interaction ofthe-VADwith the substratum.
Adhesion is mediated by fusion of the ventrotatera! flange with the tops of
the pillars.. Magnification bar, 4\.\m,

Giardia trophozoites showed a high degree of adhesion to to-
pographically flat surface of the polystyrene chips (Figure 1) and
attachment appeared to be mediated by the VAD. Trophozoite
attachment to topographical arrays of pillars was greatly reduced,
but was not eliminated. Examination of trophozoites adhering
to pillar arrays revealed attachment of the VLF to the tops of the
pillars (Figures 2 & 3). Because pillar spacing prevented "suction-
like" attachment of the VAD, adhesion appeared to be mediated
by interaction of the VLF with the top surface of the pillars. This
new mechanism of adhesion may provide new insights on transient
interactions of trophozoites with the MVB.
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Figure 4. SEM ofmdividuai G. lamblia trophozoite adhering to surface of a nucleopore filter with 0.2 fini pores. Observe that spacing of the pores makes it
impossible for the trophozoite to generate a negative pressure under the VAD, yet the trophozoite adheres to the surface of the filter. Magnification bar, 1 yon.

Figure 5 SEM ofG. lambVa trophozoite attached to u highly porous anopore filter (alumina matrix) with 0.2 jim pores. The anopore filter has a much
greater porosity per um2 than the nucleopore filter. Again, the porous nature prevents generation of a negative pressure. Magnification bar, 1 um.
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In a second experiment, porous filters were utilized to examine
the attachment of trophozoites. Small pore filters were chosen that
would counteract the formation of a negative pressure by having
multiple pores located within the area of the VAD. Polycarbon-
ate, cellulose, and anopore filters possessing pore sizes of 0.2 - 0.4
microns were tested in an adhesion model where trophozoites are
allowed to attach in a similar manner to the model described above.
The number and the spacing of pores in the filter made it impossible
for a negative pressure to be generated under the VAD. Examination
of the polycarbonate filter (Figure 4) or the anopore filter (alumina
matrix; Figue 5) clearly reveals that Giardia trophozoites can attach
to these porous surfaces. SEM has clearly demonstrated that the
membrane of the ventrolateral flange can directly fuse with the tops
of the microfabricated pillar arrays, and it is likely the the adhesive
qual ity of the VLF is responsible for adhesion to the thin substratum
separating the pores in the filters.

The discovery of the adhesive nature of the VLF raises interest-
ing questions as to how this might affect trophozoite attachment in
vivo. The trophozoite swims in a helical fashion, much resembling
the rotation of a falling leaf. Because the ventrolateral flange sur-
rounds the VAD and it is highly flexible, it is possible that the VLF
is the first part of die trophozoite to encounter the microvillous
border of intestinal epithelial cells. The interaction of the flange
with the epithelial cell surface may allow for a transient interaction
the enables die trophozoite to orient itself so that the VAD can
be brought into intimate contact with die cell surface of the host.
Once it has this orientation, the edge or lateral crest of the VAD
then penetrates the microvillous border and undergoes contraction
permitting the VAD to form the tight adherence diat produces the
characteristic lesion or scar seen in the microvillous border diat is
the mirror-image of the VAD (1,2). •
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BERKELEY WORKSHOP

The Biological Imaging Facility at the University of Cali-
fornia Berkeley offers during the month of June a one week
workshop entitled Plant and Animal Microtechnique. The
course covers paraffin sectioning and associated techniques
using microwave technology, and is designed to familiarize
the student with up-to-date methods in making microscope
slides from specimen material for anatomical and molecular
investigations. In situ hybridization is covered, as well as
the more traditional techniques of paraffin embedding and
histological staining. Alternating with laboratory exercises,
lectures are presented covering the theoretical aspects of
fixation and slide preparation, immunolocalization, and in situ
hybridization. A conceptual framework regarding microscopy
and optics also is presented.
See the website: http://microsGopy.berkeley.edu/microtech

The course time is SAM - 6PM, June 7-11, 2004.
Cost is $1000. or $1200 after May 15, 2004

For information contact Dr. Steven Ruzin, 570-642-6602
or email ruzin@nature.berkeley.edu
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MSA members receive both Microscopy Today and
Microscopy and Microanalysis FREE!

