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A number of interesting papers worth reading during the course

Selected from Science roundups, 2003

A Recipe for "Protolife"? 

http://www.sciencemag.org/cgi/content/short/302/5645/618
The earliest forms of "protolife" on Earth must have been able to reproduce and replicate, and it is likely that they were also cellular. But how did these primitive compartments come to be? In a report in the 31 Oct 2003 Science, Hanczyc et al. presented an experimental model of the primordial conditions that may have spawned life. They showed that clay particles can catalyze the formation of lipid vesicles in water. These same particles also adsorb RNA, and when forced to divide (by filtration through small pores), distribute the RNA into daughter vesicles. The chemical energy needed to drive vesicle formation in this system derived from a decrease in pH and the subsequent phase change in the lipids from micelles to bilayer membrane. The experiments thus demonstrate that vesicle growth and division can result from simple physicochemical forces, without any complex biochemical machinery. Similar conditions may have existed in porous mounds of clay and other minerals on the ancient ocean floor, where alkaline seepage from hydrothermal sources could have provided the necessary inputs of material and energy for life to take form. Although there is no evidence that natural lipids would have been present in sufficient quantities, amino acids could have easily joined together as polypeptides to form the first organic membranes. A Perspective by M. J. Russell highlighted the report http://www.sciencemag.org/cgi/content/short/302/5645/580 

Hydrocarbon Lakes on Titan

http://www.sciencemag.org/cgi/content/short/302/5644/431 
Titan, Saturn's largest moon, is shrouded by a thick nitrogen atmosphere and a haze of methane and other hydrocarbons that obscure its underlying surface. Nevertheless, previous radar data from the Hubble Space Telescope and other ground-based telescopes have provided coarse surface maps of the celestial body, which suggest that its solid surface is made of ice. In a report in the 17 Oct 2003 Science, Campbell et al. presented new data from the world's largest radio/radar telescope that suggest that Titan's surface is dotted with large hydrocarbon lakes. Sharp spikes in the reflected microwave spectrum of the moon's surface indicate smooth, dark areas 50 to 150 km across, which may represent impact craters that have been filled with raining hydrocarbons from the atmosphere. Infrared data from these regions suggests that they are < 5% re! flective, consistent with liquid organic matter like tar. The new data also suggest that as much as 75% of Titan's surface may be covered by these deposits. In 2004, NASA's Cassini spacecraft is scheduled to orbit around Saturn and its moon for four years. The Campbell et al. results, combined with information about the extent and depth of hydrocarbon lakes from that mission, should provide new insight into the history of the atmosphere and surface of Titan and other satellites in the cold outer reaches of the solar system. A Perspective by R. Lorenz highlighted the report. 

http://www.sciencemag.org/cgi/content/short/302/5644/403  

Trembling Glaciers

http://www.sciencemag.org/cgi/content/short/302/5645/622 
Many envision the glacial ice sheet that once covered much of Canada and the northern United States during the last Ice Age as a giant, slowly moving mass. However, evidence indicates that existing glaciers are actually dynamic objects capable of rapid movements. A report by Ekström et al. in the 24 Oct 2003 Science presented unexpected details of just how fast and how extensive these movements can be. Thus far, records of glacial activity have indicated only small seismic events lasting a few seconds. But using a new method to search for events lasting 35 to 100 seconds, Ekström et al. documented dozens of previously undetected earthquakes, with magnitudes of 4 to 5, beneath large glaciers in Greenland and Alaska. The data indicate that these "slow" events are produced when glaciers slide abruptly along their beds, causing d! isplacement of a large mass of ice over a relatively short distance. Interestingly, three main clusters of these earthquakes were observed at sites that are experiencing substantial surface melting. An increase in ice discharge as a result of this melting could at least partially explain the source of the seismic shifts. The recognition and continued study of glacial earthquakes will expand our knowledge of glacial dynamics and earthquake physics, and may have important implications for understanding the complex problems associated with climate warming. A Perspective by M. Fahnestock provided additional insights. http://www.sciencemag.org/cgi/content/short/302/5645/578  

