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Lunch and Learn Presentation Abstracts 
Listed in order of presentation 
 

Investigation of Pyrazinamide Mechanism of Action for Tuberculosis Using Metabolomics  
Steven M. Fischer1, Yuqin Dai1, Travis E. Hartman2, Christine A. Miller1, and Kyu Y. Rhee2,3 
1Agilent Technologies, 5301 Stevens Creek Blvd, Santa Clara, CA 95051, 2Division of Infectious 
Diseases, Department of Medicine, and 3Department of Microbiology and Immunology, Weill Cornell 
Medical College, New York, NY 10065, USA 

Tuberculosis (TB) is both the leading cause of deaths due to an infectious disease and the leading 
cause of deaths due to a curable disease1. However, drug resistance is increasing while the pipeline 
of new drugs stagnates, and knowledge of existing drugs remains incomplete. Pyrazinamide (PZA) is 
a frontline TB drug whose mechanism of action remains among the most poorly understood. Here, we 
present a high-performance ion-pairing reversed-phase (IP-RP) Q-TOF LC/MS method that has 
enabled the biologically unbiased study of the impact of PZA on the Mycobacterium tuberculosis 
metabolome. Coupled with batch feature extraction and multivariate statistical analysis software, this 
workflow enabled the discovery of activity-specific metabolic changes that may help explain PZA’s 
unique metabolic effects. 
 
Untargeted lipid profiling in differentially activated macrophages 
Suraj Dhungana (1), Andy Baker (1), Ian Hines (2), Michael Wheeler (2) 
1) Waters Corporation, Milford, MA, USA   
2) Department of Nutrition Science, East Carolina University, Greenville, NC 
 
Macrophage polarization and activation is critical to host response and repair. Polarization of 
macrophage results in either classical activation (M1) or an alternative activation (M2) with distinct 
metabolic phenotypes. Classically activated (by IFN-γ or LPS) M1 sate results in a pro-inflammatory 
response during host defense, while M2 activated (IL-4, IL-10, or IL-13) state results in increased 
polyamine or proline levels to induce collagen production needed for tissue repair. Available energy 
source has been hypothesized to preferentially drive the polarization to M1 or M2 states.  Here we 
investigate the lipid expression profile from resting (M0) and differentially activated (M1 and M2) 
macrophages in the presence and absence of fatty acid as energy source. 
Lipids extracts from differentially activated macrophages were chromatographically separated on a 
Waters Acquity Ultra Performance Liquid Chromatography (UPLC) system. Untargeted lipid profiling 
was performed in positive and negating ESI modes on a high resolution Xevo G2-XS mass 
spectrometer using SONAR, a novel quadrupole scanning data independent acquisition (DIA) method. 
Rapidly scanning quadrupole allows for the generation of both qualitative and quantitative data, while 
a tunable quadrupole transmission window enables the generation of clean MS/MS fragment ion 
information needed for confident. Untargeted lipidomics data was analyzed using Progenesis QI to 
identify differentially expressed lipids. Furthermore, untargeted SONAR data was extracted in a 
targeted fashion using Skyline to quantify the lipid expression level between the resting (M0) and the 
activated forms (M1 and M2).  
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Enabling Next Generation Metabolomics by Going Beyond the Molecular Realm 
Michael L. Easterling, Christopher J. Thompson, Matthias Witt, Aiko Barsch, Sven Meyer 
Bruker Daltonics 
 
The immense complexity of metabolites in clinical samples is traditionally simplified and interpreted by 
mass spectrometry through hybridization with GC or LC.  While these strategies are analytically 
proven, there is a significant time penalty involved that can limit sample throughput and loss of 
mixture species not compatible with the stationary phase.  Here we present an innovative workflow 
for analysis at the molecular level that utilizes Flow Injection Analysis (FIA) with ultra-high resolution 
magnetic resonance mass spectrometry (MRMS).  In this strategy, metabolite identification is based on 
high mass accuracy (<500 ppb), and when available, Isotopic Fine Structure (IFS), resulting in principle 
only one possible molecular formula for the detected metabolite.  This workflow seamlessly integrates 
into a variety of analytical strategies that fold in orthogonal techniques such as NMR for full 
confidence in feature identification.  

 
Oral Presentation Abstracts 
 
Wednesday, May 16th; Session 1A 
Listed in order of presentation 
 
Accurate Identification of Known and Unknown Metabolites in Gallbladder Bile by 
Multidimensional NMR and Customized Metabolite Database 
Cheng Wang,1 Bo Zhang,1 Árpád Somogyi2, István Timári1, Da-Wei Li,2 Lei Bruschweiler-Li,2 John 
Gunn,3 Ewy Mathé,4 and Rafael Bruschweiler1,2,5* 
1Department of Chemistry and Biochemistry, 2Campus Chemical Instrument Center, 3Department of 
Microbiology, 4Department of Biomedical Informatics, 5Department of Biological Chemistry and 
Pharmacology, The Ohio State University, Columbus, OH 43210, U.S.A.  

Salmonella Typhi, the etiologic agent of typhoid (enteric) fever, is a human systemic disease that is 
responsible for an estimated 21 million new infections annually. Up to 5% of individuals infected with 
S. Typhi become chronic carriers, where the prime location of persistent infection is the gallbladder 
(GB). Identification of unknown and known metabolites in bile extracted from GB plays crucial role in 
understanding the pathogenic mechanisms or metabolic processes for further therapeutic purposes. 
To improve the identification accuracy of unknown and known metabolites in the bile extracted from 
GB beyond the scope of current spectroscopic databases, we designed an efficient, customizable 
method by combining 2D & 3D NMR with specifically curated metabolite database information, similar 
to the SUMMIT approach [1,2]. First, experimental chemical shifts of each compound were extracted 
from 2D & 3D NMR spectra by the maximum clique method [3]. In parallel, a unified metabolite 
database was curated that incorporates information from several public metabolite databases 
followed by the prediction of the metabolite 1H and 13C NMR chemical shifts using an empirical NMR 
predictor. The compound candidates were then rank-ordered by comparing predicted with 
experimental chemical shifts. The method is demonstrated for an untargeted analysis of mouse bile 
fluid containing both known and unknown hydrophilic metabolites. In this way, a substantial number of 
previously known metabolites can be accurately identified along with unknown metabolites, 
independent of any experimental NMR database information. In addition, functional enrichment 
analysis is performed to transform the list of all identified metabolites into a set of metabolic pathways. 
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A flavoromics approach in determining key chemical markers in coffee beans that have significant 
impact on coffee brew flavor quality 
Sichaya Sittipod and Devin Peterson 
The Ohio State University 
Current industrial methods to determine green bean quality does not adequately predict the coffee 
brew flavor quality.  Developing methods that accurately and reliably predict the coffee flavor quality 
based on green bean chemistry is of great importance for the industry as consumer demand for 
premium coffee has been steadily increasing.  This project utilizes a comprehensive untargeted 
chemical profiling approach (flavoromics) to identify chemical ‘markers’ in both green coffee beans 
and coffee brew that influence coffee brew quality.  In brevity, green coffee beans of different grade 
quality were sourced and their subsequent brews were evaluated for cup quality score by industrial Q 
graders.  Comprehensive UPLC/MS chemical fingerprints of green coffee beans and coffee brew 
were collected and modeled to predict the cup score.  High quality models using principle 
component analysis (PCA) and orthogonal partial least squares (OPLS) were developed with good fit 
(R2 > 0.9) and good predictive ability (Q2 > 0.9). Highly predictive chemical markers that are negatively 
and positively correlated to cup scores were subsequently isolated and purified by multi-dimension 
LC/MS. Initial sensory studies revealed sensory activity of each marker individually in water at their 
natural concentration. MS/MS experiments were performed in negative and positive ESI mode to 
obtain comprehensive fragmentation information for each marker. Structural elucidation of a negative 
correlating compound 333.2064 m/z is ongoing, however analysis of both fragmentation information 
and 1D and 2D NMR experiments point to key structural elements which are characteristic to the 
diterpene, ent-kauran-oic acid family of natural products. A sensory recombination study with 
industrial Q graders will validate the role of these selected markers on coffee quality.  
 
Identification of Pseudomonas spp. VOCs for use in biocontrol of nematodes  
Rebecca Kimmelfield and Christopher G. Taylor 
Center for Applied Plant Sciences, Ohio State University, Wooster, OH 44691 
Numerous strains of the bacterial genus Pseudomonas have been shown to be effective as 
biocontrol agents of plant-pathogenic nematodes, bacteria, and/or fungi.  Biocontrol activity of 
Pseudomonads has been linked to their ability to produce secondary metabolic compounds such as 
2,4-DAPG, phenazines, and hydrogen cyanide (HCN).  Of particular interest in this study are those 
antagonistic compounds produced by the bacteria that are volatile in nature. In the rhizosphere, 
Pseudomonas may not have direct contact with the pathogens but the volatiles they produce may 
have a role in reducing pathogen activity. We hypothesize that bacterial volatiles such as HCN 
contribute to the Pseudomonas’ pathogenic-suppressive activity in the rhizosphere. We have 
determined the volatile organic compound (VOC) profiles of Pseudomonas isolates utilizing proton 
transfer reaction time-of-flight mass spectrometry (PTR-tof-MS). In this technique, volatile compounds 
are protonated, and metabolite identification is done based on the protonated mass. PTR-tof-MS is 
sensitive, with the capability of measuring compounds at parts per billion by volume, and fast, with 
experimental run times of just a few minutes. We show that volatile profiles vary among the different 
Pseudomonas strains tested, both in total amount and diversity of VOCs produced. Multiple VOCs 
including cyanides (HCN, methyl thiocyanate) and organosulfur compounds (methanethiol, dimethyl 
sulfide, dimethyl disulfide) have been putatively identified.  Our preliminary research shows that in 
shared air experiments, many of these Pseudomonas strains can negatively affect the growth and 
development of the bacterial-feeding nematode, Caenorhabditis elegans. Future work includes 
exposing individual VOCs to C. elegans and plant-parasitic nematodes (Heterodera glycines and 
Meloidogyne incognita) to identify how these compounds may affect nematode lethality and 
reproduction. 
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Wednesday, May 16th; Session 1B 
Listed in order of presentation 

Elucidation of Engine Oil Deposits of Mass Spectrometry Methods 
Snyder, Savannah R.; Wesdemiotis, Chrys 
The University of Akron 
 
MALDI-MS/MS (Bruker UltraFlex III, Bruker, Billerica, MA) and ESI-IM-MS/MS (Synapt G1 HDMS, Waters, 
Milford, MA) were used for analysis of engine oil deposits. The low molecular weight polymers were 
first analyzed by MALDI and tandem mass spectrometry was carried out by the LIFT fragmentation 
technique to elucidate end groups. As many different polymers were present (polymer blend) 
Kendrick Mass Defect (KMD) plots were used to differentiate the different polymers present in the 
same sample. ESI-IM-MS was done for further analysis. Upon MALDI-MS analysis, it was apparent that 
many low molecular weight polymers were present. Using data processing, namely KMD plots, 
various polymers were separated. This is especially useful with the inherent amount of peak data from 
polymeric oligomers, but even more-so when there are multiple polymers in a blend, in the same 
sample. It was found that poly(methyl methacrylate), poly(isobutylene), and either poly(propylene 
glycol) or poly(ether amine) are present in these types of samples. Using this polymer information, the 
samples were solubilized for ESI-IM-MS analysis. Tetrahydrofuran (THF) and other suitable solvents for 
these type of samples did not provide useable ESI spectra. Figuring out which polymers were present 
first and then basing ESI sample preparation on these data was the most efficient way to analyze the 
samples. Utilizing different cationizing agents and solvents, these polymer blends were then studied 
by ion mobility, showing promising separation by this technique. Different additives harbor different 
properties. Viscosity modifiers (VMs), for example, reduce an oil’s susceptibility to a change in 
viscosity in response to an increase in heat by uncoiling to maintain thickness. This works by allowing 
the heat to cause a change in the overall structure of the polymer. This change in structure will be 
probed by collision induced unfolding (CIU) to better understand this function of the main additive in 
engine oils. 
 
