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Reforming Undergrad

Biology Curriculum
IN HIS ARTICLE ON THE NEW NATIONAL

Research Council (NRC) report on needed
reforms in undergraduate biology educa-
tion, Erik Stokstad (“Biology departments
urged to bone up,” News of the Week, 13
Sept., p. 1789) mentions some of the ob-
stacles to effective curriculum reform—the
immense inertia of the faculty and their re-
luctance to give up “their” subject. One of
the primary drivers of these impediments
was identified in the Editorial by Timothy
Goldsmith in the same issue (“Why is a
liberal education so elusive?”, 13 Sept., p.
1769): Faculty are usually
reluctant to teach outside
their areas of expertise. 
From the perspective of
curriculum reform, this
combination can be deadly.
It also leads to a curriculum
whose composition is sto-
chastic rather than planned,
as courses are added or
dropped as faculty arrive
and leave. But at least for
the first 2 or 3 years of un-
dergraduate education, most
biology faculty ought to be
able to teach effectively in
several broad areas—why do
we insist that an upper-year high school
teacher cover all areas but that only 1 or 2
years later, students must be taught in a
specialist fashion?

The solution is obvious but very chal-
lenging: design a curriculum around goals
rather than content and involve the faculty
in teaching fundamental, cross-disci-
plinary courses and courses outside their
area of expertise. This could be enormous-
ly stimulating! For many years in a biolo-
gy department, I taught biostatistics, a
course whose content cut aggressively
across all discipline areas. The freedom
from parochial, specialty-driven course
content and the sheer joy of teaching
something that was fundamentally and en-
duringly important enlivened and invigo-
rated my teaching.

A curriculum designed on goals and
cross-disciplinary content could be a lot

slimmer than the obese, fact-filled, over-
lapping and often repetitive courses that
constitute the typical biology curriculum.
Such a lean curriculum would free up the
time needed to involve undergraduates in
real, meaningful research activity—a real
benefit to both students and faculty.

STEPHEN M. SMITH

Department of Biology, University of Waterloo,

Waterloo, Ontario N2L 3G1, Canada. E-mail:

smithsm@uwaterloo.ca

IT IS ENCOURAGING TO LEARN THAT BIOLOGY

faculty recognize that “undergraduates
[need] a better appreciation of the connec-
tions between biology and the physical
sciences” (“Biology departments urged to

bone up,” E. Stokstad, News of the Week,
13 Sept., p. 1789) and that steps are being
taken to improve the situation.

Let me suggest a method established 30
years ago at the University of California,
Irvine, that required two luncheon meetings
to implement: one with David Brandt (chem-
istry) and myself (biology) and the other be-
tween William Parker (physics) and myself.

I asked these researchers and teachers
to tell me what they teach in their begin-
ning chemistry and physics courses: the
gas laws, pH, oxidation and reduction, and
kinetics and thermodynamics.

I then made it a point in my beginning
cell biology course to correlate those sub-
jects with my lectures on osmotic pres-
sure; colligative properties and determin-
ing the molecular weight of proteins; the
Henderson-Hasselbach principles of
buffers; electron transfer reactions in the

mitochondria; Michaelis-Menton enzyme
kinetics; and the production and utilization
of energy in metabolism.

As a result, the students grasped these
concepts of cell biology more easily be-
cause they had already learned the basic
chemistry and physics involved. They also
recognized that chemistry and physics
were necessary for a deeper understanding
of biology and that those courses were not
just requirements to take and then forget. 

And the lunches were good, too.
HOWARD M. LENHOFF

Professor Emeritus, Biological Sciences, University

of California, Irvine, CA 92697–2310, USA.

Discussing the

Origin of Life

J. L. BADA AND A. LAZCANO (“SOME LIKE IT

hot, but not the first biomolecules,” Per-
spectives, 14 June, p. 1982) discuss,
among other things, the pros and cons of
low-temperature versus high-temperature
(deep-sea hydrothermal) sites for the ori-
gin of life. They seem to have overlooked
that the hydrothermal sites all have both
high- and low-temperature areas within a
few meters of one another and that the tur-
bulence associated with the vents will en-
sure at least sporadic mixing of these envi-
ronments.

