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Jonna Berry, Tomas Liskutin (poster)

Faculty:  Dwight Stoll (Gustavus Adolphus College)

Development of Rapid Liquid Chromatography-Based Methods for the Quantitation of Opiates and Benzodiazepines in Human Biofluids.  
The primary objective of this work is to develop rapid high performance liquid chromatography (HPLC) methods for the analyses of abused drugs in the benzodiazepines and opiate classes.  Existing methods involve long analysis times (55 minutes per sample), and extensive sample preparation.  Preliminary experimental results obtained using recently commercialized materials for HPLC are the most promising thus far.  We have also developed a modeling strategy that will provide an efficient route to optimization of HPLC parameters after a complete set of experimental data has been collected.

Ben Carlson (talk)

Faculty:  Jeff Jeremiason (Gustavus Adolphus College)
Trace Metal Cycling in an Ombrotrophic Bog
The transport and biogeochemical cycling of trace metals in peatland systems is often related to the type and amount of dissolved organic matter present.  Trace metals, dissolved organic carbon, and other parameters were measured in porewaters of an ombrotrophic bog to assess movement of trace metals from the upland towards the center of the bog.

Ian Gibbs-Hall  (poster)

Faculty:  Dwight Stoll (Gustavus Adolphus College)

Carbon Based Stationary Phase Characterizations: For Applications in Extreme Separations.  
Despite a long history (ca. 30 years) of use in gas and liquid chromatography, carbon-based stationary phases are poorly understood and continue to suffer from several fundamental shortcomings.  A relatively new member of this family of materials, Carbon-Clad Zirconia (CCZ), differs from the more well known Porous Graphitic Carbon (PGC) in that the underlying zirconia plays a significant role in the retention of certain classes of compounds.  The goal of this work is to quantify the role of the zirconia surface chemistry in the retention of cationic compounds in particular.  Plots of the retention factor (k’) of protonated amines against counterion concentrations are a useful tool for quantifying the ion-exchange and reversed-phase contributions to retention in a given column.  This method was used on CCZ columns with amine-containing analytes and the results show a great amount of ion-exchange interactions occur on CCZ materials having a low coverage of the zirconia surface.  This work shows that both reversed-phase and ion exchange contributions to retention are very important when using the CCZ material, particularly for the separation of hydrophobic cations, and that the effects are so strong that the material is not practically useful for the separation of highly hydrophobic amines.

Steve R. Groskreutz (talk)
Faculty:  Dwight R. Stoll (Gustavus Adolphus College)

Development of Multi-Dimensional High Performance Liquid Chromatography for 

Targeted Trace Analysis in Complex Matrices.  
In this work we describe the development of multi-dimensional HPLC (MDLC) for targeted analysis of low-level constituents in complex matrices.  We will present initial results of the application of the MDLC system utilizing UV absorbance or mass spectrometric detection for the detection of triclosan and phenytoin in wastewater treatment plant effluent.

Matthew Klun  (talk and poster) and Garrett Stoddard
Faculty: Steve Miller (Gustavus Adolphus College)

Spectroscopic and Computational Characterization of Transition Metal-Pyrazole Complexes.  
A series of aqueous first row transition metal-pyrazole complexes were made and characterized.  UV-Vis spectra were collected for each complex at varying metal: ligand ratios to determine the ratio at which the ligand sphere of the metal is saturated.  Fluorescence and concentration dependent UV-Vis and spectra were then collected for the coordinatively saturated aqueous complexes.  Infrared spectra were collected for the complex-chloride salts for comparison to the bare ligand.  Finally, computational methods were used to examine the metal-ligand bond for the copper (II) complex.  Our results indicate that ligand binds to the metal in a monodentate,  fashion through the non-hydrogenated N atom of the ligand.  