Improved RNA modification mapping through generation of overlapping digestion products 
Priti Thakur, Patrick Limbach and Balasubrahmanyam Addepalli 
Rieveschl Laboratories for Mass spectrometry, University of Cincinnati, Cincinnati OH 
 
The nucleotides of RNA are enzymatically modified with >150 types of chemical groups. They have 
been reported to play multiple roles in translation, cell regulation, catalytic activity and RNA stability [1]. 
Alterations in modification patterns are associated with various human diseases [2]. To assign a 
definitive role to a modification, precise identification and mapping of its location on the overall RNA 
sequence is required. Ribonucleases (RNase) are useful tools in mapping the location through a 
process referred to as RNA modification mapping [3]. In this technique, the RNA is initially digested 
with a nucleobase specific ribonuclease and the resulting digestion products are analyzed by liquid 
chromatography coupled with mass spectrometry (LC-MS). Guanosine specific Rnase T1 is the 
commonly used enzyme in RNA modification mapping. But this enzyme alone is not sufficient to 
provide full coverage especially from G-rich regions of modified sequence. We will present an 
improved method of mapping chemical modification in RNA. We present the data acquired with 
Escherichia coli total tRNA, where three nucleobase-specific ribonucleases T1, MC1(uridine specific) [4] 
and Cusativin (cytidine specific) were employed. We will present evidences that show the 
reconstruction of modified RNA sequence from the overlapping digestion products.  
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Surface-induced dissociation ion mobility mass spectrometry and crosslinking reveals different 
quaternary structures of anthranilate synthase homologs  
Andrew Norris1, Florian Busch1, Florian Semmelmann2, Aniruddha Sahasrabuddhe1, Maximilian G. 
Plach2, Reinhard Sterner2, and Vicki H. Wysocki1 
1 Department of Chemistry and Biochemistry, Ohio State University, OH 43210 Columbus, USA  
2 Institute of Biophysics and Physical Biochemistry, University of Regensburg, D-93040 Regensburg, 
Germany  

Most protein structures that are deposited in the RCSB protein data bank (pdb) have been solved by 
X-ray crystallography. This technique can provide atomic-resolution details for all protein-protein 
interactions within a protein crystal. However, it is often challenging to distinguish between 
physiologically relevant interactions and those formed during the crystallization process. Recent 
investigations suggest that quaternary structure misinterpretation and misrepresentation occurs in 
approximately 15% of all structures in the pdb.1 Identifying the physiologically relevant quaternary 
structure of a protein complex is pivotal for correct conclusions on biological function. We 
demonstrate that information on protein complex stoichiometry and topology can be easily obtained 
by native mass spectrometry (native MS) in conjunction with ion mobility and surface-induced 
dissociation and that cross-linking experiment can further refine that information. We chose to 
investigate homolog anthranilate synthases because of their important function as metabolic branch 
point enzyme complexes, essential for the growth of micro-organisms and plants. Interestingly, the 
anthranilate synthases from Sulfolobus solfatarius and Salmonella typhimurium have been described 
as (TrpGE)2 hetero-tetrameric complexes with strikingly different quaternary structures based on X-ray 
data interpretation.2-3 Our native MS experiments confirmed that both anthranilate synthase are 
indeed (TrpGE)2 hetero-tetrameric complexes. Sub-complexes generated by surface-induced 
dissociation suggest that the tetramerization of TrpG-TrpE dimers is mediated exclusively by an 
interaction between the TrpG subunits in the S. solfataricus anthranilate synthase, whereas it is mainly 
mediated by an interaction between the TrpE subunits in the anthranilate synthase from S. 
typhimurium. These findings were further confirmed by disuccinimidyl sulfoxide (DSSO) crosslinking 
experiments. Our work strongly supports the hypothesis that differences in the regulation of 
enzymatic activity in the anthranilate synthases from S. solfataricus and S. typhimurium are the result 
of quaternary structure differences. 
 
Thursday, May 17th; Session 2A 
Listed in order of presentation 

Multiomic Approach to Characterize Sperm Maturation 
Miranda L. Gardner1,2*, So Maezawa3,4*, Michael A. Freitas1,2, Satoshi H. Namekawa3,4 
1Department of Cancer Biology and Genetics, The Ohio State University Wexner Medical Center, 
Columbus, OH 43210, USA 2Comprehensive Cancer Center, The Ohio State University, Columbus, 
Ohio 43210, USA 3Division of Reproductive Sciences, Division of Developmental Biology, Perinatal 
Institute, Cincinnati Children’s Hospital Medical Center, Cincinnati, OH 45229, USA, 4Department of 
Pediatrics, University of Cincinnati College of Medicine, Cincinnati, OH 49267, USA 

Current literature reports that up to 15 % of couples are unable to conceive and 2.5-12 % of men 
worldwide are infertile. Male infertility can be caused by many factors including hormone imbalance, 
genetic disease, stress and exposure to toxins/environmental hazards. The production of functional 
sperm cells involves the precise expression of spermatogenesis-specific genes to differentiate from 
diploid spermatogonia to haploid sperm. Massive cellular reconstruction and chromatin remodeling  
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take place to ensure key stages during spermatogenesis. The aim of this study was to develop a 
robust workflow to profile the proteogenomic changes that occur during the four stages of sperm 
maturation: spermatogonia, pachytene spermatocyte, round spermatid and sperm. We combined 
RNA-sequencing and bottom-up high-resolution liquid chromatography tandem mass spectrometry 
(LC-MS/MS) to characterize the dynamic process of spermatogenesis. Whole cell proteomics enabled 
identification of approximately 1,500 protein groups for each stage of spermatogenesis and 2,974 
total protein groups across all samples (total N=16). The RNA-seq results identified massive changes in 
the transcriptome during the mitosis-to-meiosis transition of spermatogenesis. The corresponding 
proteomics study added to these results by revealing the protein turnover at these transitions. The 
Multi-Spec bioinformatics pipeline revealed that sperm cells undergo extreme changes in the global 
chromatin landscape during the mitosis to meiosis transition of spermatogenesis or from 
spermatogonia (Gonia) to pachytene sperm (PS); number of significant differentially expressed 
proteins: Gonia vs PS 1101 (q-value threshold ≤ 0.05). Additionally, sperm cells in the meiotic stages of 
spermatogenesis, pachytene spermatocyte (PS) and round spermatid (RS) were more closely related 
to one another than to late stage of spermatogenesis or mature sperm: PS vs RS 139, PS vs Sperm 
1860 and RS vs Sperm 1841 (q-value ≤ 0.05). We report the first study to apply a multiomic approach, 
profiling proteogenomic changes, during the dynamic process of sperm maturation. 
 
Weight Loss in Mice and Its Impact on Adipose Tissue Inflammation and Visceral Adipocyte 
Metabolomics 
Alecia Blaszczak1, Willa Hsueh1, Matthew Bernier2, Árpád Somogyi2 
1Diabetes and Metabolism Research Center, Department of Internal Medicine, OSU, 2Campus 
Chemical Instrument Center, Mass Spectrometry and Proteomics Facility, OSU 

Obesity is a growing epidemic characterized by the expansion of visceral adipose tissue (AT) leading 
to worsening metabolic outcomes. The immune cells within AT are increasingly appreciated to 
contribute to the inflammatory-mediated complications of obesity including insulin resistance. 
Regulatory T cells (Tregs) are important immunosuppressive T cells within the AT and loss of these 
cells in obesity contributes to the development of insulin resistance. In human studies, we found that 
adipose Treg abundance was associated with adipocyte expression of mitochondrial fatty acid 
oxidation genes. The objective of this project is to determine the impact of weight gain and 
subsequent weight loss on 1) AT Tregs and macrophages and 2) adipocyte inflammation and 3) 
lipidomics. C57/Bl6 mice were placed on chow or high fat diet for 12 weeks (HFD, 60%fat) and then 
maintained on or switched to chow. AT Tregs and macrophages were analyzed via flow cytometry 
and lipidomics (HPLC-QE mass spectrometer) and quantitative PCR was carried out on the adipocytes. 
During weight gain, Tregs are depleted and the adipocyte and macrophages become more 
inflammatory. Returning the animals to chow normalizes the weight and body fat; despite this, animals 
remain more insulin resistant. Based on flow and qt-PCR analysis, we can see that Treg and 
macrophage numbers return to chow levels, but the ILC2 cells and the adipocyte gene expression do 
not. Lipidomics analysis demonstrated that obese vs. lean adipocytes contain greater amounts of 
ceramide, diacylglycerol and fatty acids, while lean contain more phosphatidylethanolamine, 
phosphatidylinositol, sphingomyelin and carnitine measured as a percent of total differentially 
expressed lipids. Thus, the adipocyte lipid composition and heightened inflammatory state may be 
involved in the maintenance of insulin resistance despite normalization of body weight. These 
observations impact obesity followed by weight loss and the potential for complications. 
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Protein-Protein Interaction Specificity for Computationally Designed Hetero-Dimers: Ion Exchange 
Chromatography (IEX) Coupled to Native Mass Spectrometry (MS) 
Mengxuan Jia1; Florian Busch1; Zachary VanAernum1; Aniruddha Sahasrabuddhe1;  
Zibo Chen2; Scott Boyken2; David Baker2; Vicki H. Wysocki1 
1The Ohio State University, Columbus, OH; 2University of Washington, Seattle, WA 

De novo designed hetero-oligomeric protein complexes with high protein-protein interaction (PPI)  
can serve as logic gates and provide the means for the development of molecular machines. 
Although it is possible to design and produce many protein complexes, suitable characterization 
methods with high fidelity and throughput have not been available. Native mass spectrometry can 
overcome this limitation and be used as a high-throughput method to identify PPI specificities with the 
preservation of the non-covalent PPIs. By combining online separation and tandem MS, our approach 
provides the tools to characterize the interaction specificity for large sets of designed hetero-
oligomeric proteins. Heterodimeric proteins were designed by Zibo Chen (Baker lab) with the aim of 
generating highly specific PPI. Heterodimers with expected native MS spectra are included in a mixing 
experiment. Several sets of heterodimers were mixed with equimolar ratio, following denaturation and 
refolding to verify the specificity. If no off-target binding involved, the design is considered highly 
specific. The exchange between the subunits for light- and heavy-labeled protein-dimers ZCON13 and 
ZCON13_N15 was monitored as a control for complete disassembly during denaturation in 5 M 
Guanidinium chloride and re-assembly during dialysis against 150mM ammonium acetate. As 
expected, both original pairs and exchanged pairs ZCON13A:ZCON13_N15B, 
ZCON13_N15A:ZCON13B were identified. Ion exchange chromatography provided good separation 
for those protein mixtures using an optimized salt gradient for elution. To increase the confidence for 
unambiguous dimer identification, experiments were also performed with all-ion fragmentation. 
Dimers with both chain A and B (as fragments) detected at the same retention time were considered 
to be identified with high confidence. Designs that showed low interaction specificity were ruled out 
from subsequent rounds of mixing experiments. Finally, 20 designs with limited exchanges were 
selected as highly specific dimers for the final stage mixing experiment. 
 
Green tea reduces metabolic endotoxemia in nonalcoholic steatohepatitis in association with 
altered relative abundance of bile acids and phosphatidylcholine metabolites 
Geoffrey Y. Sasaki,1 Jinhui Li,1 Morgan J. Cichon,2 Ken M. Riedl,3,4 Rachel E. Kopec,1,2 Richard S. Bruno1 
1Human Nutrition Program, The Ohio State University, Columbus, Ohio; 2Foods for Health Discovery 
Theme, The Ohio State University, Columbus, Ohio; 3Nutrient and Phytochemical Analytics Shared 
Resource, The Ohio State University, Columbus, Ohio; 4OSU Comprehensive Cancer Center, The 
Ohio State University, Columbus, Ohio 

Green tea extract (GTE) lowered hepatic NFκB-mediated inflammation during nonalcoholic 
steatohepatitis (NASH) in association with increased intestinal tight junction proteins that limit 
metabolic endotoxemia. From these mice, our objective was to identify shifts in the global hepatic 
metabolome that are potentially responsible for alleviating metabolic endotoxemia and NFκB-
mediated inflammation during NASH. Male C57BL/6J mice were fed a low-fat (LF) or high-fat (HF) diet 
for 12 wk to induce NASH. They then continued on these diets supplemented with 0 or 2% GTE (n = 
10/group) for an additional 8 wk prior to assessing hepatic metabolomics profiles by liquid 
chromatography-quadrupole time-of-flight mass spectrometry. Principal component analysis indicated 
that GTE in HF-fed mice restored the hepatic metabolome that was otherwise shifted away from LF-
fed mice. Compared with HF controls, 129 metabolites were altered (≥2-fold; P<0.01) in response to 
GTE. Features that were putatively identified include phosphatidylcholine catabolites (e.g. 
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lysophosphatidylcholine, glycerophosphocholine) and primary and secondary bile acids (e.g. 
muricholic acid, sulfoglycolithocholate). GTE in HF mice decreased (P<0.05) the relative abundance of 
phosphatidylcholine catabolites that were otherwise increased in HF controls. Compared with HF 
controls, GTE increased bile acids and decreased hepatic cholesterol to levels not different from LF 
mice. Phosphatidylcholine metabolites were positively correlated with hepatic phosphorylated p65 
and malondialdehyde (r = 0.58-0.63). Bile acids were inversely correlated with serum endotoxin (r = -
0.68 to -0.71) and phosphorylated p65 (r = -0.47 to -0.56). Bile acids were also positively correlated 
with mRNA expression of duodenal occludin, zonula occluden-1, and claudin-1 and ileal occludin and 
claudin-1 (r = 0.36-0.46). These findings suggest that metabolic shifts by GTE alleviate NFκB 
inflammation in NASH by enhancing gut barrier function in association with improvements in bile acid 
metabolism and limiting lysophosphatidylcholine-mediated hepatic injury. 
 
