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Editorial & Letters

EDITORIAL 3
Cell Biology of the Cytoskeleton

Cells come in a huge variety of shapes and sizes, from the almost spherical lymphocyte, to
amoeboid cells such as macrophages, to flattened spindle-shaped fibroblasts or polygonal
epithelial cells, to neuronal cells with the complex branching extensions the dendrites and
the very long extension the axon. Such cellular architecture is constructed and maintained
by the cytoskeleton, a dynamic network of intracellular proteinaceous structural elements.
The cytoskeleton is responsible for cell shape, motility, migration, and polarity, and for
establishing intercellular contacts to produce tissue architecture. In addition, the cytoskeleton
plays many roles inside the cell. For example, in cell division it forms the scaffold on which
chromosomes are segregated to daughter cells and separates the daughter cells after mitosis.
Like the vertebrate skeleton, certain types of cytoskeletal elements are more or less perma-
nent features of cells, including the actin and myosin filament bundles in muscle cells and
the microtubule arrays in cilia and flagellae. Other cytoskeletal structures are very dynamic,
continuously assembling and disassembling like the tracks of a child’s train set as part of
their functional cycle or for use in various cellular processes. One particularly radical ex-
ample of cytoskeletal dynamics is the complete remodeling of the microtubule array of a cell
during mitosis—it changes from a network radiating throughout the cell to the compact,
bipolar, mitotic spindle.

In this special issue of Science, some of the emerging areas of research on cytoskeletal
dynamics are examined. The basic building blocks of the cytoskeleton include actin mi-
crofilaments (about 7 nm in diameter), tubulin microtubules (about 24 nm in diameter),
and a variety of intermediate filaments (about 10 nm in diameter). Each filament type is
composed of linear polymers of globular protein subunits, which are assembled and disas-
sembled by the cell in a carefully regulated fashion, sometimes at astonishing rates. One of
the classical images of the cytoskeleton is the molecular machinery of muscle tissue, in
which microfilament arrays are linked by myosin motor filaments, forming sliding filaments
that expand and contract in generating force. Mermall and colleagues (p. 527) review the
current state of knowledge about the roles of nonmuscle myosins, which do not form fila-
mentous structures, in various cellular processes, including ' membrane traffic, cell move-
ment, and signal transduction. Microtubules play fundamental roles in the formation of
complex cellular geometries such as axons, the extremely elongated processes of neurons.
Microtubule-based motors use microtubule tracks to move a variety of cargoes around
cells—the movement of chromosomes along the mitotic spindle during mitosis is an ex-
ample. Hirokawa (p. 519) describes the large number of microtubule-based motors, encoded
by the kinesin and dynein multigene families, and elaborates on their roles in intracellular
transport. A kinesin Web site has details on many of the aspects of the cell biology and
biophysics of this important intracellular motor protein (http://www.blocks.thcrc.org/
~kinesin/). The actin cytoskeleton also shapes cellular processes; for example, in the forma-
tion of filopodia or cell contact sites. Hall (p. 509) looks at the interplay between actin
architecture and the signal transduction machinery of the cell in promoting profound
changes in cell shape and motility in response to extracellular signals. Less is known about
the role of intermediate filaments in cells, mainly because of a lack of tools with which to
study their assembly and disassembly. Fuchs and Cleveland (p. 514) summarize recent ad-
vances in our understanding of the roles of multiple types of intermediate filaments, which
have become clear through the discovery of several diseases linked to intermediate filament
pathology. A Research News story by Elizabeth Pennisi (p. 477) focuses on the kinetochore,
the part of the chromosome that interacts with the microtubules of the mitotic spindle.
Finally, Echard and co-workers (p. 580) describe a putative new motor that is likely to play
a role in intracellular transport through the secretory pathway.

Problems with the cytoskeleton can cause disorders of the skin, the nervous system,
and the muscles. Changes in the cytoskeleton are key, and even diagnostic, in the pathol-
ogy of some diseases, including cancer. Understanding the basic cell biology of the cyto-
skeleton has contributed to our understanding of the pathology of some of these disorders
and will continue to affect approaches to understanding, diagnosis, and therapy for vari-
ous conditions.

Stella M. Hurtley
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On balance

Calculation of the appropriate reference
dose of mercury in fish is discussed.
How to sort out what is causing defor-
mities in North American frogs is said
to be a possible “scientific nightmare.”
A group of physicists who are collaborat-
ing to produce high-en-

ergy gamma-ray beams

defend their role in

the project. And pro-

tein-protein and pro-

tein-lipid interactions

that “should greatly contribute to our
understanding of the etiology of Alzhei-
mer's disease” are explored.

Mercury in Fish

The Policy Forum “Balancing fish consump-
tion benefits with mercury exposure” by
Grace M. Egeland and John P. Middaugh
(12 Dec., p. 1904) questions the wisdom of
the Environmental Protection Agency’s
(EPA’s) using our Iraqi data (1) to calculate
their reference dose (Rfd), arguing that our
Seychelles study (2) is more appropriate.