Ozone Depletion and Antarctic Climate

http://www.sciencemag.org/cgi/content/short/302/5643/273 
Much attention has been paid to the influence of increased greenhouse gas concentrations on global climate, but human-induced ozone depletion has also been implicated in affecting climate change. In a report in Science last year (3 May 2002, p. 895), Thompson and Solomon argued that seasonal stratospheric ozone depletion over Antarctica was affecting weather in the lower atmosphere (troposphere) and was at least partly responsible for the observed climate warming and strengthening of westerly winds encircling the southern polar cap. A report by Gillett and Thompson in the 10 Oct 2003 Science has now provided strong evidence to support that hypothesis. The researchers presented modeling data on the seasonality, spatial structure, and amplitude of high-latitude climate change in the Southern Hemisphere and showed that the observed c! hanges in spring and summer can indeed be explained as a response to human-induced Antarctic ozone depletion. As noted in an accompanying Perspective by D. J. Karoly 

http://www.sciencemag.org/cgi/content/short/302/5643/236 

it is the first modeling study to show quantitative agreement between climate variability at Earth's surface and ozone depletion in the stratosphere. Still, recent climate change in the Southern Hemisphere has likely resulted from a combination of natural and human influences, and untangling the separate contributions will be a crucial next step toward predicting how climate may change in the future.

The Tree of Life

http://www.sciencemag.org/cgi/content/summary/300/5626/1691
How many species exist on Earth, and where does each one fit in the grand scheme of evolution? Efforts to answer these daunting but compelling questions were the subject of a special section of the 13 Jun 2003 Science. Biologists worldwide are committed to the massive undertaking of cataloging all organisms, living and extinct, and charting their relationships in space and time. As noted in a News story by E. Pennisi, systematists are turning to the tactics of big science -- large-scale, collaborative projects that simultaneously draw from molecular and morphological data and taxonomic information -- to aid their efforts. Science illustrated the complexity of the task at hand with a draft Tree of Life that represents the 80,000 living organisms now classified. (A special web-enhanced version of the tree included descriptions of some of the major branch points and links to web pages of known taxa from blue-green algae to grasshoppers; http://www.sciencemag.org/feature/data/tol/>http://www.sciencemag.org/feature/data/tol/   

A series of Viewpoint articles examined efforts to reconcile molecular and paleontological dates of the major branch points in the tree of life; evolution of the protein repertoire through gene duplication, divergence, and recombination; the complex origins of eukaryotic organisms; the emerging field of phylogenomics; and the value of phylogenies in assessing conservation priorities. Finally, an Editorial by J. A. M. Graves

 http://www.sciencemag.org/cgi/content/short/300/5626/1621 

emphasized the importance understanding the fundamentals of molecular evolution and the forces that drive genomic change as we seek to find the unifying principles that have built the tree of life.

Trimming the Genome

Eukaryotic organisms generally carry some amount of genetic baggage -- "selfish" DNA sequences like transposons that proliferate but serve no obvious function. Not surprisingly, organisms have evolved various mechanisms to rid their genomes of these potentially overbearing sequences, including targeted mutagenesis and gene silencing by DNA methylation. In a report in the 6 Jun 2003 Science Yao et al. 