Thursday, May 17th; Session 2B 
Listed in order of presentation 

Integrated Mass Spectrometry Platform Enables Picomole-Scale Real-time Electrosynthetic 
Reaction Screening and Discovery 
Qlongqlong Wan1, Suming Chen2, Abraham K. Badu-Tawiah1 
Department of Chemistry and Biochemistry, The Ohio State University, Columbus, Ohio 43210, USA; 
Department of Neurology, School of Medicine, The Johns Hopkins University, Baltimore, MD 21287, 
USA 

Electroorganic synthesis is a promising modern synthetic tool and has attracted much attention. This 
is because electroorganic reactions not only represent a cost-efficient and sustainable “green 
chemistry” method, but more importantly, they provide outstanding selectivity and reactivity, allowing 
the formation of products that are sometimes not accessible via conventional methods. However, the 
insufficient number of reaction types when compared with traditional organic reactions have restricted 
the widespread application of electrosynthesis. Therefore, the development of miniaturized screening 
procedures/platforms to expedite the discovery of electrooxidation reactions is necessary and 
challenging. Herein, we developed an integrated system that serves as a reactor and ion source in a 
single experimental step using only picomole-scale reactants to monitor electrooxidation in real-time. 
This reaction screening platform utilizes the intrinsic electrochemical capabilities of nano-electrospray 
ionization mass spectrometry. We validated the feasibility of this method by reproducing three known 
electrochemical reactions. C, C-dehydrodimerization of N, N-dimethylaniline (DMA), C, N-
polymerization of aniline and N, N-dehydrodimerization of β-carboline were studied. The 
electrooxidative conversions and intermediates could be detected within a few minutes. The matched 
results of bulk reactions in an undivided electrolytic cell indicated the potential of this nESI MS 
apparatus as a direct and rapid screening platform for electrochemical transformations. It is well 
known that Quinoline-based anticancer drugs have a strong position in modern medicinal chemistry. 
From the platform, We discovered the new electroorganic reaction pathways: C-N 
dehydrodimerization of 8-methyl-1,2,3,4-tetrahydroquinoline to construct novel quinoline skeleton. 
Moreover, the radical cations and key intermediates captured by this platform provided direct 
evidence for the mechanism of these novel electrochemical reactions.To further extend the 
application of this screening platform, we investigated the reaction of tetrahydroisoquinolines and 
expect a new conversion pathway. We discovered TEMPO-mediated accelerated electrooxidative 
dehydrogenation of tetrahydroisoquinolines and further investigated the possible mechanism on the 
platform. 
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Determining Covalently Crosslinked Polymer Connectivities by ASAP-MS 
Kevin J. Endres, Rodger A. Dilla, Matthew L. Becker, Chrys Wesdemiotis 
Department of Polymer Science, University of Akron 

Functional materials comprising crosslinked (co)polymer networks with high molecular weights (>100 
kDa) such as rubbers and hydrogels, cannot be ionized and examined in intact form by mass 
spectrometry and are also difficult to characterize by other analytical methods.  Information about the 
composition of these compounds has traditionally been gained via high temperature (>500 °C) 
thermal desorption/degradation, followed by mass spectrometry (MS). The development of the 
atmospheric solids analysis probe (ASAP) ionization source provides an alternative means for 
elucidating the microstructures of this important class of materials when coupled with MS. The oxime 
hydrogel was prepared from 4-arm poly(ethylene oxide) (PEO) terminated with levulinic acid (10 kDa 
total molecular weight) plus 4-arm PEO terminated with aminooxyacetic acid (10 kDa) via kinetic 
crosslinking. Additional gels were formed from PEO and poly(propylene fumarate) (PPF) block 
copolymers, and PEO diacrylate, which were crosslinked via UV radiation. The ASAP probe contains a 
heated capillary in which samples were deposited for thermal desorption/degradation, and then the 
capillary was heated by a stream of nitrogen gas with increasing temperature adjustments over 
uniform time intervals. The nitrogen gas temperature was changed at intervals of 20°C/min over a 
period of 20 min, and a temperature range of 100-500 °C. The ASAP source is operated at low 
temperatures (≤500 oC), yielding not only monomeric but also oligomeric species that provide 
molecular connectivity detail. ASAP-MS gave rise to several structurally indicative ion distributions 
between m/z 400 and 1000, including ion series revealing intact crosslinking chemistries based on 
their end groups, as well as series verifying the presence of defects (“loose ends” or unreacted ends). 
The ASAP-MS data allowed us to compare the nature and relative amount of defects in oxime 
hydrogels formed under different kinetic conditions, which is presently impossible but necessary for a 
meaningful correlation between structure and mechanical properties.  

Interrogating the conformation of HIV-1 Gag and its stoichiometry of binding to genomic RNAs  
Samantha Hinckley1 , Erik D. Olson1,2 , Karin Musier-Forsyth1,2, Vicki H. Wysocki1, 
Chemistry and Biochemistry, The Ohio State University, 100 West 18th Ave., Columbus OH, 43210-
1340 OSU 
Center for Retrovirus Research, The Ohio State University,127N Veterinary Medicine Academic 
Building, 1900 Coffey Road, Columbus, OH 43210 

Gag, the main structural protein in HIV-1 virions, can bind nucleic acids and form virus-like particles. 
This promiscuous RNA-binding protein nonetheless selectively and efficiently packages the dimeric 
HIV-1 genome from amongst a vast excess of host RNAs. Gag recognizes and binds with high 
specificity to the Psi element within the 5’-untranslated region of genomic RNA. At least three motifs 
within Psi contribute to specific HIV-1 Gag interactions: two G-rich bulges within stem-loop 1 (SL1) and 
single-stranded G residues that flank SL3. It was determined via fluorescence anisotropy that as the 
concentration of ammonium acetate increased from 50 mM to 500 mM, the KD of Gag∆p6 for non-Psi 
RNA  (TARpolyA(A34U)) increased from 340 nM to 9 μM. In contrast, under identical conditions, the KD 
of Gag∆p6 for Psi∆DIS (a monomeric form of the Psi element) increased from 8 to 39 nM. These data 
indicate that electrostatic interactions play a more dominant role in Gag:non-Psi interactions than in 
Gag-Psi interactions, consistent with previous studies using NaCl. Native mass spectrometry analysis 
of Gag∆p6 alone on a QE+EMR Orbitrap platform revealed that multiple molecular weight species 
were present near the theoretical molecular weights of Gag∆p6 monomer and dimer. This was further  
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investigated by ion mobility MS on a G1 QTOF platform. The ion mobility data from the G1 indicated 
that the full-length Gag∆p6 occupies two distinct drift time distributions, consistent with the multiple 
conformations Gag has previously been shown to adopt. The protein-RNA complexes were analyzed 
on the QE+EMR. The Gag∆p6-Psi∆DIS complex presented a 3:1 Gag∆p6:Psi∆DIS stoichiometry. In 
contrast, the Gag:TARpolyA(A34U) complex mixture showed an abundance of monomeric 
TARpolyA(A34U) and some 1:1 Gag∆p6:TARpolyA(A34U) complex. These data are consistent with a 
model where Psi RNA supports a greater Gag binding stoichiometry than non-psi RNA, which could 
nucleate virion formation and ensure packaging of genomic RNA. 
Native mass spectrometry has revealed the stoichiometry of genomic HIV-1 GagΔp6:RNA interactions. 
providing insight into packaging of genomic HIV-1 RNA. This is the first direct readout of Gag binding 
stoichiometry on specific segments of the HIV-1 genomic RNA. 
 
Differentiating Positional Isomers of Nucleoside Modifications by Higher-Energy Collisional 
Dissociation Mass Spectrometry 
Manasses Jora, Andrew Burns, Robert Ross, Peter Lobue, Ruoxia Zhao, Balasubrahmanyam 
Addepalli, Patrick A. Limbach 
Rieveschl Laboratories for Mass Spectrometry, Department of Chemistry, University of Cincinnati, 
Cincinnati, Ohio 45221 

The goal of this work was to establish an analytical platform that can be used for the identification and 
characterization of RNA post-transcriptional modifications that would be independent (or significantly 
less dependent) of separation techniques. The analytical identification of positional isomers (e.g., 3-, 
N4-, 5-methylcytidine) within the >160 different post-transcriptional modifications found in RNA1 can be 
challenging. Conventional liquid chromatography coupled with tandem mass spectrometry (LC-
MS/MS) approaches rely on chromatographic separation for accurate identification because the 
collision-induced dissociation (CID) mass spectra of these isomers nearly exclusively yield identical 
nucleobase ions (BH2

+) from the same molecular ion (MH+).2,3 Higher-energy collisional dissociation 
(HCD) with its potential ability to subject molecular ion to multiple fragmentation pathways and 
capability to trap low m/z (mass/charge) ions4 could help in detection of structure-dependent 
additional fragmentation products. We have found that HCD-based dissociation of modified 
ribonucleosides during standard LC-MS/MS analysis generates nucleoside-specific product ion 
fingerprints. These fingerprints can be used in a standard constant-neutral loss mode technique for 
nucleoside identification. Importantly, positional isomers of modified nucleosides are readily 
differentiated based on these fingerprints. Moreover, even in those cases where positional isomers 
co-elute, individual fingerprints can be deconvoluted from the mixture data to identify which isomers 
are present. These fingerprints are insensitive to chromatographic conditions, precursor ion 
abundance and sample matrix. Thus, an accurate identification of the different nucleoside positional 
isomers is feasible based solely on mass spectrometric features through HCD-based MS/MS spectral 
matching.   
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Poster Presentation Abstracts 
 
(1) New Chemical Reagents for LC/MS Multiplexing of Oligonucleotides 
Scott T. Abernathy, Kayla M. Borland, and Patrick A. Limbach 
Rieveschl Laboratories for Mass Spectrometry Department of Chemistry, University of Cincinnati   

Multiplexing is an important strategy in mass spectrometry (MS) to determine relative quantitative 
differences in samples simultaneously. This strategy has been applied to proteins quite extensively, 
but is less developed for oligonucleotides. The main difficulty in multiplexing is finding reagents that 
contain enough mass difference to be analyzed simultaneously by MS, have no overlapping signals, 
and ionize in a similar way. Previously, in 2013, Siwei Li demonstrated labelling RNA using an RNase 
and O18 labeled water; however, this only gives a mass difference of 2 Da.[1] The current project 
focuses on a way to multiplex RNA by synthesizing alkyne-based reagents that give larger mass 
differences in the -2 and -3 charge states. The RNA fragments from an RNase digest are extended 
using Poly(A) Polymerase which can add an azido-modified nucleoside to the 3’-terminus of the 
sequence. These alkynes are then attached to the RNA fragments using copper assisted click 
chemistry. With these alkyne tags, two or more different sets of RNA fragments can be analyzed 
simultaneously. 
 
(2) Multi-omics Profiling of LKB1 Mutant NSCLCs Cells to Characterize Deregulated Pathways 
Contributing to Tumorigenesis 
Bernice Agana1, Michael Koenig2, Joseph Amann2, David Carbone2, Vicki Wysocki1 
1 Department of Chemistry and Biochemistry, The Ohio State University, Columbus, OH 43210 2 
Department of Internal Medicine, The Ohio State University, Columbus, OH 43210   

Lung cancer increasingly contributes to the morbidity and mortality rates worldwide and Non-Small 
Cell Lung Cancer (NSCLC) accounts for about 85% of all reported lung cancer cases.  
The tumor suppressor LKB1 is mutated in 20-30% of NSCLCs and is the 3rd highest mutated gene in 
lung adenocarcinoma. LKB1 is a serine/threonine kinase that regulates cell polarity, energy 
metabolism, survival, and growth. Experimental evidence suggests LKB1 as a key player in 
tumorigenesis and metastasis, however such mechanisms are unknown. We report here the use of 
NSCLC human lung cancer cell lines expressing LKB1 and their corresponding knock-out cells (LKB1 -
/-) to unravel perturbations in cellular metabolism and signaling pathways in NSCLC. Proteomics and 
Phosphoproteomics data reveal the possible role of LKB1 as a DNA damage sensor and a regulator of 
the cell cycle via cyclin dependent kinases. In our ongoing experiments, we are studying the effect of 
LKB1 mutation in the regulation of the cell cycle. Metabolomics data reveal probable deregulation of 
the Keap1-Nrf2 pathway via sulfur-containing compounds and glutathione that influence cellular redox 
state and cellular capacity to scavenge reactive oxygen species. The Keap1-Nrf2 pathway is also 
observed in our proteomics data via the expression of Nrf2-dependent gene products such as 
sulfiredoxin-1, superoxide dismutase, and glutathione transferase. The expression of these antioxidant 
proteins may regulate redox signaling in LKB1 deficient cells to promote tumor growth. The 
metabolomics data also reveal the kynurenine pathway of tryptophan metabolism. Tryptophan 
catabolism to kynurenine has been implied to contribute to immune dysfunction in humans, and 
patients with LKB1 deficient lung cancers have been reported to be resistant to immunotherapy. 
Currently we are investigating the role of LKB1 in immune suppression using mouse models and 
resected lung tumor samples. Our preliminary data show the value of using a multi-omics approach to 
study deregulated pathways in cancer. 
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(3) A Novel Labeled Metabolomics Workflow applying Isotope Ratio Outlier Analysis (IROA) and 
SWATH® Acquisition for Unambiguous Compound Identification 
Randy Arnold1, Chris Beecher2,3, Felice A. de Jong3, Chris Hodgkins4, and Baljit K. Ubhi5 
Affiliations 
1SCIEX, USA, 2IROA Technologies, Boston, MA, USA, 3University of Florida, Gainesville, FL, USA, 
4SCIEX, Australia & New Zealand and 5SCIEX, Redwood City, Ca, USA 

Metabolomics focuses on the chemical processes central to cellular metabolism.  Mass spectrometry 
and specifically data dependent workflows tend to be the choice for the measurement of these 
metabolites.  Data independent techniques such as SWATH® Acquisition are different in that they 
allow for unbiased data collection and MSMS of every single mass precursor can be collected 
allowing for information rich datasets.  However, unambiguous metabolite identification can be 
increasingly challenging due to the lack of databases, chemical noise and isobaric compounds.  The 
SWATH analysis of the Isotope Ratio Outlier Analysis (IROA) labeled Internal Standard (IS) provides the 
first mechanism for simultaneous and unambiguous compound identification and quantitation for 
unbiased metabolomics analysis.  The IROA / SWATH protocol presented here is a powerful toolset 
for the assured identification of any biological compound, the determination of its structure, via fully 
identified fragmentation, and the complete quantification of all the components of a complex 
biological mixture.  Because of the nature of the IROA and SWATH routines these processes are 
completely automatable and completely reproducible.  Metabolites and their fragments may not be 
confused with artifacts, or noisy peaks.  The fragmentation path attributable from the combination of 
IROA labeling and SWATH variable window acquisition reinforces the identity of the molecule and 
data quality.  We see additional opportunity for improvement but already believe this system, in terms 
of assured quantitation and compound identification, will produce higher quality data than any other 
mass spectrometer-based system, and should be a useful adjunct in metabolomics and eventually 
clinical measurements. 
 