WARREN BORGESON

2784 Oakmont Drive, Flagstaff, AZ 86004–7436,

USA.

IN THEIR PERSPECTIVE “SOME LIKE IT HOT,
but not the first biomolecules,” J. L. Bada
and A. Lazcano (14 June, p. 1982) state
that for monomers to undergo polymeriza-
tion in the early “prebiotic soup,” concen-
tration would have been necessary. Yet, al-
though they cite the work of Oparin (1),
they do not refer to his statements on
coacervation. Coacervates could form in
dilute solution and reaction with cations,
or other insolubilizing moiteties could
then have formed enclosing membranes.

NATHANIEL A. MATLIN

The Matlin Company, 1078 Taylorsville Road, PO

Box 600, Washington Crossing, PA 18977, USA.
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IN THE FIELD OF THE ORIGIN OF LIFE, SCIENTISTS

are divided into segregated schools that do
not even agree on the standards of scientific
inquiry. Ordinarily, science is perceived as the
difficult search for an ever-more-comprehen-
sive, true explanation of the world. But in the
words of J. L. Bada and A. Lazcano (“Some
like it hot, but not the first biomolecules,”
Perspectives, 14 June, p. 1982), the research
into the prebiotic soup theory of the origin of
life aims “to construct a coherent narrative.”
This is a remarkable statement. The objective
scientific principle of a search for the truth is
replaced by the subjective aesthetic principle
of a well-constructed story.

The search for truth is only possible as
a community effort for which a critical ra-
tional discourse is a conditio sine qua non.
This discourse is of value to the extent that
the theory to be criticized and the refer-
ences used for the criticism are not misrep-
resented. Bada and Lazcano address two
theories on the origin of life: (i) a global
heterotrophic origin of life in a cold prebi-
otic soup, in which organic compounds
slowly accumulated over thousands or mil-
lions of years, eventually leading to the
origin of evolution by the onset of nucleic
acid replication, and (ii) my theory of a lo-
cal chemo-autotrophic origin of life in hot
volcanic exhalations by synthetic autocat-

alytic domino reactions of low molecular
organic constituents on mineral surfaces of
transition metal sulfides (1, 2).

According to the first theory, the com-
pounds accumulating in the prebiotic soup
must be hydrolytically inactive. Otherwise,
they could not accumulate so slowly. In the
second theory, the organic compounds
(e.g., organo-metal compounds, thioesters,
keto acids, and active amino acid deriva-
tives), which are constituents of the domi-
no reactions, must be synthesized in an ac-
tivated form and must undergo rapid sub-
sequent conversion. A slow accumulation
of such activated organic compounds un-
der the hydrolyzing conditions of an aque-
ous solution is not possible. Therefore,
these two theories are incompatible. Bada
and Lazcano overlook that fact when they
claim that the theory of a chemo-au-
totrophic origin of life “is not a new idea”
but rather was anticipated in 1955 by M.
Ycas (3). Ycas wrote, “Under the influence
of the energy of light or electrical dis-
charges, simple compounds (methane, am-
monia, etc.) of the original atmosphere
form a great variety of organic compounds
in solution in the ocean… While in solu-
tion in the ocean, the organic compounds
will interact, forming… a system of inter-
locking cycles… as one living thing, the
metabolizing ocean. The further evolution
of this system presumably led to the pro-
duction of catalysts of a high molecular
weight” (p. 715). It is clear from this quo-
tation that Ycas’s proposal is fully within
the prebiotic soup theory. Therefore, it
cannot anticipate the theory of a chemo-
autotrophic origin of life, with which it is
incompatible.