JOKES:
Q: What is the difference between a Quantum Theorist and a

Beauty Therapist?
A: The Quantum Theorist uses Planck's Constant as a founda-

tion, whereas the Beauty Therapist uses Max Factor.
Q: What's the difference between Max Factor and a Quantum

Theorist?
A: Max Factor has models that work.

A fellow accidentally ingested some alpha-L-glucose and dis-

covered that he had no ill effects.

Apparently he was ambidextrose.

NORTHERN
E C L I P S E

LIMITED OFFER

Get the power of Northern Eclipse 6.0 FREE
by ordering a Qlmaging FireWire CCD camera
When you buy a Qlmaging CCD FireWire camera directly
from us at the manufacturer's suggested list price, we will
include, for a limited time, one FREE Northern Eclipse 6.0
application of your choice. Applications such as Brightness/
Time, Time-Lapse, Image Merging, Fast Capture to Ram, and
even De-convolution are available. See the On Sale page
of our web site for a full list of applications available with
this offer.

www.empix.com

E M P I X

™ 'Firewire' is a registered tredemerk •[ Apple Computer Inc.

POSITION AVAILABLE

Gatan Inc. seeks an Imaging Product
Engineer at its Pleasanton, California
facility to research and develop real-

time imaging products and software for
Electron Microscopes. The candidate
will develop and maintain automated

test procedures for products and
components. Requires a Master's

degree in Materials Science or
Mechanical Engineering and one year's

experience in Engineering Research
including electron microscopy and root

cause failure analysis.

Submit resume by email to:
pmooney@gatan.com
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The Meiji RZ Series of
Research Stereo Microscopes.
If you are looking for precision, durability, quality and value in a high
performance Stereo Microscope, we Invite you to take a closer look
at Meiji's RZ Series of Research Stereo Microscopes.

The RZ Series modular system design allows you the freedom to
create an ideal instrument for your specific need or application.
Featuring a 10:1 zoom ratio, variable double iris diaphragm, and
positive detente click stops at 12 positions of magnification. A full
range of optional accessories is available, including: Video and
photo-micrographic systems, brightfield-darkfield transmitted light
stands, ergonomic binocular head, drawing attachment, multiple
interchangeable objectives and wide-field eyepieces. Complete
system versatility backed by a "LimitedLifetime Warranty."

For more information on these economically priced Stereo Microscopes,
please call, FAX, write us or log on to our website today.

MEIJI TECHNO AMERICA
2186 Bering Drive, San Jose, CA 95131,
Tel: 408.428.9654, FAX: 408.428.0472

Toll Free Telephone: 800.832.0060 or visit our website at www.meijitechno.com

STOP HASSLING WITH
MULTIPLE SERVICE CONTRACTS!

START by putting all of your instruments under one service contract with MAS
(regardless of make or model). Our expert EM SERVICE GROUP has the knowledge

and skills to keep your instrument working at its best.

PREP EQUIPMENT SPECIAL SERVICES

HITACHI TOPCON

JEOL ISI

AMRAY CAMBRIDGE

VACUUM COATERS
PLASMA ASHERS

SPUTTER COATERS
ION MILLS

STAGES

BEAM BLANKERS

CUSTOM DEVICES

NEW NEW NEW
Authorized service representatives
for Gatan preparation equipment
and Topcon TEM'S.

Contracts and On-Demand
Emergency Service at
Reasonable Rales from
Factory Trained Specialists.

800-421-8451
3945 LakefieliJ Cimn SuwaiMS, Georgia 3CKG4 77()-866-:i20ff PAX 770-S66-3259

61.6 Hun™ Street Suite U)l Kaleigh. North Carolina 27bU6 LJI ^-82^-7041 FAX9IV-H29-551X
ADVANCED ANALYTICAL PRODUCTS AND SERVICES
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