(4) Metabolome-based genome-wide association study of innate immunity in rice 
Pengfei Bai1, Yun Lin2, Joshua Blakeslee2, Guo-Liang Wang1* 
1Department of Plant Pathology, The Ohio State University, Columbus, OH 43210 
2Department of Horticulture and Crop Science, The Ohio State University, Wooster, OH 44691. *Email: 
wang.620@osu.edu 

Growing rice resistant cultivars has been recognized as a cost-effective approach to disease 
management. Recent progress in molecular and genetic analyses of rice immune receptors and 
signaling regulatory proteins has greatly enhanced efforts to genetically engineer disease-resistant 
rice. However, questions remain regarding the metabolic changes occurring in rice during the onset 
and progress pathogen infection. Specifically, there remains a gap in our current knowledge on the 
linkage between pathogen-induced changes in gene expression and pathogen-induced shifts in 
metabolite accumulation. The gap has hindered the successful use of immune receptors and 
regulators for disease control in rice. Metabolome-based genome-wide association study (mGWAS) is 
the integration of metabolome with genetic polymorphisms for mapping of the genomic loci 
responsible for natural variations in metabolism. It is a powerful tool to identify novel genes associated 
with metabolomic changes under different stress conditions. To profile the metabolomic changes 
between resistant and susceptible rice cultivars to M. oryzae infection, a non-targeted metabolomic 
analysis was performed by using QQQ-based LC-MS/MS analysis. We selected 11 highly resistant and 
14 highly susceptible cultivars from a rice population consisting of 312 rice cultivars collected from 82 
countries. Three-week-old rice seedlings of the 25 cultivars were sprayed with M oryzae isolate 75-1-
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127. Leaf tissues were harvested 0, 24, 36, 48, 72, and 96 hr after inoculation and subjected to broad-
spectrum metabolic profiling. With the first biological replicate analysis, we identified 96 hr timepoint 
showing the greatest differences in metabolite profile, and found “clusters” of metabolite peaks from 
resistance lines but not found in susceptible lines. The long-term goal of this project is to identify rice 
specialized metabolites that contribute to rice blast resistance, and to conduct mGWAS analysis for 
the genes responsible for the accumulation profiles of candidate metabolites.  
 
(5) Sparse canonical correlation analysis to define globally related microbe-metabolite pairs in 
murine and human models 
Alissa Castleberry, Guy Brock, Ewy Mathé 

Biomedical Informatics Department, The Ohio State University, Columbus, OH 
The interaction between microbes and the host plays a critical role in mediating metabolic pathways. 
Integration of metabolomics with microbiome data can thus elucidate interactions that are aberrant in 
disease. Although advancing metabolomics and microbiome data acquisition techniques are 
producing large amounts of data, there are few accessible and user-friendly tools for analysis and 
integration of this data. One difficulty lies in the high dimensionality of data, which limits the 
application of more traditional analytic methods, such as canonical correlation analysis (CCA). Our 
project focuses on a method of CCA that includes a sparsity constraint in order to reduce 
dimensionality while maximizing correlation between microbes and metabolites. This method allowed 
us to integrate metabolome and microbiome data while taking into account different phenotypes and 
the complex physical relationships between microbes and metabolites. The method was successfully 
applied to two publicly available datasets: a murine model investigating the effects of farnesoid X 
receptor activity on gut microbiota and a human model comparing microbiota and metabolome 
profiles in colorectal cancer (CRC) patients with those of healthy controls. In the murine data, we 
discovered a positive correlation between taurine and clostridium XIVb and a negative correlation 
between taurine and dorea, which indicate potential regulatory relationships. In the CRC model, we 
noted that the largest portion of metabolites with high loadings were dipeptides, which is consistent 
with the well supported idea that amino acids are essential for tumor growth. Sparse CCA provided 
the basis for a novel way of visualizing microbe and metabolite associations in these data sets. In the 
future, we plan to modify a metabolite set enrichment analysis by incorporating sparse CCA to 
account for microbe-metabolite interactions in the model.  
 
(6) Fat Soluble Vitamin Uptake in Metabolic Syndrome and Healthy Subjects Via Targeted and 
Untargeted Lipidomics 
Haley Chatelaine1, Priyankar Dey1, Richard S. Bruno1, Rachel E. Kopec 1,2 
1Human Nutrition Program, The Ohio State University, Columbus, OH; 2 Foods for Health Discovery 
Theme, The Ohio State University, Columbus, OH 

Subjects with metabolic syndrome (MetS) were shown to absorb less vitamin E than healthy matched 
controls. This phenomenon may antagonize the already increased susceptibility of obese persons to 
chronic diseases, particularly if it also pertains to other fat-soluble vitamins (FSVs). We hypothesized 
that subjects with MetS have decreased postprandial absorption of FSVs (vitamins A (501 IU), D (119 
IU)) relative to healthy matched controls. We hypothesize that systemic differences in lipidomic 
profiles in MetS versus healthy subjects will generate new hypotheses regarding FSV absorption. 
Chylomicron fractions from a study investigating postprandial absorption of vitamin E after 
consumption of a soymilk beverage were re-analyzed at hours 0, 3, 6, 9, 12 for FSVs (retinyl palmitate, 
ergocalciferol, and phylloquinone) and apolipoprotein B-48 (apoB-48) levels using high-performace 
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liquid chromatography-tandem mass spectrometry (LC-MS/MS) and ELISA, respectively. Differences in 
FSV absorption were calculated by comparing 0-12 hour area under the curve (AUC). Lipidomics 
analyses of the same samples are now being conducted using ultra high-performance liquid 
chromatography-quadrupole time-of-flight mass spectrometry (UPLC-QTOF MS). Preliminary results 
indicated no significant difference in FSV absorption between MetS and healthy subjects (p = 0.39-
0.78), but apoB-48 concentrations were significantly higher in MetS subjects vs. controls (p<0.0001). 
Correlations between chylomicron vitamin A and D concentrations and apoB-48 concentration in 
MetS but not healthy subjects were observed (vitamin A: MetS R2=0.45, p=0.02; healthy R2=0.07, 
p=0.72; vitamin D: MetS R2=0.43, p=0.03; healthy R2=0.14, p=0.45). These findings suggest that 
chylomicron vitamin A and D concentrations depend on apoB-48 in MetS but not healthy subjects, 
which may indicate differential mechanisms of FSV absorption in MetS. Preliminary data suggests no 
differences in postprandial concentrations of vitamins A or D absorbed. Lipidomic analyses will be 
performed to understand systematic differences in absorption of fat-soluble compounds between 
MetS and control subjects. 
 
(7) Linoleic Acid-Derived Oxylipins are Positively Associated with Lean Mass and Negatively 
Associated with Adipose Mass in Postmenopausal Women with Metabolic Syndrome 
Rachel M Cole1, Sara Puchala1, Jia-Yu Ke1, Theresa Pederson2, John Newman2,3, Kamil Borkowski3, 
Mahmoud Abdel-Rasoul4, Benjamin O’Donnell5, David Bradley5, Rebecca Andridge6, Martha A Belury1 
1Department of Human Sciences, The Ohio State University, Columbus, OH.  2Obesity Metabolism 
Research Unit, University of California Davis, Davis, CA.  3West Coast Metabolomics Center, Genome 
Center, University of California Davis, Davis, CA, USA.  4Center for Biostatistics, The Ohio State 
University, Columbus, OH.  5Department of Internal Medicine, The Ohio State University, Columbus, 
OH.  6College of Public Health, The Ohio State University, Columbus, OH. 

Skeletal muscle plays an important role in activities of daily living and is a key regulator of whole body 
energy metabolism.  During menopause, muscle mass decreases while abdominal adipose mass 
increases.  Linoleic acid is an essential polyunsaturated dietary fatty acid that can be converted to 
oxylipins in humans and animals.  Although adults in the US generally consume the Adequate Intake 
of linoleic acid, studies have demonstrated supplementation with oils rich in linoleic acid increases 
muscle mass and decreases trunk adipose mass. The mechanism of effects of linoleic acid on body 
composition are not well understood, but may be linked to improving insulin sensitivity.  We sought to 
determine whether supplementing women’s diets with linoleic acid-rich oils could increase linoleic 
acid-derived oxylipins and whether these oxylipins were associated with improvements in body 
composition. Postmenopausal women (N=15) were supplemented with 6.9g of linoleic acid for 16 
weeks.  Body composition, markers of inflammation and glycemia were measured before and after 
supplementation.   Targeted lipodomics using LC-MS/MS was utilized to measure linoleic acid-derived 
oxylipins.  Using hierarchal cluster analysis, we identified several unique patterns of oxylipins that 
impact insulin sensitivity and were associated with body composition.  Prior to supplementation, 12,13-
dihome was positively associated with appendicular lean massBMI and negatively associated with 
adipose mass.  After 16 weeks of linoleic acid supplementation, 12,13-dihome, 13-HODE, 9-HODE and 
adiponectin increased in the plasma of the women.  There was a trend for an increase in 13-KODE 
(p=0.052) and ALM/BMI (p=0.075).  None of the oxylipins were associated with body composition after 
linoleic acid supplementation, but 13-KODE was positively associated with adiponectin, leptin, and C-
reactive protein.  These results suggest that linoleic acid-derived oxylipins particularly, 12,13-dihome 
and 13-KODE, may play a role in alterations of body composition seen with linoleic acid 
supplementation, but larger randomized placebo-controlled double blinded studies are needed to 
confirm these findings. 
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(8) Identification of Consumer Liking Markers in Whole Wheat Bread Using Flavoromics 
Wen Cong, Devin G. Peterson*  
Department of Food Science and Technology, The Ohio State University, 2015 Fyffe Rd. Columbus, 
OH 43210 
 
Even though the health benefits of whole grain are well known, people fail to consume the 
recommended amount of whole grains because of the negative sensory properties associated with 
whole grain. Therefore, in this study a flavoromics (untargeted method) approach was utilized to 
identify flavor active compounds that drive consumer acceptance of whole wheat bread. A total of 30 
bread samples, made with equal mixture of fresh and aged whole wheat flours, were subjected to 
chemical profiling and sensory analysis. UPLC-ToF-MS was performed for the chemical profiling of 
non-volatile compounds. A consumer acceptance test was conducted using a complete block design 
and indicated significant differences in consumer liking of aroma, flavor, color, texture, as well as 
overall liking. Multivariate data analyses were then performed to correlate non-volatile chemical 
features with liking scores to select chemical markers driving consumer acceptance of whole wheat 
bread. The PCA model of chemical features revealed groupings of whole wheat bread based on fresh 
and aged flours. Three OPLS models were generated to model consumer liking against chemical 
profiles of fresh samples and aged samples, separately, and as a whole. All OPLS models showed 
good fit (R2Y > 0.97) and strong predictive power (Q2 > 0.94). Ten putative markers driving consumer 
liking of whole wheat bread were selected from each OPLS model. Following a flavoromic workflow, 
subsequent marker isolation and recombination sensory tests will be conducted to correlate cause 
and effect. The results can be used to predict consumer liking of whole wheat bread and help with 
development of high flavor quality whole grain products.  

 
(9) Wound fluid as a biomarker: a metabolomic approach  
Amitava Das, Subendu Sarkar, Joshua Johnson, Scott Chaffee, Piya Das Ghatak, Suman Santra, Savita 
Khanna, Sashwati Roy and Chandan K. Sen  
Department of Surgery, Center for Regenerative Medicine and Cell Based Therapies and 
Comprehensive Wound Center, The Ohio State University Wexner Medical Center, Columbus, OH 
 
Background- The wound fluid bathing the wound tissue reflects the wound microenvironment and 
shapes the functional response of wound-related cells. Building on the scientific premise that 
metabolites in the wound microenvironment will shape the fate of the wound, we sought to identify 
biochemical markers in wound fluid that can delineate between wounds that will and will not heal. 
Methods- Subjects (N=50) participating in the study were chronic wound patients seen at OSU 
Comprehensive Wound Center (CWC) clinics and have been undergoing NPWT (negative pressure 
wound therapy) as part of standard clinical care. Wound fluid and cells were derived from the NPWT 
dressing by lavaging the wound dressing with saline solution.  Using different mass-spectrometry 
platforms, global biochemical profiles were compared in wound fluid samples from healing (>65% 
closure after 4 weeks) and non-healing (<20% closure after 4 weeks) wounds. Samples from each 
experimental group were measured and analyzed in an equivalent manner across the analytical 
platforms and analyzed after normalization based on measured protein values (Bradford assay). 
Results- Out of 622 metabolites screened, more than a third were found to be significantly lower in 
the non-healing group (p˂0.05; n=25) indicative of blunted tissue metabolism in wounds not engaged 
in active tissue repair. Consistently, the non-healing cohort exhibited decreases in metabolites linked  
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to amino acid and polyamine homeostasis, energy utilization and lipid homeostasis (p˂0.05; n=25). 
Interestingly, in the wound fluid of non-healing group a 3-fold increase (p˂0.05; n=25) in fibrinogen-
derived peptide DSGEGDFXAEGGGVR levels was noted compared to the healing cohort.  This 
metabolite is a proteolytic fragment of fibrinogen. How this metabolite contributes to the overall 
proteolytic activity of the chronic wound, which is known to be high, warrants further study. 
Conclusion- This patient based study recognizes the value of wound fluid metabolite profile as a 
biomarker of wound outcome.             
 