Bada and Lazcano go even further in
stating that my theory of a chemo-
autotrophic origin of life is “a component of
the prebiotic soup theory” in the sense that
its reactions “could have played an impor-
tant role in enriching the prebiotic soup in
molecules not readily synthesized by other
abiotic reactions or derived from space.”
This shows what it means to strip the field
down to mere story construction, controlled
only by the need for narrative coherence. It
seems that any reaction that comes along as
a result of my theory or any other future the-
ory will be added to the soup theory. In this
vein, telling the story of a prebiotic soup be-
comes all-inclusive. True science, however,
is exclusive, thriving on conflict and refuta-
tion and having content by what it forbids. 

GÜNTER WÄCHTERSHÄUSER

Tal 29, D-80331 Munich, Germany. E-mail :

info@patent.de
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Response

BORGESON SUGGESTS THAT NEIGHBORING

high- and low-temperature areas around
hydrothermal vents may have had some
prebiotic significance. There are indeed
temperature gradients associated with hy-
drothermal systems, and these arise from
the mixing of hot vent waters with cold
ambient seawater. As has been demon-
strated elsewhere (1), organic compounds
are rapidly decomposed at the elevated
temperatures characteristic of hot vent wa-
ters. Minerals (such as pyrite) that form
around vent discharges could have played
a role in assisting in the synthesis of com-
plex organic molecules from simple
reagents (HCN, aldeyhdes/ketones, and so
forth) present in seawater, but there were
likely many environments on the primitive
Earth besides hydrothermal vents where
this could have occurred.

Matlin mentions that coacervates as
imagined by Oparin might serve as labo-
ratory models of precellular systems. In-
deed, liposomes and micelles formed from
abiotically synthesized amphiphilic
molecules may have played an important
role in the emergence of the first mem-
brane-bound precellular systems (2).

As he has shown elsewhere (3),
Wächtershäuser is fixated on what he con-
siders proper scientific methodologies, es-
pecially in the context of the philosophy
of Karl Popper. He considers our relative-
ly modest attempt to describe the emer-
gence of life, using an evolutionary narra-
tive consistent with the possible prebiotic
environments and the essential properties
of living entities, as unpalatable. He does
not mention that a core theme of his au-
totrophic theory is the appearance of
pyrite-based “life” that consisted of only
autocatalytic metabolic reaction networks
in which no genetic information material
was present. There is indeed some evi-
dence that iron/nickel sulfide could have
played an important catalytic role in the
synthesis of organic molecules on early
Earth, as Wächtershäuser has advocated.
But the fact is, whether in solution in the
entire ocean or associated with mineral
surfaces, metabolism in whatever form is
not life as we know it. As we emphasized
in our Perspective, regardless of what
Wächtershäuser may speculate, it is un-
likely that life could have evolved into
modern biochemistry in the absence of a
genetic replication mechanism to ensure
the stability, survival, and diversification
of its basic components. The central tenet
of Wächtershäuser’s criticism is his belief
that the prebiotic soup theory and his au-
totrophic reaction schemes are incompati-
ble. However, it is hard to see why the re-

sults that have been achieved so far from
experimental work that has been per-
formed within the framework of his au-
totrophic theory cannot be quite easily ac-
commodated into the prebiotic soup het-
erotrophic theory of the origin of life, giv-
en its open epistemological character.

ANTONIO LAZCANO1 AND JEFFREY L. BADA2

1Facultad de Ciencias, UNAM, Apdo. Postal 70-

407, Cd. Universitaria, 04510 Mexico D.F., Mexico.

E-mail: alar@correo.unam.mx. 2Scripps Insitution

of Oceanography, University of California at San

Diego, La Jolla, CA 92093–0212, USA. E-mail:

jbada@ucsd.edu
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Another Form of Bias in