We agree. The Seychelles population is a
more appropriate sentinel population for
fish consumers in the United States: (i) the
major source of methylmercury is open
ocean fish, where the average concentra-
tions are similar to those on the U.S. mar-
ket, and (ii) the concentrations in hair are,
on average, 10 to 20 times the average in
the United States, because the Seychellois
consume about 12 fish meals per week (3).
Thus, any potential adverse effects of meth-
ylmercury in fish should be detected in the
Seychelles long before such effects are seen
in the United States.

The Policy Forum quotes our results for
children up to 29 months of age. We now
have findings for the same cohort tested at
66 months (4). We obtained tests scores of
six different measures of child performance;
general cognitive abilities, language ability,
drawing and copying, pre-arithmetic achieve-
ment, letter word reading, and behavioral
assessment. In all of these tests, no negative
correlation with pre- or postnatal mercury
levels was observed. To the contrary, the
children performed at a level comparable to
that of healthy, well-developed children in
the United States.

The same examiner repeated in the
Seychelles (5) exactly the same tests (neur-
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ological and developmental milestones)
that had been conducted in Iraq. Contrary
to the [raqi predictions, no adverse effects of
methylmercury were detected.

The long-standing World Health Orga-
nization (WHO) guideline for a safe concen-
tration of methylmercury intake is equiva-
lent to a concentration in hair of 5 parts per
million (ppm). The EPA Rfd would reduce
this concentration by a factor of 4. The find-
ings in the Seychelles study, where average
hair concentrations were close to 7 ppm ex-
tending up to 26 ppm, support the long-
standing WHO guideline.

Tom Clarkson
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Egeland and Middaugh’s Policy Forum dis-
cusses a timely topic for U. S. public health.
[ agree with their view that the RfD alone
should not play a major role in risk assess-
ment, because even Japan permits an RfD
of 0.43 microgram per kilogram per day
with a safety limit of 0.3 ppm based on an
average fish consumption rate of 108.5 grams
per day.

However, people in Alaska and Hawaii
eat more fish on a daily basis compared to
inhabitants of other states (1). Fish eaten
by Alaskans is not so contaminated as that
in 37 states which issued the fish consump-
tion advisory because of mercury contami-
nation. Therefore, Alaska’s situation is ex-
ceptional. There is far more mercury con-
tamination in other parts of the United
States. First, the EPA indicated that fish in
only 2% of the EPA-designated 370 sites in
the United States exceeded the Food and
Drug Administration’s (FDA’s) action level
of 1 ppm (1). However, South Carolina
alone has fish in 13 rivers exceeding the FDA
action levels (2).

Second, although data from Seychelles
islanders and Faroe islanders are valuable, it
is too early to conclude what the effects of
low-level methylmercury is on fetuses at this
stage. Residents along the Shiranui Sea, of
which Minamata Bay is a part, consumed
fish (300 grams per day) containing rela-
tively low levels of mercury (0.11 ppm) over
a long period of time (at least 16 years)

and developed Chronic Minamata Disease
(CMD) symptoms later in their lives (3).

Last, it is estimated that 10,000 people in

Japan are still suffering from delayed symp-

toms of CMD 41 years after the Minamata

incident in Japan (4). CMD can not be ex-

plained by traditional dose-response or ac-

cumulation theories of metal poisoning (4,

5). I believe that it is time for U.S. public

health officials to revisit the Minamata issue.
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Frog Deformities

Jocelyn Kaiser’s article about the recent Na-
tional Institute of Environmental Health
Sciences “deformed frogs” workshop (News &
Comment, 19 Dec., p. 2051) is the most ac-
curate summary of this perplexing phenom-
enon | have yet read. However, a couple of
points require clarification. First, a great
deal of unnecessary confusion has been gen-
erated by the tendency to lump all amphib-
ian deformities together. For example, co-
horts of froglets with supernumerary limbs
present a very different suite of characteris-
tics than older metamorphosed frogs with
missing limbs or limb parts, suggesting dif-
ferent causes, and most laboratory-induced
deformities have shown little or no similar-
ity to those seen in nature. Another point
concerns whether deformities are on the
rise or the scale of the problem has been
overblown. An analysis of reports of defor-
mities compiled by the North American
Reporting Center for Amphibian Malfor-
mations (1) suggests the latter. Approxi-
mately half of the recent reports of de-
formed amphibians in the United States
and Canada are from a single study (my
own) of one site in California, published in
1990 (2)! More than half of the remaining
deformed specimens are from. intensive
searches in Minnesota over the last 2 years.
Furthermore, many recent reports may be
questionable, for example, sightings of
frogs with “retained tails.”

Finally, numerous Web pages on de-
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