(10) The Impact of a Vitamin D Deficient Diet on the Maternal Liver Metabolome in the 
Collaborative Cross Genetic Reference Population 
 
Marwa Elnagheeb1,2, Susan McRitchie2, Jing Xue1,2, William Valdar1,3, Lisa M. Tarantino1,4, Susan 
Sumner2,5, and Folami Y. Ideraabdullah1,2,5 
 
1Department of Genetics, UNC School of Medicine, Chapel Hill, NC  
2Nutrition Research Institute, University of North Carolina at Chapel Hill, Kannapolis, NC  
3Department of Biostatistics, UNC Gillings School of Global Public Health, Chapel Hill, NC  
4Division of Pharmacotherapy and Experimental Therapeutics, UNC Eshelman School of Pharmacy, 
Chapel Hill, NC  
5Department of Nutrition, UNC Gillings School of Global Public Health, Chapel Hill, NC  
 
Vitamin D deficiency during pregnancy is a global burden, and disparities in prevalence may be in 
part attributed to metabolism and genetics. Metabolomics provides insight into complex interactions 
between diet and genetics that underpin differences in metabolic response to similar nutritional 
exposures. The objective of this study was to use the Collaborative Cross (CC) recombinant inbred 
mouse population as a model for understanding how genetic background influences the impact of a 
vitamin D deficient diet on the maternal liver metabolome. Female CC mice of ten distinct genetic 
backgrounds were fed a control diet (CON, 1000 IU/kg) or a diet lacking vitamin D (LVD, 0 IU/kg) 
during the periods of preconception, pregnancy, and lactation. Untargeted metabolic profiling of 
maternal whole liver samples was determined using ultra performance liquid chromatography-tandem 
mass spectrometry. Orthogonal partial least squares-discriminant analysis was used to identify fifteen 
discriminant metabolites with variable importance to projection (VIP) score ≥ 1 and fold change ≥ |1.5| 
between LVD and CON diets. Using linear regression analyses, we determined that nine of these 
metabolites related to lipid, xenobiotic, and p-cresol metabolism were significantly altered by diet, five 
of which exhibited diet-by-genetic line interactions. Overall, these five metabolites were higher in LVD 
compared to CON, but the extent of change differed among genetic lines. Line-specific response to 
LVD was mostly limited to changes in the levels of one or two of these metabolites; however, one 
line, exhibited a significant diet response for all five metabolites. In conclusion, the impact of a vitamin 
D deficient diet on maternal liver metabolites can be influenced by genetic background, resulting in 
certain strains being more responsive than others. Identification of genotype-dependent metabolic 
signatures will likely yield new biomarkers for vitamin D deficiency and guidance for personalized 
dietary recommendations.  
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(11) Application of Flavoromics to Characterize Flavor Stability In Stevia Sweetened Model 
Beverages  
Benjamin S. Gelinas, Devin G. Peterson 
OSU 

Recent consumer trends in the beverage industry have shown a growing interest in clean labels, low 
calorie and low sugar products. This has led to the increased use of plant-based materials, such as 
natural sweeteners from Stevia rebaudiana. However, natural sweeteners are known to show 
instability over time, which can lead to the development of off-flavors during storage. A collection of 
stevia beverages was subject to a flavoromics workflow to identify chemical drivers of sensory 
changes during storage. Chemical fingerprints were collected utilizing both volatile (GCMS) and non-
volatile (LCMS) techniques. In parallel, sensory analysis was conducted on the same beverages in 
order to characterize the magnitude of flavor changes during storage. Multivariate statistical modeling 
was then conducted to identify components that undergo chemical changes during storage and 
relate to flavor perception using Orthogonal Partial Least Square (OPLS) regression models. Relevant 
chemical features were further selected based on correlation with sensory changes as well as their 
magnitude of change over time. Using high resolution (HRMS) and tandem Mass Spectrometry 
(MS/MS), preliminary structural identification was carried out.  So far, three degradation products of 
Rebaudioside A, the main component of stevia, have been tentatively identified and will be further 
confirmed by Nuclear Magnetic Resonance (NMR). These compounds are thought to arise from a 
rearrangement or addition reaction, catalyzed by the acidic conditions of the beverage, to the 
terpenoid alkene on the steviol backbone, which is shared by all stevia-based sweeteners. Selected 
markers will be subjected to large scale purification and further sensory recombination will be carried 
out to validate their impact on the sensory properties of beverages. Findings will improve the 
understanding of natural ingredient chemistry and performance in beverages and in turn, allow for 
improved utilization of stevia-based sweeteners. 
 
(12) Elucidating the allosteric mechanism of ligand binding to TRAP using native MS 
Melody (Pepsi) Holmquist1, Elihu C Ihms1, Paul Gollnick2, Vicki Wysocki1, Mark P Foster1 
1 Department of Chemistry and Biochemistry, The Ohio State University 
2 Department of Biological Sciences, State University of New York at Buffalo 

Cooperativity in ligand binding is crucial for regulation of biological pathways. However, it is 
challenging to quantify cooperativity due to the multiple identical binding sites and the symmetry of 
homo-oligomeric proteins. In addition, there is difficulty of measuring accurately and unambiguously 
the populations of protein-ligand species in order to determine microscopic equilibrium constants. 
Native MS can quantify homo-oligomeric protein species with different numbers of bound ligands, 
provided the populations can be directly obtained from the ion counts, and that MS-friendly native 
buffers do not alter the thermodynamics. By using native mass spectrometry, we measured 
homotropic binding of tryptophan (Trp) to Bacilllus stearothermophilus TRAP, a homo-oligomeric 
protein with 11 identical binding sites. To obtain the cooperative microscopic thermodynamics such as 
coupling free energies and binding affinities of Trp binding to TRAP, we used a nearest-neighbor 
thermodynamic model. The populations of TRAP species were determined by mass spectra obtained 
on a high-resolution Orbitrap mass spectrometer under native conditions to quantify the Trp-TRAP 
states populated at different Trp concentrations. The effect of MS buffers on the structure of TRAP 
was explored by ion mobility MS experiments, yielding experimental collision cross section (CCS)  
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measurements for various TRAP species. SID-MS was implemented to study the fragments of TRAP 
with bound Trp. Native MS results were compared to those from solution ITC and NMR experiments in 
phosphate, AmAc and EDDA buffers. The ITC and NMR solution experiments showed that TRAP 
retains its native-like structure in MS solutions and that the Trp binding was not inhibited in MS 
solutions, validating our native MS titration experiments. Using native MS allows us to obtain 
microscopic thermodynamic constants such as Kd and free energies of the neighboring binding sites, 
helping us better understand the mechanism of homotropic allostery in ligand binding to TRAP. 
 
(13) Differentiating Methicillin susceptible and resistant Staphylococcus aureus using secondary 
electrospray ionization tandem mass spectrometry (SESI-MS/MS) 
Haorong Li and Jiangjiang Zhu 
Department of Chemistry and Biochemistry, Miami University 

Secondary electrospray ionization mass spectrometry (SESI-MS) is an innovative metabolomics 
approach that primarily focus on the gas-phase analytes detection. Since its inception in early 2000, 
SESI-MS has been applied to various metabolomics studies. In this study, we developed a secondary 
electrospray ionization tandem mass spectrometry (SESI-MS/MS) method with a homemade SESI-MS 
front end, for sensitive, reproducible and selective detection of headspace volatile organic 
compounds (VOCs) emitted from bacterial culture. The method was developed initially with chemical 
standards, and the SESI-MS/MS method showed a linear response to the calibration standards (R2 
=0.9996). In addition, we examined the influence of temperature to the signal intensity of SESI-MS/MS 
by testing standard solution at different temperature settings. Our result showed that a higher 
temperature setting (~80 °C) resulted in a higher signal intensity, which followed the Clausius-
Clapeyron relation. Next, we applied the established SESI-MS/MS to examine the VOC metabolome 
of a pair of isogenic methicillin susceptible and resistant Staphylococcus aureus (MSSA and MRSA) 
strains. Twelve fatty acids and eight amino acids with the mass range of 40-300 Da were specifically 
targeted with two SRM transitions in the headspace of bacterial culture. Our result indicated that 
MSSA and MRSA strains can be clearly differentiated via partial least squares discriminant analysis 
(PLSDA) based on their headspace VOC metabolic profiles. Furthermore, we studied the stress 
response of MSSA and MRSA to antibiotics treatment. Our result showed that both MSSA and MRSA 
generated dramatically changed VOC metabolic profiles, which indicated that SESI-MS/MS could be 
used for antibiotic treatment response monitoring in future studies. This study showed that SESI-
MS/MS headspace analysis provides an additional approach to study the bacterial metabolome, 
which is complementary to traditional liquid metabolite analysis. To the best of our knowledge, this 
was the first time that SESI-MS/MS was applied to investigate the bacterial metabolic perturbations 
caused by antibiotic treatment.     
 
(14) Multifaceted Imaging Approach for Liposomal Drug Delivery in Tumor Spheroids 
Jessica K. Lukowski1, William T. Andrews1, Amanda B. Hummon2 
1 University of Notre Dame, Notre Dame, IN, 2 Ohio State University, Columbus, OH 
 
This study aims to develop an approach to image liposomal drug delivery systems in a multifaceted 
way that would enable evaluation of the efficacy of chemotherapeutics, in tumor spheroids. Imaging 
liposomal bilayer distribution in our tumor spheroid model becomes problematic, as these lipids are 
also endogenous to our model system.  To resolve this, we are modifying our liposomes by 
chemically cross-linking fluorescent tags to their outer lipid bilayer of the liposome using click 
chemistry.  In doing so, we hope to be able to observe differences in localization between our lipid 
bilayer and free drug over time, providing information on where the drug is delivered in our model 
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system and how the drug distributes throughout treatment using fluorescence microscopy and 
MALDI-MSI.This study aims to develop an approach to image liposomal drug delivery systems in a 
multifaceted way that would enable evaluation of the efficacy of chemotherapeutics, in tumor 
spheroids. Imaging liposomal bilayer distribution in our tumor spheroid model becomes problematic, 
as these lipids are also endogenous to our model system.  To resolve this, we are modifying our 
liposomes by chemically cross-linking fluorescent tags to their outer lipid bilayer of the liposome using 
click chemistry.  In doing so, we hope to be able to observe differences in localization between our 
lipid bilayer and free drug over time, providing information on where the drug is delivered in our 
model system and how the drug distributes throughout treatment using fluorescence microscopy and 
MALDI-MSI. The click chemistry liposome system was first tested in traditional two-dimensional cell 
culture to verify the success of the click reaction between the fluorophore and HPE. Tumor spheroids 
were dosed with liposomes for a range between 24 and 72 hours.  Alternating 16 μm slices of the 
dosed spheroids were collected during cryosectioning so a comprehensive picture of drug 
penetration and liposome bilayer fate could be generated. Tumor spheroids were dosed with 
liposomes containing doxorubicin, liposomes containing doxorubicin and underwent the click 
chemistry reaction, empty liposome that underwent the click chemistry reaction, free drug, or no 
treatment so the appearance or absence of specific peaks in MALDI-MSI allows for the determination 
of the liposome bilayer fate because of the mass shift that the fluorophore creates.  Further efforts will 
focus on the localization of doxorubicin metabolites and the elucidation of release mechanism of the 
liposome. 
 