Conservation Research

IN THEIR RECENT ANALYSIS OF CONSERVATION

research literature, J. A. Clark and R. M. May
(“Taxonomic bias in conservation research,
Letters, 12 July, p. 191) show that vertebrates
are grossly overrepresented in conservation
research, whereas invertebrates are underrep-
resented and plants are adequately represent-
ed when compared with their prevalence in
nature. The authors show disappointment in
this trend because successful conservation
requires the study of all groups of organisms.
I completely agree, and for this reason, I in
turn was disappointed in their analysis of the
literature because they considered only plant
and animal taxa, ignoring other groups, par-
ticularly microorganisms. Yet, there is in-
creasing evidence within the published eco-
logical literature that microbes can play im-
portant roles in the functioning of ecosys-
tems and in the regulation of plant and ani-
mal populations and communities. To evalu-
ate any existing bias against microbial taxa, I
reviewed 5 years of issues (1997–2001) in
three journals (Conservation Biology, Biodi-
versity and Conservation, and Biodiversity
and Distribution). I found that microbes
were rarely studied at all: fungi/lichens,
0.024 as a proportion of all articles; protists,
0.007; and bacteria/viruses, 0.006. These val-
ues are far lower than the proportion of arti-
cles considering plants or animal taxa, as re-
ported by Clark and May, even though mi-
crobes may arguably represent the majority
of the taxonomic diversity in natural ecosys-
tems. It is clear from these data that conser-
vation research is even more unbalanced than
reported by Clark and May.

JOHN N. KLIRONOMOS

Department of Botany, University of Guelph,

Guelph, Ontario N1G 2W1, Canada. E-mail:

jklirono@uoguelph.ca
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Response
KLIRONOMOS MAKES A VALID AND IMPORTANT

point. It is, however, a bit odd for him to be
“disappointed” in our analysis. We did not
explicitly include microorganisms in our
analysis of the literature on conservation bi-
ology because, as Klironomos shows, such
studies at present constitute a negligible frac-
tion. We nevertheless agree that the paucity
of literature in this area is not a good thing.  

J. ALAN CLARK1 AND ROBERT M. MAY2

1Department of Zoology, University of Washing-

ton, Box 351800, Seattle, WA 98195–1800, USA.
2Department of Zoology, University of Oxford,

South Parks Road, Oxford OX1 3PS, UK.

Revisiting an

Archean Impact Layer

G. R. BYERLY ET AL.’S REPORT, “AN ARCHEAN

impact layer from the Pilbara and Kaapvaal
cratons” (23 Aug., p. 1325), is an important
addition to the growing literature on early
Precambrian impact ejecta. Their zircon
data provide compelling evidence that
spherule layers in Australia and South
Africa were formed simultaneously by a sin-
gle impact about 3.47 billion years ago. The

size and abundance of the spherules strong-
ly suggest that they are part of a layer that
was dispersed globally. We concur with By-
erly et al.’s assessment that “zircons from
both the South African and Australian layers
are best interpreted as locally derived detri-
tus” (p. 1326). However, the presence of two
identical populations of unshocked zircons
in both regions does not support a large sep-
aration distance between the Pilbara and
Kaapvaal cratons at the time of impact. The
two suites of zircon crystals are so similar
that we believe they were eroded from the
same source rocks, which implies that these
strata were deposited close to one another in
a global context. On the basis of stratigraph-
ic and geochronologic similarities, various
workers [discussed in (1)] have already ar-
gued that the Pilbara and Kaapvaal cratons
formed in close proximity to one another.
Byerly et al.’s data provide some of the
strongest evidence yet in support of this the-
ory. Their study demonstrates the potential
for using impact spherule layers to constrain
Archean paleogeographic reconstructions,
as well as for high-precision time-strati-
graphic correlation between Precambrian
successions on different continents.

BRUCE M. SIMONSON1 AND SCOTT W. HASSLER2

1Department of Geology, Oberlin College, 52 

W. Lorain Street, Oberlin, OH 44074–1044, USA.
2Office of University Relations, John F. Kennedy

University, Orinda, CA 94563, USA.
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Response

