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9:05 —1463. Artificial photosynthesis. J. T. Muckerman, E. Fujita

9:35 —1464. Surviving an oxygen atmosphere: DNA damage and repair. C. J. Burrows
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10:20 —1465. Fluorescent responsive molecular probes for oligonucleotides detection. A. A. Marti, N. J. Turro

10:50 —1466. Isotopes illuminate chemical change: Boron isotope pH proxy. N. G. Hemming

11:20 —1467. Climate and atmospheric changes: past, present and future. J. White

11:50 — Concluding Remarks. 

ABSTRACTS

CHED 1462 

Energetics of biomolecule synthesis on early Earth 
Jan P. Amend, Earth & Planetary Sciences, Washington University, One Brookings Way, St. Louis, MO 63130, amend@levee.wustl.edu 

The transition from a sterile, prebiotic world to one inhabited by single-celled life forms occurred 3.5 to 4.0 billion years ago, give or take a few hundred million years. Independent of the exact timing, the chemical reactions that ultimately led to the emergence of life, and the chemical reactions that constituted the earliest metabolisms, were undoubtedly dominated by electron transfer processes. A fundamental characteristic of these reduction and oxidation (redox) reactions was the energy cost or energy yield. To quantify these costs and yields, Gibbs energies of relevant reactions can be evaluated at the temperatures, pressures, and chemical compositions of interest. In this chapter, a framework of these energetics will be presented for the aqueous synthesis from inorganic precursors of simple organic compounds, biomolecules, and molecular components that make up a prokaryotic cell. 


CHED 1463 

Artificial photosynthesis 
James T. Muckerman and Etsuko Fujita, Chemistry Department, Brookhaven National Laboratory, Bldg. 555, Upton, NY 11973, muckerma@bnl.gov 

Artificial photosynthesis is an area of research that seeks to replicate the natural process of photosynthesis that converts sunlight, water and carbon dioxide into carbohydrates and oxygen. The visible-light driven splitting of water into hydrogen and oxygen and even the targeting of methanol as the product of CO2 reduction are sometimes included in the definition. There are two distinct approaches to realizing the goal of artificial photosynthesis: structural models vs. functional models of the natural systems. We are pursuing functional models as exemplified in recent work on hydrogenase-inspired catalysts for H2 oxidation and proton reduction. The function of the chlorophyll arrays in plants might be replaced with a suitable band-gap-narrowed semiconductor photoanode in an electrochemical cell, possibly with the aid of a molecular multi-electron water oxidation catalyst. The role of the NADH co-factor as the carrier and donor of two electrons and a proton might be replaced by a photogenerated hydride donor to carry out the function of Photosystem I. Examples from our current work in these areas will be presented. 

The work at Brookhaven National Laboratory is funded under contract DE-AC02-98CH10886 with the U.S. Department of Energy and supported by its Division of Chemical Sciences, Geosciences & Biosciences, Office of Basic Energy Sciences.


CHED 1464 

Surviving an oxygen atmosphere: DNA damage and repair 
Cynthia J. Burrows, Department of Chemistry, University of Utah, 315 S. 1400 East, Salt Lake City, UT 84112-0850, Fax: 801-585-0024 

Eukaryotes emerged about 2 billion years ago in response to increasing levels of O2 in the atmosphere. As a consequence of life's coexistence with this reactive diradical, as well as the other reactive oxygen species generated in the respiratory process of converting O2 to H2O, cells have adapted biochemical processes to protect themselves from free radical damage. Nevertheless, it is estimated that each cell's genomic DNA undergoes thousands of oxidative damage events per day, and even more under conditions of stress. Oxidative damage to DNA, if unrepaired, leads to mutations that underlie cancer, aging and neurological disease. The molecular events leading to oxidative damage, as well as the DNA polymerase and repair enzymes that have evolved to deal with these lesions, will be outlined in this report. 


CHED 1465 

Fluorescent responsive molecular probes for oligonucleotides detection 
Angel A. Marti and Nicholas J. Turro, Department of Chemistry, Columbia University, 3000 Broadway, New York, NY 10027, aam2127@columbia.edu 

An exquisite variety of probes have been designed and synthesized with the purpose of detecting oligonucleotides and polynucleotides in vivo and in vitro. Among them, molecular beacons (MBs) and binary probes (BPs) have shown particular applicability to specific problems such as mRNA tracking, single nucleotide polymorphism, and polymerase chain reaction quantization among others. MBs are hairpin oligonucleotide probes, which contain a fluorophore and a quencher and that change their fluorescent properties upon binding to its target. BPs, on the other hand, consist of two fluorophore containing oligonucleotide strands that hybridize to adjacent regions of a target sequence favoring energy transfer between the adjacent fluorophores. These probes have been extensively studied and modified to enhance their detection characteristics using different dye combination, three-dye arrays, excimer forming molecules, and metal complexes. Here, we discuss the design, applicability and advantages of these probes for the detection and tracing of oligonuclotides in vivo and in vitro. 

CHED 1466 

Isotopes illuminate chemical change: Boron isotope pH proxy 
N. Gary Hemming, School of Earth and Environmental Sciences, Queens College, City University of New York, 65-30 Kissena Blvd, Flushing, NY 11367, Fax: 718-997-3299, hemming@qc.edu 

A driving force of the evolution of life on Earth is adaptation to environmental change. Basic chemical principles are used by geochemists to study the evolution of the Earth system, including ancient climate. Because there is no way to obtain climate information directly, geochemists rely on proxies, and isotopes have been particularly useful tools. Boron isotopes are promising as a proxy for ancient ocean pH and for understanding natural variations in atmospheric CO2 concentrations, due to the tight coupling between the atmosphere and surface ocean. Proxies for CO2, combined with temperature proxies, are important for understanding the natural relationships between global warming and atmospheric CO2, and thus will aid models that seek to predict future warming. The development of any proxy requires an understanding of fundamental chemical principles including atomic structure, vibrational energies, aqueous speciation, and isotopic fractionation, all within a dynamic system that is perturbed by biological influences. 


CHED 1467 

Climate and atmospheric changes: past, present and future 
James White, Institute of Arctic and Alpine Research, University of Colorado, Boulder, CO 80309 

The composition of the atmosphere is a key part of the energy balance of our planet. Levels of gases that are largely transparent to solar radiation but strongly absorb the Earth's radiation, the greenhouse gases, vary naturally over time as the cycling of carbon and nutrients through the oceans, biosphere, and atmosphere change. The link between levels of greenhouse gases and climate in the past is very strong. Over the past 650 thousand years, a time when we have direct observations of the atmosphere via ice cores, the correlation between levels of carbon dioxide and climate is particularly striking. This paper will first discuss the processes that control the atmospheric composition, then present evidence of past relationships between atmospheric composition and climate, show the anthropogenic influences in the context of natural variability, and explore future scenarios for climate and atmospheric composition as human impacts on the atmosphere, and climate, accelerate. 
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