http://www.sciencemag.org/cgi/content/short/300/5625/1581 

reported new evidence that the single-celled protozoan Tetrahymena thermophila uses an RNA-based recognition system to guide deletion of unnecessary DNA. Tetrahymena contain two nuclei: A micronucleus that is transcriptionally inactive and serves as a "storehouse" for the cell's genome, and a macronucleus that is responsible for all gene expression in the organism. During reproduction, the micronucleus divides and differentiates to form the new macro- and micronucleus of the daughter cell, and the old macronucleus is destroyed. Formation of the new macronucleus involves substantial genome-wide DNA rearrangement and deletion of nearly 15% of the genome deemed extraneous or repetitive. Yao et al. have shown that injection of double-stranded RNA triggers the specific deletion of homologous DNA regions. Foreign DNA sequences introduced into the micronucleus were also efficiently deleted from daughter macronuclei. These results suggest an unusual genome surveillance and defense system that prevents superfluous genetic material from being amplified and protects the genome from invading DNA. An accompanying Perspective by E. U. Selker http://www.sciencemag.org/cgi/content/short/300/5625/1517 

 highlighted the report and its potential evolutionary implications.

Unexpected Microbial Tactics

Adding to the innumerable lessons we have learned from the bacterial world about molecular evolution, ecology, and physiology, two studies published in Science this month described unexpected microbial feats that may shed light on aspects of aging and fighting infection.

González-Pastor et al. (19 Jun 2003 on Science Express; 

http://www.sciencemag.org/cgi/content/abstract/1086462  

reported that, in a last-ditch effort to avoid starvation, Bacillus subtilis bacteria cannibalize their siblings. B. subtilis typically respond to nutrient limitation by producing spores -- robust resting cells that can remain dormant for years. But spore formation is an elaborate, energy-intensive process that would be wasteful if not absolutely necessary. The researchers showed that hungry B. subtilis produce and export a killing factor and novel signaling protein that cause sister cells to rupture, or lyse, leaving behind nutrients that allow living cells to grow -- and giving the population of bacteria a way to avoid the costly expedient of spore formation until it becomes crucial for survival. An accompanying news story by N. Lubick on Science's online daily news service, ScienceNOW http://sciencenow.sciencemag.org/cgi/content/full/2003/620/2
highlighted the report.

Ackermann et al. (20 Jun 2003;

http://www.sciencemag.org/cgi/content/full/300/5627/1920
showed that asymmetric cell division, thought to be a prerequisite for cellular aging, unexpectedly occurs in the bacterium Caulobacter crescentus. Bacteria were previously considered immortal because they typically produce two identical cells during division that do not show age-related deterioration (whereas, in eukaryotic systems, negative effects of age are confined to the parent or, in the case of unicellular yeast, to only one of the products of an unequal division). Thus C. crescentus could serve as a model system to provide new insights into fundamental aspects of aging.

Probing the Martian Surface

Since February 2002, the Thermal Emission Imaging System (THEMIS) aboard the Mars Odyssey spacecraft has been capturing thermal and visible images of the rocky martian surface. In a research article in the 27 Jun 2003 Science, Christensen et al. http://www.sciencemag.org/cgi/content/short/300/5628/2056
summarized these images to create a more comprehensive view of the planet's surface dynamics over time. Because temperatures are related to material properties such as composition, topography, and structural integrity, thermal images provide a unique window on erosion and other geologic processes that have helped shape Mars. The team's analysis revealed distinct rock layers of variable thickness, implying temporal changes in the processes or environments during or after their formation; kilometer-scale outcrops of exposed bedrock; large dust-covered expanses; and compositional variations at 100-meter scales including a thick buried layer of olivine-rich basalt. Polar observations further identified temporal patches of water frost in the north polar cap. As noted in an accompanying Perspective by M. P. Golombek http://www.sciencemag.org/cgi/content/short/300/5628/2043
the combination of visible and thermal images acquired by THEMIS will enable planetary geologists to "map the entire surface with unprecedented insight into the geologic history and evolution of Mars."

In another Mars-related report in the 27 Jun 2003 issue, Mitrofanov et al. http://www.sciencemag.org/cgi/content/short/300/5628/2081
determined that the planet's northern polar permafrost contains more water than the southern polar latitudes. Their results are consistent with the seasonal cycling of carbon dioxide and water between the Mars surface and atmosphere and may have implications for understanding climate change and other meteorological processes.
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