WE THANK SIMONSON AND HASSLER FOR

their endorsement of our interpretations of the
origin and ages of Archean impact layers in
the Pilbara and Kaapvaal cratons. The ques-
tion they raise concerning the distance be-
tween these two areas and the possibility of a
conjoined Pilbara-Kaapvaal Craton at the
time of impact was addressed in our original
submission, but suggestions by editors and re-
viewers required its removal. We have demon-
strated (1) that the spherule layers document
impacts with energies appropriate for both
global dispersal of impact materials and gen-
eration of large tsunamis. Identical detrital zir-
con suites in the impact layers would suggest
proximity of these cratons only if potential
source rocks for the zircons were present on
only one of the cratons, which would presum-
ably have been located closer to the impact
site and served as a zircon source for both ar-
eas. This is not the case. Sampled areas on
both cratons contain preimpact felsic volcanic
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rocks that, if subject to erosion, would have
yielded age suites of zircons like those in the
impact layers. Hence, the similar detrital zir-
con suites are not relevant at this stage to eval-
uating how close or distant these cratons were
at the time of the impact. The similarity of
stratigraphic sequences and ages provides
much more substantial evidence that the Pil-
bara and Kaapvaal cratons may have been
conjoined during the Archean (2, 3).

Our study was designed only to determine
the age and equivalence of the oldest impact
layers in these areas. Future, more detailed
U/Pb studies might support a single conjoined
Archean landmass but would require exami-
nation of many hundreds of zircons from each

impact layer, with the aim of identifying pop-
ulations of grains in both areas that could
have been sourced by rocks in only one area.

GARY R. BYERLY1* AND DONALD R. LOWE2

1Department of Geology and Geophysics,

Louisiana State University, Baton Rouge, LA

70803–4101, USA. 2Department of Geological

and Environmental Studies, Stanford University,

Stanford, CA 94305–2115, USA.
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CORRECTIONS AND CLARIFICATIONS

EDITORS’ CHOICE: “Snake vine and
Munumbi Miller” (20 Sept., p. 1961). Gary
Strobel was incorrectly identified as the
discoverer of taxol. Strobel discovered fun-
gal taxol. Taxol was discovered by M. Wall,
M. C. Wani, and co-workers [M. C. Wani et
al., J. Am. Chem. Soc. 93, 2325 (1971)].

BREVIA: “BLM heterozygosity and the risk
of colorectal cancer” by S. B. Gruber et al.
(20 Sept., p. 2013). The order of the au-

thors was incorrect. The correct order is
Stephen B. Gruber, Nathan A. Ellis, Karen
K. Scott, Ronit Almog, Prema Kolachana,
Joseph D. Bonner, Tomas Kirchhoff, Lynn
P. Tomsho, Khedoudja Nafa, Heather
Pierce, Marcelo Low, Jaya Satagopan,
Hedy Rennert, Helen Huang, Joel K.
Greenson, Joanna Groden, Beth Rapaport,
Jinru Shia, Stephen Johnson, Peter K.
Gregersen, Curtis C. Harris, Jeff Boyd,
Gad Rennert, Kenneth Offit.

RESEARCH ARTICLES: “Super ENSO and
global climate oscillations at millennial
time scales” by L. Stott et al. (12 July, p.
222). The second sentence of the second
paragraph on page 226, which reads, “At
times of cooling at high latitudes, the trop-
ical Pacific was experiencing either less-
frequent or less-persistent El Niños” is in-
correct. It should read, “At times of cool-
ing at high latitudes, the tropical Pacific
was experiencing either more-frequent or
more-persistent El Niños.” 

SCIENCESCOPE: “Next up” (17 May, p.
1219). The new interim Under Secretary
for Science of the Smithsonian was incor-
rectly identified as Ira Shapiro. His name
is Irwin Shapiro.

S C I E N C E ’ S C O M P A S S
:

Letters to the Editor
Letters (~300 words) discuss material published

in Science in the previous 6 months or issues

of general interest. They can be submitted by

e-mail (science_letters@aaas.org), the Web

(www.letter2science.org), or regular mail

(1200 New York Ave., NW, Washington, DC

20005, USA). Letters are not acknowledged

upon receipt, nor are authors generally con-

sulted before publication. Whether published

in full or in part, letters are subject to editing

for clarity and space.
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