Laura Leland and Chris Gloede (poster) 

Faculty:  Jeffrey N. Dahlseid (Gustavus Adolphus College)
Searching for a wild-type mRNA substrate for exosome-mediated degradation.  
The exosome is a multiprotein enzymatic complex that is involved in processing and degrading nuclear and cytoplasmic RNAs in eukaryotic cells. While the substrates of the exosome are known to include non-aberrant wild-type mRNAs, identification of substrate mRNAs in yeast has proven difficult.  Identifying more wild-type mRNA substrates will facilitate study of how the exosome discriminates target RNAs from others and regulates gene expression.  We have previously shown that degradation of wild-type CTF13 mRNA, which encodes an essential kinetochore protein that functions at centromeres, is accelerated by nonsense-mediated mRNA decay (NMD).  We sought to determine whether decay of CTF13 mRNA by NMD might be mediated 3’ to 5’ by the exosome, as shown for nonsense mRNAs of PGK1.  We analyzed RNA from wild-type and exosome mutant strains that expressed CTF13 fused through its promoter to the GAL1 upstream activating sequence.  CTF13 mRNA expressed from this fusion accumulated in rrp4 and ski7 mutant strains relative to wild-type strains.  However, by measuring CTF13 mRNA levels by decay from steady-state, we determined its stability was the same in mutant and wild-type strains.  This indicates the effect of the exosome upon CTF13 mRNA levels is not direct.  We hypothesize that the exosome affects the stability of a wild-type mRNA, which encodes a regulator of our CTF13 promoter fusion, thereby indirectly affecting CTF13 mRNA levels.  Our current efforts are focused on a genetic screen to identify the putative regulator.  Candidates will be evaluated for their effect upon the expression of our CTF13 fusion and for encoding mRNAs with exosome-dependent stability.

Steve Lundberg and Keisha Bates  (poster)
Colleen Jacks (Gustavus Adolphus College)

Tying the Knot: Providing Connections Between General Biology and Chemistry.  
In 2008, Gustavus received a grant from Howard Hughes Medical Institute with an overarching theme of improving the connections between biology and chemistry.  In order to do this, new laboratory and classroom curriculum needed to be developed.  One new chemistry and four new biology labs were designed and created.  The labs for biology included a microscopy lab involving algae lab, a cell organelle lab, an ecology lab involving a field trip to the arboretum, and a respiration lab using Vernier probes to quantify.  The lab for chemistry was a spectrophotometric determination of phosphorus concentration.  These labs were written up and included in the 2010 lab manual.  Additional laboratory ideas were written up to further the laboratory development in future years.  Classroom unity between the two courses was expanded through supplementation of the existing model.  A repository of case studies was created and made available to all the BIO-101 and CHE-107 professors.  These case studies were enhanced with primary literature, videos, websites, and other additional resources that help establish a connection between biology and chemistry.  Through the creation of new labs and supplemental classroom material, it is the hope that students will experience a clear tie between biology and chemistry. 

Noah Setterholm  (talk and poster)
Scott Bur (Gustavus Adolphus College)

Factors affecting the rate of Diels-Alder reactions involving 2-trialklysilyloxyfurans.  
Increasing the size of the silyl groups on 2-trialkylsilyloxy furans and the ester groups on maleate dienophiles reduces the rate of Diels-Alder reactions.  While the exo-adduct resulted from the reaction between 2-silylxyfurans and maleic anhydride, endo-adducts resulted from the reactions with maleate esters.  Analysis of transition state structures for the cycloaddition, calculated at B3LYP/6-31G*, revealed significant asynchronicity in the forming bonds, with selectivity arising from steric interactions that effect torsional strain about the shorter bond. 

Jamison Utzig  (poster)
Jeff Jeremiason (Gustavus Adolphus College)

Mercury in Itasca County Lakes.  
Total mercury and methylmercury in water were analyzed in selected lakes from Itasca County.  The goals of this project were to assess variability of mercury levels in these lakes and to develop a method to analyze methylmercury with the Inductively Coupled Plasma – Mass Spectrometer (ICP-MS).  Samples from the lakes were generally collected 3-4 times in 2008 and 2009.  Mercury levels tended to by highly variable within lakes, but generally the larger lakes exhibited lower total mercury concentrations than the smaller lakes.  Methylmercury trends within and between lakes could not be assessed as only a few samples were analyzed.  Most of our time was spent developing a method for the ICP-MS.  In the new method, methylmercury and other forms of mercury are ethylated creating volatile mercury species that are trapped on a polymer.  The ethylated mercury species are released from the polymer, separated via gas chromatography, and introduced directly to the ICP-MS.  We found that analysis time could be reduced with this method and in the future the method will be further refined by using isotopically-labelled methylmercury as an internal standard.