(15) Electron Transfer Dissociation Versus Collisionally Activated Dissociation of Sodium 
Cationized Polymethacrylates 
Jialin Mao,1 Chrys Wesdemiotis,1  

The University of Akron, Akron, Ohio 44325, United States1 

Electron transfer dissociation (ETD) has been widely used in the characterization of peptides and 
proteins. ETD provides c and z fragments from Cα-N peptide bond cleavage, whereas collisionally 
activated dissociation (CAD) mainly produces b and y fragments from CO-N bond cleavages. For 
synthetic polymers, ETD shows the potential to provide complementary fragments to those from CAD, 
which improves the characterization of polymer structures. Tandem mass spectrometry (MS2) data on 
polymethacrylates acquired by MALDI-CAD have been reported previously. Here, we report ETD 
study on sodium cationized poly(alkyl methacrylate). Their fragmentation pathways are elucidated and 
compared with those occurring in ESI-CAD experiments. 
The CAD spectra of the doubly sodiated precursor ions show sequential isobutene eliminations (56 
Da) from the ester alkyl side chains. This fragmentation takes place by charge-remote 1,5-H 
rearrangement from the ester t-butyl group to the carbonyl oxygen.  Subsequent H2O losses to form a 
cyclic anhydride were also observed with relatively low intensity.  
ETD on the same doubly sodiated precursor ions leads to significantly different fragmentation 
pathways. Electron transfer from the radical anion to the carbonyl group generates a carbon-centered 
radical and an ester enolate salt bridge. The free radical induces subsequent C-O bond scission at 
the ester t-butyl group, which produces [M+2Na-C(CH3)3•]+ fragments. Two fragment series lnBM* and 
lnMH* originating from backbone Cα-Cβ bond scissions were also observed.  
Overall, unlike CAD which only produces fragments from side chain elimination, ETD also causes 
backbone cleavages, and thus provides the chain connectivity information needed to characterize 
end groups and acrylate copolymer sequences. 
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(16) Probiotic Escherichia coli Nissle 1917 effects on Human Rotavirus Infection: 
Immunomodulation, Metagenomics, and Metabolomics   
Husheem Michael, Anastasia Vlasova, Ayako Nakamura, Sukumar Kandasamy, Vishal Srivastava, Loic 
Deblais, Arpad Somogyi,  Vicki Wysocki,  Gireesh Rajashekara, Linda J. Saif 
Food Animal Health Research Program, Veterinary Preventive Medicine Department, Ohio 
Agricultural Research and Development Center The Ohio State University Wooster, OH 44691; 
Department of Chemistry and Biochemistry 484 W 12t Ave The Ohio State University Columbus, OH 
43210    

Human rotavirus (HRV) is a leading cause of diarrhea in children. It causes significant morbidity and 
mortality, especially in developing countries where the efficacy of RV vaccines is low. Probiotics 
enhance oral vaccine efficacy and alleviates enteric infections. The probiotic Escherichia coli Nissle 
1917 (EcN) lacks virulence factors and possesses unique health-promoting properties and treated 
ulcerative colitis in humans. Neonatal gnotobiotic (Gn) pigs resemble infants in their physiology, 
anatomy, mucosal immune system and outbred status providing a unique model to study the impact 
of probiotics on host metabolism, neonatal immune system, enteric viral infections or oral vaccines. 
There is no information on EcN-induced modulation of the host metabolome relevant to protection 
against HRV. We hypothesize that EcN will enhance neonatal immune responses by altering the 
metabolome and metagenome in the gut of human infant fecal microbiota (HIFM) transplanted pigs, 
thus moderating HRV infection. Our aim was: a) to evaluate EcN as an immune stimulator to treat HRV 
diarrhea and b) to establish what metabolic and metagenomic EcN-induced alterations are associated 
with these effects. We have investigated the effects of the EcN probiotic in the HIFM transplanted Gn 
piglets challenged with HRV. Results revealed that EcN probiotic treatment (a) ameliorated diarrhea 
severity and virus shedding post-virulent HRV challenge, (b) increased regulatory T cell and 
decreased inflammatory cytokine responses, (c) increased HRV-specific immunoglobulins in the 
serum and small intestinal content as compared with untreated groups. Metagenomics analysis 
revealed that EcN significantly increased the diversity and abundance of Acidobacteria, 
Proteobacteria, and Firmicutes in the gut and systemic tissues. In addition, EcN reduced intestinal 
dysbiosis and abundance of potential opportunistic pathogens in the systemic tissues. We concluded 
that EcN treatment ameliorated HRV infection in Gn piglets. Metabolomic data are currently being 
analyzed.  
 
(17) Targeted Metabolomics to Improve ASCVD Risk Score 
Aaron O’Brien, Andrea Cardona, Subha Raman 
The Ohio State University 

Metabolic derangements predispose type II diabetics to cardiovascular disease. Risk estimation 
mechanisms are essential clinical tools to inform treatment strategy. Present risk estimation algorithms 
fail to discriminate between higher and lower risk type II diabetics. Trimethylamine (TMA) and its 
oxidized form, Trimethylamine N-oxide (TMAO) have shown to have pro-atherogenic properties. To 
investigate whether Trimethylamine (TMA) and Trimethylamine N-oxide (TMAO) metabolic pathway 
activity can distinguish between high risk type II diabetics, that experienced major adverse cardiac 
events (MACE) from their event-free, matched controls, in a subgroup of the Action to Control 
Cardiovascular Risk in Diabetes (ACCORD) trial population. Targeted compounds TMA and TMAO 
were assayed by HPLC-MS using a Thermo Scientific UltiMate 3000 HPLC with Imtakt Scherzo SM-
C18 column coupled to a Thermo Scientific TSQ Quantiva Triple Quadrupole mass spectrometer. One 
transition was used for each targeted compound, and the internal standard d9-TMAO was monitored 
at precursor 85.1 m/z and product 66.1 m/z. Light TMAO was monitored at 76.1 m/z – 59.1 m/z and 
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TMA was monitored at 60.1 m/z – 44.4 m/z with 25 V collision energies. Mean plasma TMAO level in 
cases is 1.14 ± 4.75 mg/L (N = 102), compared to 0.83 ± 1.82 mg/L (N = 115) in matched controls (p = 
0.525). Mean plasma TMAO level in female cases that died during the course of the ACCORD trial is 
0.87 ± 0.57 mg/L (N = 10) compared to 0.61 ± 0.42 mg/L (N = 93) that survived the duration of the trial 
(p = 0.067). Higher plasma TMAO levels are associated with incident MACE and incident death; 
however, the effect is not statistically significant. 155 plasma and 189 urine samples remain to be 
analyzed from this ACCORD trial subgroup.  
 
(18) Potential metabolic mechanisms of black raspberry-mediated oral cancer prevention 
Steve Oghumu1, Thomas Knobloch2, Lei Bruschweiler-Li3, Cheng Wang3, Arpad Somogyi4, Rafael 
Bruschwieler3, Christopher Weghorst2 
1Department of Pathology, Ohio State University Wexner Medical Center Columbus, OH; 2Department 
of Environmental Health Sciences, College of Public Health, Ohio State University, Columbus OH; 
3Department of Chemistry and Biochemistry, Ohio State University, Columbus, OH; 4Mass 
Spectrometry and Proteomics Facility, Chemistry Campus Instrumental Center, The Ohio State 
University, Columbus, OH 

Preclinical and clinical studies demonstrate the ability of black raspberries (BRBs) to inhibit oral 
carcinogenesis. We recently showed that in an experimental model of rat oral carcinogenesis using 
the carcinogen 4 nitroquinoline-1-oxide (4NQO), BRB reduces oral lesion incidence and multiplicity. 
However, we do not completely understand how the bioactive compounds in BRBs drive the 
metabolic and molecular pathways that lead to oral cancer chemoprevention. In this study, we 
determined the potential metabolic and molecular mechanisms associated with BRB mediated 
chemoprevention of oral carcinogenesis using the well-established carcinogen induced rat oral 
cancer model. Male F344 Rats were exposed to 4NQO for 10 weeks then regular drinking water for 6 
weeks. In treatment groups, BRBs were incorporated into rat diets and fed to rats for the last 6 weeks 
after 4NQO treatment. Sentinel animals did not receive 4NQO or BRB. At terminal sacrifice, urine 
samples from all groups were harvested and analyzed by NMR and Mass spectrometry to identify 
differentially expressed metabolites. RNA was extracted from rat tongue samples and used for RNA 
sequencing analysis. 171 metabolites were identified in urine samples of 4NQO administered rats 
while 101 and 90 metabolites were identified in 4NQO administered rats that were treated with 10% 
and 5% BRB respectively by NMR. Fewer metabolites were identified in sentinel samples (less than 
10). About 31 ‘unique’ metabolites were identified in 4NQO administered rat urine samples but were 
absent in BRB treated groups. Fourteen additional metabolites were increased and 11 metabolites 
were decreased following BRB treatment of 4NQO administered rats compared to rats administered 
with 4NQO only. Our metabolomics and transcriptomic analyses reveal distinct molecular and 
metabolic markers and pathways that drive oral carcinogenesis and BRB mediated oral 
chemoprevention, which can potentially be exploited in oral cancer treatment strategies. 
 
(19) Random Forest and Gaussian Graphical Model analysis of untargeted metabolomics data 
reveals strong dietary effect but little association with obesity phenotypes in the metabolome of 
genetically diverse Drosophila melanogaster larvae 
Vishal Oza1, Laura K Reed1 
1Department of Biological Sciences, University of Alabama, Tuscaloosa, AL 

Genetic and environmental factors such as diet are important factors contributing to the development 
of obesity. In this study, we manipulated the diet in obese phenotypes of Drosophila melanogaster to 
evaluate how diet and genotype affect the metabolome. Drosophila larvae from 16 distinct genotypes 
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were raised on normal (ND) and high fat (HFD) diets, producing two distinct phenotypic classes: half 
the genotypes stored more triglycerides on a ND relative to HFD diet and other half stored more 
triglycerides on a HFD relative to ND. We used untargeted metabolomics to characterize 270 
metabolites with a chemical ID and 80 that were unknowns. We then employed the Random Forest 
algorithm, to identify "important" metabolites that best differentiate between the HFD and ND, as well 
as between triglyceride phenotypes. Interestingly, we found that flies on a HFD had an upregulated 
omega fatty acid oxidation pathway. Furthermore, there was no correlation observed between the 
triglyceride storage phenotype and free fatty acid levels, indicating that high-fat diet fed Drosophila 
larvae have a distinct metabolic profile of fatty acids, but that profile does not propagate into 
triglyceride storage differences. Additionally, we analyzed the network structure differences between 
the HFD and ND fed flies using Gaussian Graphical Models (GGMs). The edge symmetric difference 
between the two networks was 0.786 indicating very different topologies. These results show that 
metabolic profiles do change with change in diet however, they alone may not be a good indicator of 
phenotypic outcome in genetically diverse population. 
 
(20) Evaluating the utility of submicron (0.07 to 0.2 µm) static nanoelectrospray capillaries for 
native mass spectrometry 
Erin M. Panczyk1, Joshua D. Gilbert1, Gargi Jagdale2, Lane A. Baker2 and Vicki H. Wysocki1 
1Department of Chemistry and Biochemistry, The Ohio State University, Columbus, OH, 43210 
2Department of Chemistry, Indiana University, Bloomington, IN, 47405 

Mass spectrometry platforms capable of high-mass ion transmission are becoming increasingly 
common, allowing native MS to emerge as an effective tool for structural biology.  However, with this 
increase in analyte size, theoretical instrument resolution is not realized, due in part to incomplete 
desolvation during analyte transition to the gas phase.  Additionally, many native MS samples require 
specific buffer or salt concentrations to retain native-like form, hindering the electrospray process.  
Recently, submicron capillaries have been shown to reduce the matrix effects incurred by such 
solutions and therefore increase apparent spectral resolution. However, given that small capillaries 
have also been shown to “supercharge” and unfold proteins, it is worthwhile to investigate their effect 
on native analyte structure. 
Native MS experiments were carried out on a Waters Synapt G2S (Wilmslow, UK)  or a Thermo Fisher 
Q-Exactive EMR, (Bremen, Germany) both modified in-house for surface induced dissociation 
capabilities.  Common protein complexes such as streptavidin, C-reactive protein, concanavalin A, 
and hemoglobin were investigated via energy resolved MS (ERMS) experiments with surface induced 
dissociation (SID), in terms of product oligomeric state abundance and apo vs holo abundance in the 
case of ligand-bound proteins, along with ion mobility measurements. ERMS experiments of 11+ 
streptavidin tetramer from both “normal” nanoelectrospray capillaries (10 µm) and submicron 
capillaries yielded similar results in terms of abundance and ion mobility of SID products, suggesting 
that submicron capillaries produce structures similar to those produced while using normal 
nanoelectrospray capillaries.  Initial studies of ligand retention during SID with streptavidin bound with 
biotin also yielded similar results between submicron and normal capillaries.  While the results thus far 
have indicated that major restructuring of protein complexes is not occurring in submicron capillaries, 
more experiments remain.  ERMS experiments will be extended to cover more protein complexes of 
varying geometries, and collision induced unfolding will also be utilized. 
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(21) MDM2 alterations reprogram the metabolic functioning of liposarcoma cell lines 
Andrew Patt1,2, Bryce Demoret 1, Andrew Patterson3, Philip Smith4, Ewy Mathé1, James L Chen1 

1 Department of Biomedical Informatics, College of Medicine, The Ohio State University, Columbus, 
Ohio, United States of America 
2 Biomedical Sciences Graduate Program, The Ohio State University, Columbus, Ohio, United States 
of America 
3 Department of Veterinary and Biomedical Sciences, The Pennsylvania State University, University 
Park, PA, United States of America 
4 The Huck Institutes of the Life Sciences, The Pennsylvania State University, University Park, PA, 
16802-4400, USA 

Patients with dedifferentiated liposarcoma (DDLPS) have a five-year survival rate of less than 50%, and 
current treatments benefit a minority of patients. Chromosome 12q is frequently amplified in DDLPS, 
which harbors the MDM2 oncogene. High amplification levels of MDM2 have been associated with 
worse prognosis for DDLPS patients. We hypothesized that MDM2 expression reprograms the 
metabolome of DDLPS cells, thereby affecting their treatment response. To investigate the interplay 
between MDM2 and the metabolome of tumor cells, metabolomic profiles (Metabolon) were obtained 
for four MDM2 high and two MDM2 low DDLPS cell lines, untreated or treated with MDM2 inhibitor. 
Forty-seven metabolites, of which 15 are lipids, were differentially abundant between untreated MDM2 
high and low cells. Using RaMP (a comprehensive database of metabolite and gene annotations), we 
identified nucleotide salvage and sphingolipid de novo biosynthesis, among others, as enriched 
pathways. Furthermore, 3 hydroxy-3-methylglutarate, associated with the mevalonate pathway, which 
is itself involved in mutant p53 tumor cell growth, is higher in MDM2 high cells. When comparing cells 
treated or untreated with MDM2 inhibitor, we found few differently abundant metabolites in the MDM2 
high compared to MDM2 low (12 vs. 92). Pathways enriched in the MDM2 low cells include nucleotide 
salvage and pyruvate and citric acid cycle. Based on these findings, and in vitro results demonstrating 
that growth of MDM2 low cells can be suppressed by atorvastatin (a mevalonate pathway inhibitor), 
we measured lipidomic profiles in the same cell lines treated/untreated with atorvastatin. As 
expected, we identified substantially fewer lipids perturbed by atorvastatin treatment in MDM2 high 
cells as opposed to low (0 vs 43). Overall, our results identify an association between MDM2 status 
and lipid pathways in liposarcoma cell lines, which provides preliminary evidence for targeted lipid 
pathways to reduce tumor growth. 
 
(22) Using LC-MS/MS to detect tRNA modification profile changes during cell cycle transitions in 
Bacillus subtilis 
Christina Psihountas, Manasses Jora, and Patrick A. Limbach 
University of Cincinnati, Rieveschl Laboratories for Mass Spectrometry 

Transfer Ribonucleic Acids (tRNAs) have more modified bases than the other species of RNA. 
Temperature, culture media, stress, and cell development are suspected to influence tRNA 
nucleoside modifications in a qualitative and/or quantitative nature. Current databases do not reflect 
modification changes or detail the culturing conditions of obtained data. Changes in tRNA 
modifications are being studied in the gram positive and spore forming bacteria, Bacillus subtilis. Here 
we show a comparison of the tRNA profiles of vegetative cells and spores. A comparison of profiles 
between domesticated and undomesticated strains are also discussed. Using liquid chromatography 
tandem mass spectrometry (LC-MS/MS), we can detect and characterize modifications from total tRNA 
samples obtained at different phases of the cell life cycle. Abundance of nucleosides from Bacillus 
subtilis is being analyzed to learn the effects of culturing conditions on the tRNA profile. 
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(23) Integration of metabolomics data with other omics data through Linear Models (IntLIM)  
Jalal K. Siddiqui,1 Bofei Zhang,1,2 Andrew Patt1,3, Elizabeth Baskin1, Senyang Hu1, Joseph P. McElroy4, 
Kevin R. Coombes1, Ewy Mathé1 
1.  Department of Biomedical Informatics, The Ohio State University  
2.  Biomedical Engineering Undergraduate Program, The Ohio State University  
3.  Biomedical Sciences Graduate Program, The Ohio State University  
4. Center for Biostatistics, The Ohio State University 

Metabolomics data are increasingly integrated with other omics data, such as gene expression. To 
facilitate this integration, we developed IntLIM (Integration through LInear Modeling) to uncover gene-
metabolite pairs that are significantly correlated in one phenotype and oppositely or not correlated in 
another.  While this approach does not model the complexities of biochemical reactions (reaction 
rates and mechanisms), co-regulated genes and metabolites tend to be associated with functional 
roles and our approach can thus help identify putative gene-metabolite associations to be tested 
experimentally.  To this point, we applied IntLIM to metabolomics and transcriptomics data from tumor 
(N=61) and adjacent non-tumor (N=47) breast tissue from a previously published breast cancer study. 
By running IntLIM on all possible gene-metabolite pairs (N=6,908,412 models), we uncovered 2,842 
tumor-dependent pairs (FDR p-value < 0.05 and Spearman correlation difference > 0.5). For breast 
cancer results, we find gene-metabolite pairs enriched for pathways involved in nucleotide 
metabolism, cell cycle, and WIF signaling. We are now expanding the functionalities of IntLIM to 
integrate metabolomics data with microbiome data.  As an example, we applied IntLIM to two publicly 
available  datasets with microbiome and metabolomics data measured in the same samples: 1) a 
murine study on farnesoid receptor (FXR) signaling and 2) a clinical colorectal cancer study.  By 
running IntLIM on these data-sets we were able to respectively identify 4 (N=2,356 models; FDR p-
value < 0.20 and Spearman correlation above 90th percentile) and 28 (N=30,210 models; FDR p-value 
< 0.10 and Spearman correlation above 90th percentile) phenotype-dependent microbe-metabolite 
pairs.  Furthermore, we plan to expand IntLIM to identify not only phenotype-dependent gene-
metabolite or microbe-metabolite pairs but also gene-gene, metabolite-metabolite, and microbe-
microbe pairs.  IntLIM (https://github.com/Mathelab/IntLIM) is publicly available and contain user-
friendly web interfaces. 
 
(24) Dietary linoleic acid increases linoleic acid-derived oxylipins and mitochondrial enzyme 
activity in skeletal muscle: implications for energy metabolism  
Deena Snoke1, Yung Hsuan-Hsiao, MS RD2, Rachel M. Cole, MS RD1, Theresa Pederson, PhD3, John 
Newman, PhD3, Kamil Borkowski3, Taylor Banh1, Austin Angelotti1, Martha A. Belury, PhD RD2 
1 OSU Nutrition PhD Program, Graduate School, The Ohio State University, Columbus, OH 
2Department of Human Sciences, The Ohio State University, Columbus, OH.  3Obesity Metabolism 
Research Unit, University of California Davis, Davis, CA.  

Dietary linoleic acid (LA) is associated with reduced risk for type 2 diabetes. In a previous double-
blind crossover randomized controlled trial conducted by our lab, post-menopausal, obese women 
with diabetes were supplemented with LA oil or control oil for two 16-week periods. LA 
supplementation increased lean body mass and decreased trunk adipose and glycemia (e.g., fasting 
glucose, Hba1c). Skeletal muscle is the major organ regulating glucose disposal. Due to this observed 
increase in lean mass, we investigated the impact of dietary LA on mitochondrial energy metabolism 
in skeletal muscle. Mice were fed modified AIN-93M diets containing 6%wt of palmitic acid (PA), LA, or 
oleic acid (OA) for 5 weeks. Diets containing LA increased LA level in quadriceps muscle. When 
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indirect calorimetry (CLAMS unit) was performed, mice fed diets containing LA or OA showed 
significantly higher heat production, independent of ambulatory activity. Muscles of mice fed LA diet 
exhibited increased citrate synthase activity, a measure of mitochondrial capacity, when compared to 
OA and PA diets. Targeted lipidomics using LC-MS/MS was utilized to measure linoleic-acid derived 
oxylipins in mitochondria isolated from skeletal muscle. Using hierarchal cluster analysis, we identified 
several unique patterns of oxylipins that impact insulin sensitivity and may be associated with 
increased mitochondria capacity. Mice fed the LA diet exhibited a three-fold increase of oxylipin 
metabolites 9- and 13-HODE, and 12,13-diHOME. Because the impact of LA diet on energy metabolism 
in skeletal muscle occurred in sedentary, non-obese mice, we will explore whether dietary LA in 
combination with exercise or in an obese model has similar effects on energy metabolism and 
lipidomic profiles of muscle.  Our discovery that LA generates 9-HODE and 13-HODE in muscle 
mitochondria suggests that downstream pathways, including PPARγ transactivation, may be linked 
with effects on muscle energy metabolism.  
 
(25) The Effects of Omega-3 Fatty Acid Supplementation on the Brain Lipidome after 
Chemotherapy  
Melissa Solano, BS1,2; Tonya Orchard, PhD, MS, RD2; Courtney DeVries, PhD3; Rachel Kopec, PhD2,4 

1Division of Medical Dietetics, School of Health and Rehabilitation Sciences; 2Department of Human 
Sciences, Human Nutrition Program; 3Department of Neuroscience; 4Foods for Health Discovery 
Theme  

Omega-3 fatty acid (EPA+DHA) supplementation may reduce chemo-induced changes in brain 
structure of breast cancer patients. However, the mechanism(s) of action in the brain are not 
understood. We hypothesize that EPA+DHA supplementation results in a greater inflammation 
resolving response that is mediated by specialized pro-resolving mediators (SPMs i.e. omega-3 
derived metabolites which attenuate inflammation). SPM levels are expected to be greater and to 
appear earlier in the EPA+DHA supplemented animals. Ovariectomized mice were fed a diet with 
(n=60) or without (n=60) EPA+DHA for four weeks, and received two doses of chemotherapy or 
vehicle. Animals were sacrificed at 4, 7, and 14 days after the last chemotherapy treatment. 120 brain 
samples were extracted and analyzed by targeted high performance liquid chromatography-tandem 
mass spectrometry (HPLC-MS/MS) to identify and quantitate SPMs in brain tissue of mice (i.e. resolvin 
E1, D1, D2, D3, D5, maresin 1, protectin D1). Stable isotope internal standards were used for 
quantitation. Preliminary results reveal only three SPMs at quantifiable levels in the brain samples. 
Resolvin D1 was present in all samples regardless of chemo treatment or dietary group, while resolvin 
D3, protectin D1 and maresin 1 were detected in a subset of samples.  EPA+DHA supplementation at 
2% of kcals does not appear to affect resolvin D1 levels in brain tissue. A correlation of RvD1 with 
amounts of IL-6 protein in the serum were observed. An untargeted lipidomic analysis will elucidate 
underlying hippocampus changes with EPA+DHA supplementation.This research was supported by a 
Foods for Health Discovery Themes Initiative SEEDS grant. The mouse samples were collected under 
NIH R01CA189947. The sample analyses were supported by NIH Award Number Grant P30 
CA016058, OSU, and OSUCCC. 
 
(26) Development of Ion Carpet-Surface Induced Dissociation (SID) Devices for Simplified Tuning 
Alyssa Q. Stiving,1 Joshua D. Gilbert,1 Vicki H. Wysocki1 
1Department of Chemistry and Biochemistry, The Ohio State University, Columbus, OH 

SID has proven utility in the field of structural biology because of its ability to probe the topology of 
protein complexes by producing compact, charge-symmetric fragments that are indicative of the 
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original, native structure. As more structural biology groups become interested in this technique and 
request collaboration, improvements in ease of use are desired. With ten independent lenses, the 
current SID device design is not always straightforward to tune. Here, new SID devices are explored 
to alleviate these current challenges. The new design utilizes a surface placed at a 45-degree angle 
from the ion path along with the “front bottom” electrode found in the original device directly below it. 
After colliding with the surface, ions are funneled back toward the original ion path with the ion carpet 
array, situated directly behind the surface. Installation was conducted using a Waters Synapt G2 
platform, placing the prototype device prior to the ion mobility cell. Standard protein complexes 
streptavidin, serum amyloid P component, and C-reactive protein were tested with the new device. 
Success in both MS- and SID-modes with the new device has been shown. SID fragments were 
obtained within 5-10 minutes of initial tuning experiments, demonstrating more intuitive operation 
when compared with the original device. The energy at which ions collide with the surface can be 
easily adjusted by changing the potential between the trap cell exit and SID surface. While tuning has 
proven to be simpler, current experiments show SID product collection to be slightly diminished 
compared with the original ten-lens device. The use of more appropriate surface material in addition 
to filling gaps in the ion path between the device and surrounding instrument parts is expected to 
improve these challenges. Additional device designs are also being explored. 
 
(27) A computational study to understand the structural basis of cusativin ribonuclease activity 
Trang Ta, Priti Thakur, Patrick Limbach and Balasubrahmanyam Addepalli 
Rieveschl Laboratories for Mass spectrometry, University of Cincinnati, Cincinnati OH 

Nucleobsase-specific ribonucleases (RNases) are useful tools in mapping chemical modifications to 
RNA sequence through a process referred to as RNA modification mapping [1]. Two commercially 
available enzymes RNase T1 (Guanosine specific), and RNase A (Pyrimidine specific) are commonly 
used in RNA modification mapping. Recently a cytidine-specific (cusativin) RNase has been described 
for mapping RNA modification from our laboratory. This enzyme has a unique characteristic where it 
does not recognize the phosphodiester bond between consecutive cytidines as a substrate [3]. In the 
ongoing studies, we elucidate the structural basis of ribonuclease activity through computational and 
side directed mutagenesis studies. We will present preliminary data that help explain the nucleobase 
recognition characteristic of cusativin. 
 
(28) Localization of Ligand Binding to Protein Complexes via Surface Induced Dissociation High-
Resolution Mass Spectrometry 
Zachary VanAernum, Florian Busch, Yue Ju, Jing Yan, Joshua D. Gilbert, Royston S. Quintyn, and Vicki 
H. Wysocki 
Department of Chemistry and Biochemistry, The Ohio State University, Columbus, OH 

The interactions of proteins with small molecules, lipids, carbohydrates and other proteins are critical 
to cellular function. Identifying how ligands bind to protein complexes is important in the 
understanding of cellular processes, and the structural basis of protein-drug interactions.  Structural 
biology techniques such as X-ray crystallography, nuclear magnetic resonance spectroscopy, and 
cryo-electron microscopy can provide protein-ligand structures at the atomic level, however time and 
other resources may limit their implementation. Here we use surface induced dissociation (SID) in 
tandem with high-resolution mass spectrometry (HRMS) to localize the ligand binding sites within 
protein pentamers. C-reactive protein (CRP) pentamer which contains a ligand binding site within each 
subunit, and cholera toxin B (CTB) pentamer which contains a ligand binding site between adjacent 
subunits were used to evaluate the ability of SID to localize ligand binding sites. We found that SID 
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activation of CRP pentamer, with exactly 5 ligands bound, produces sub-complexes with each subunit 
carrying predominantly one ligand. In contrast, SID of CTB pentamer with exactly 5 ligands bound, 
results in sub-complexes with a distribution of ligand reflective of two subunits contributing to each 
ligand binding site. Our results therefore suggest that SID-HRMS is a promising method for localizing 
sites of ligand binding within multi-subunit protein-ligand complexes. The SID-HRMS method is 
inherently higher-throughput than traditional high-resolution structural biology techniques, and could 
be particularly useful as a screening method for structure-based drug design and metabolite binding 
studies.  
 
(29) Characterization of the non-covalent interactions between poly (styrene sulfonate) and 
peptides using multistage tandem mass spectrometry 
Benqian Wei1, Selim Gerislioglu2, Mehmet Atakay3, Bekir Salih3, Chrys Wesdemiotis1, 2 
1. Department of Polymer Science, The University of Akron, Akron, OH, United States.  
2. Department of Chemistry, The University of Akron, Akron, OH, United States.  
3. Department of Chemistry, Hacettepe University, Ankara, Turkey 

Electrospray ionization multistage tandem mass spectrometry (ESI-MSn) was employed to examine the 
non-covalent interactions between poly (styrene sulfonate) (PSS) and poly-L-lysine (PLL). During 
single-stage ion activation, the PLL chain mainly underwent backbone cleavages without disruption of 
the non-covalent interaction which could only be broken via sequential application of electron transfer 
dissociation (ETD) and collisionally activated dissociation (CAD), indicating the presence of strong 
binding between the two polyelectrolyte chains. The observation of such strong binding properties 
showed that PSS can potentially be an effective “non-covalent label”, as an alternative for 
investigating the surface accessibility of basic residues on a peptide or protein. To probe this 
premise, non-covalent complexes of substance P and PSS were characterized by ESI-MSn using 
different ion activation methods. Both MS2 and MS3 on the [substance P]-PSS complex resulted in the 
formation of bn (with CAD) or cn (with ETD) fragments with the intact PSS chain bound by non-covalent 
interaction. All of these fragments that were bound to the intact PSS chain contained Arg1, Lys3, and 
Gln5, implying that these residues which are closer to the N-terminus are more likely to be involved in 
the non-covalent interaction. In contrast, Gln6 should have a much weaker involvement as it was not 
encompassed in the complex ion. PSS has shown sufficiently strong tendency to bind peptides non-
covalently at sites that can be elucidated by MSn, which is presented here as a proof-of-concept 
approach for future applications to proteins. 
 
(30) A Multi-Omics Approach to Reveal the Effects of Chemical- and Salmonella-induced 
Inflammation on Murine Intestines 
Jikang Wu (1), Mikayla Borton (2), Anice Sabag-Daigle (3), Brian Ahmer (3), Kelly Wrighton (2) and Vicki 
Wysocki (1) 
(1) Department of Chemistry and Biochemistry, The Ohio State University, Columbus, OH (2) 
Department of Microbiology, The Ohio State University Columbus OH (3) Department of Microbial 
Infection and Immunity, The Ohio State University, Columbus, OH 

Salmonella is the leading cause of death from foodborne illness in the U.S., however little is known 
about the interaction of Salmonella with the gut microbiome. Here we applied non-targeted 
metabolomics and 16S rRNA gene analyses to reveal the chemical and biological environment in the 
murine intestine with inflammation induced by dextran sulfate sodium (DSS) or Salmonella. The 
enhanced understanding of Salmonella’s interaction with the environment may reveal new 
therapeutic strategies for prebiotics or probiotics for maintaining or restoring the microbiota in 
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response to Salmonella perturbation. A principal component analysis of all the chemical features 
detected from all samples indicated that control, DSS, Salmonella treatment groups had different 
profiles. These trends matched the metagenomic profiling data. Non-targeted metabolic profiling 
revealed significant changes for metabolites from several putative chemical classes and pathways. 
Several amino acids, including proline, phenylalanine, lysine increased in the Salmonella-infection 
group. An increase of several flavonoids in the Salmonella-infection group was also observed. 
Several dipeptides decreased in the Salmonella-infection group compared with the control group. 
The increase of some carbohydrates, fatty acyls, polyamines and the decrease of bilirubin reduction 
products like urobilinogen and mesobilirubinogen were observed for the Salmonella-infection group. 
The accumulation of nutrients like amino acids and carbohydrates was likely due to the loss of 
commensal microorganisms. A correlation analysis of operational taxonomic units (OTUs) and 
significantly changed metabolites found a series of strongly correlated metabolite and OTU pairs. The 
changes of urobilinogen, mesobilirubinogen and cadaverine were further confirmed using a targeted 
analysis. 
 
(31) Evaluating the influence of EGCG to gut bacteria-host cell interaction via HPLC-MS/MS based 
targeted metabolic profiling 
Mengyang Xu, Meng Lu, Anthony Sallese, Kundi Yang, Fanyi Zhong and Chris Zhu*  

Department of Chemistry and Biochemistry, Miami University Oxford, OH 45056 
It is well known that polyphenol compounds derived from plants have a variety beneficial health 
effects, and almost 95% of daily-consumed polyphenols (range from less than 100 mg to over 2 g) is 
expected to reach the colon and is fermented by gut microflora. However, mechanistic and metabolic 
study of their impact to pathogenic bacteria and human colonic cells have not been fully investigated. 
This study evaluated the influence of phenolic compounds for their protective effects to human 
colonic cells. Seven polyphenols (caffeic acid, quercetin, epigallocatechin gallate (EGCG), phloridzin, 
catechin, daidzein and chlorogenic acid) and four bacterial strains (Escherichia coli K12, Escherichia 
coli O157:H7 and Staphylococcus aureus ATCC 29213) were used and the minimum inhibitory 
concentration (MIC) of these compounds on the four strains were investigated. A variety MIC, ranging 
from 0.0156 mg/ml to 2 mg/ml, was observed in this study. Based on the MICs, EGCG was selected to 
test for its protective effect to human colonic cells. The effects of phenolic compounds on adhesion of 
bacteria to cultured Caco-2 cells were determined by counting the number of colonies grown on the 
nutrition agar plates. The bacteria adhesion assay reveals a strong inhibitory effect on the adhesion of 
Escherichia coli O157:H7 and less inhibitory effect on the adhesion of Escherichia coli K12 and 
Staphylococcus aureus ATCC 29213 at doses of 15 μg/ml to Caco-2 cells after 1 hour of pretreatment 
of EGCG. Metabolite extractions of the cell cultures were conducted, and samples were analyzed by 
HPLC-MS/MS to investigate the metabolic difference of the host cells with or without addition of 
EGCG. The metabolic changes and pathways that underline the protective effect of EGCG on human 
gut cells were identified.  
 
(32) Metabolites pattern based separation of different bacterial strains with combined 
Metabolomics Technologies 
Kundi Yang, Fanyi Zhong and Jiangjiang (Chris) Zhu 
Department of Chemistry and Biochemistry, Miami University, Oxford, Ohio, USA 

Metabolomics is a system biology technique that has been widely applied in many biomedical 
applications, ranging from disease diagnostics to treatment monitoring. Previous targeted 
metabolomics studies from our group have attempted in differentiating bacterial strains based on their 
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metabolite patterns. However, the limit number of metabolites detected in the past may not fully 
disclose the metabolic difference in some closely related bacteria species/strains. In this study, we 
took advantages of both targeted and untargeted metabolomics technologies by using a triple 
quadrupole mass spectrometer in combination with a linear ion trap-Orbi trap hybrid mass 
spectrometer, to investigate their joint capability in deciphering subtle metabolic difference in closely 
related bacterial species/strains. First, we evaluated the selected reaction monitoring (SRM) and high-
resolution MS data for metabolite quantitation, and both technique showed good linearity within their 
dynamic ranges by using a pooled QC sample. Then the established platform was applied to 
differentiate 4 aerobic bacterial (Escherichia coli) strains, and 4 anaerobic bacterial (Lactobacillus) 
species in identical growth conditions. The targeted metabolic profiling data was analyzed by 
MetaboAnalyst 4.0 after obtaining manually integrated MS peaks intensity, while Compound 
discoverer 2.1 was applied for untargeted metabolic profiling study. In addition to separate statistical 
analysis of targeted and untargeted data, a data combining process was also applied and the 
combined data was again analyzed. When coupled HILIC chromatography, 167 metabolites from 
aerobic bacteria and 234 metabolites from anaerobic bacteria were semi-quantitatively detected by 
targeted metabolites analysis, these number was extended to 257 and 580 respectively after a 
second run of high-resolution mass spectrometer for untargeted scanning with a series of strict data 
filtering process. The results showed that both similarities and differences across these closely 
related bacterial strains/species can be observed via metabolic profiling approaches. 
 
(33) A metabolomics approach to better understand soybean aphid (Aphis glycines) adaptation to 
aphid-resistant soybean 
 
Ashley Yates1, Andy Michel1,2, Joshua J. Blakeslee1,3 
The Ohio State University, Ohio Agricultural and Research Developmental Center (OARDC) 
1Center for Applied Plant Sciences 2Dept. of Entomology 3Dept. of Horticulture and Crop Sciences and 
OARDC Metabolite Analysis Center (OMAC) 

Plants are equipped with physical and chemical defenses to protect against herbivory. Despite these 
defenses, insects survive and proliferate by co-evolving with target plant species. In crop plants, host 
plant resistance (HPR), or naturally occurring resistance gene(s), affords enhanced protection against 
insect pests. One of the most important insect pests in soybean is the soybean aphid, Aphis glycines. 
A. glycines can be managed by using HPR, and the soybean resistance genes are termed Rag genes 
(resistant to Aphis glycines). Durability of Rag genes is threatened by evolution of resistance-breaking 
aphids (i.e. virulence). Although the molecular mechanisms underlying aphid virulence are mostly 
unknown, preliminary gene expression data suggests that virulent A. glycines modify expression of 
phytohormone-related genes to overcome Rag resistance. In addition, preliminary metabolomics data 
in soybean suggest that secondary metabolites (particularly phytohormones) significantly impact plant-
pathogen interaction. Many parallels exist between pathogen infection and aphid feeding 
mechanisms, and, given the importance of phytohormones in our preliminary data, we hypothesize 
that virulent A. glycines modify soybean phytohormones to overcome HPR. Our objectives are to 1) 
identify and quantify phytohormone metabolites and 2) compare the phytohormone responses in 
susceptible and Rag-containing soybean after aphid feeding. Elucidating the mechanisms of aphid 
adaptation increases our knowledge of Rag resistance and promotes the durability of HPR.  
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(34) RaMP: A Comprehensive Relational Database of Metabolomics Pathways to help interpret 
transcriptomic and metabolomic data. 
Bofei Zhang1 , Senyang Hu1 , Elizabeth Baskin1 , Andrew Patt1,2 , Jalal K. Siddiqui1, and Ewy A. Mathé1  

1. Department of Biomedical Informatics, College of Medicine, The Ohio State University 
2. Biomedical Engineering Graduate Program, The Ohio State University 

Metabolomics plays a critical role in translational research, and metabolomics data are increasingly 
collected in clinical samples. Interpreting metabolomic data though is challenging and the biological 
mechanisms involved in the regulation of disease-associated metabolites are seldom known. To 
facilitate interpretation of metabolomics data, we have developed RaMP (Relational database of 
Metabolomics Pathways), an off-the-shelf, comprehensive and public database that maps genes and 
metabolites to biochemical/disease pathways. RaMP combines biological pathways from the Kyoto 
Encyclopedia of Genes and Genomes (KEGG), Reactome, WikiPathways, and the Human Metabolome 
DataBase (HMDB). Our database can either be downloaded directly for integration into pathway 
analysis tools, or can be accessed via our user-friendly RShiny web application included in RaMP R 
package (https://github.com/Mathelab/RaMP-DB). Our web application allows users to send simple 
and batch queries without any previous MySQL knowledge. Currently, RaMP supports the following 
queries: 1) find metabolites/genes from give pathways, 2) find pathways from given metabolites/genes, 
3) find metabolites/genes pair within same reactions, 4) find metabolites from given ontologies. We 
have also implemented pathway overrepresentation analysis (including clustering of pathways of 
pathways with high content overlap) given a list of genes or metabolites of interest (query2) and 
visualization of gene-metabolite catalyzation networks (query 4). In support of transparency and 
reproducibility, we have also made public the Python code needed to recreate and update RaMP 
database (https://github.com/Mathelab/RaMP-BackEnd). RaMP is continuously being updated and we 
welcome feedback to further improve the coverage of annotations in RaMP and pathway analysis 
approaches.  
 
(35) An Improved Solid Phase Extraction Method for Isolating Transfer RNA 
Ruoxia Zhao1, Robert Ross1, Manasses Jora1, Mellie June Paulines1, Patrick A. Limbach1 
1 University of Cincinnati Chemistry Dept, Cincinnati, OH 

Transfer ribonucleic acids (tRNAs) carry the greatest density of post transcriptional modifications of 
any subfamily of RNA. There are currently over 150 known modified nucleosides. The biological 
impact of nucleoside modifications includes structural integrity of the RNA, recognition elements for 
protein-RNA interaction, facilitating or restricting codon-anticodon pairing, and gene regulation. One 
method for identifying post-transcriptionally modified nucleosides has been the use of liquid 
chromatography coupled to electrospray ionization tandem mass spectrometry (LC-ESI-MS/MS). 
However the commonly used methods for isolating tRNA from RNA are tedious, require large 
amounts of sample (e.g., DNA probes) or cannot discriminate RNA below ~200bp (eg. salt gradient). 
Incompletely purified tRNA decreases the reproducibility of measurements obtained from biological 
replicates. By optimizing tRNA extraction, we are able to increase the yield of tRNA and isolate 
cleaner tRNA. LC-MS/MS results showed that the amount of rRNA modifications in purified tRNA 
samples decreased compared to the samples purified by alternative approaches, and previously 
identified tRNA modifications in prokaryote model (Escherichia coli), eukaryote model 
(Saccharomyces cerevisiae), and mammalian cells are present in higher levels when samples are 
purified by this method.  

https://github.com/Mathelab/RaMP-DB
https://github.com/Mathelab/RaMP-BackEnd
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