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Mul omics Analysis for Biomarker Discovery in Type 1 Diabetes  

Shotgun Lipidomics and its Applica ons for Biomedical/Biological Research  

Type 1 diabetes (T1D) results from the progressive loss of the insulin‐producing 
beta cells in the pancrea c islets as a result of an autoimmune response. To 
iden ty new T1D biomarkers and possible mechanisms of beta cell death, we 
have been performing mul ‐omic analysis of beta cell line, pancrea c islet, 
blood plasma and urine. These analyses resulted in the iden fica on and 
quan fica on of several thousand proteins and hundreds of metabolites and 
lipids across different samples.  We then validated markers by an independent 
proteomic and western blot analyses. Comparisons across different datasets 
showed proteins and metabolites regulated in cells and islets can also be 
detected in peripheral fluids. In summary, mul ‐omics analyses a large set of 
molecules that can be used not only as new biomarkers of beta cell stress but 
also to bring mechanis c insight to molecular processes occurring in T1D.  

Lipidomics, a subdiscipline of metabolomics, is referred as to the study of 
cellular lipids in a large scale based on the principles and technologies of 
analy cal chemistry. Tradi onal chemical analysis of lipids involves isola on 
and separa on by using high‐performance thin‐layer chromatography or high‐
performance liquid chromatography. We developed a robust, sensi ve, and 
high‐throughput technology pla orm for analysis of cellular lipidome a er 
direct infusion of lipid extracts, which has collec vely been referred to as 
“mul ‐dimensional mass spectrometry‐based shotgun lipidomics (MDMS‐SL)”. 
At its current stage of development, this pla orm allows iden fica on and 
quan fica on of nearly fi y lipid classes, hundreds to thousands of individual 
lipid species, and >95% of the content of a cellular lipidome. This pla orm has 
been employed for numerous biological and biomedical studies. In the 
presenta on, lipidomics and shotgun lipidomics are briefly introduced and 
applica ons of shotgun lipidomics for biomedical/biological research are 
presented.  

Dr. Ernesto Nakayasu 
Scien st 
Pacific Northwest Na onal Laboratory  

Dr. Xianlin Han 
Professor 
Sanford Burnham Prebys Medical Discovery Ins tute  

Wifi/Username:   MetabolomicsWorkshop 
Password:              MetaWork0509 



Metabolomics Workshop 
May 9, 2017 
Beadle E103 

 

 
Morning Mini‐Symposium Session — Contribu on of mass 

spectrometry‐based metabolomics and new bioinforma cs 
strategies in the understanding of the systems‐level effects 
of metabolites. 

7:45‐8:30 am Registra on and Breakfast (Atrium) 
8:30‐8:40 am Welcome — Archie Clu er, Dean, Agricultural Research 

Division 
8:40‐9:30 am Jessica Prenni ‐ Associate Professor, Director of Research 

Core Facili es, Director of Proteomics & Metabolomics 
Facility, Colorado State University  

9:30‐10:20 am Gary Pa  – Associate Professor, Department of Chemistry, 
Washington University in St. Louis  

10:20‐10:50 am Coffee Break (Atrium) 
10:50‐11:40 am Xianlin Han – Professor, Sanford Burnham Prebys Medical 

Discovery Ins tute  
11:40‐12:30 pm Ernesto Nakayasu – Scien st, Pacific Northwest Na onal 

Laboratory  
 

A ernoon  Metabolomics Workshop Talks — Dr. Suraj Dhungana, 
Waters Corp.  

12:30‐1:30 pm Lunch Break (Atrium) 
1:30‐2:30 pm Study Design, Sample Prepara on, and Quality Control 

Considera ons – followed by round table discussion  
2:30‐3:30 pm Mass Spectrometry‐Based Metabolomics – followed by 

round table discussion  
3:30‐3:50 pm Coffee Break (E103) 
3:50‐5:00 pm Data analysis – followed by round table discussion  
5:00‐5:30 pm Proteomics & Metabolomics Facility Tour ‐ Op onal  
 

 
Info about the PMF and researchers 
 

The Proteomics and Metabolomics Facility (PMF) at the Center for 
Biotechnology offers a range of technical analy cal services using mass 
spectrometry, including iden fica on and rela ve quan fica on of proteins 
and several advanced methods for profiling and quan ta on of small 
molecules.  
 

For fee‐for‐service and collabora on inquiries, please contact us at: 
 

Sophie Alvarez, salvarez@unl.edu 
Mike Naldre , mnaldre @unl.edu 
Phone: 402‐472‐4575 
h p://biotech.unl.edu/proteomics‐and‐metabolomics 

Dr. Gary Pa  
Associate Professor, Department of Chemistry 
Washington University in St. Louis  

Profiling Metabolites at the Global Level: the Next Fron er or the Last Resort?  

Metabolomics as a Molecular Tool to Understand the Mechanism of Nitrogen 
Use Efficiency and Interac ons with the Soil Microbiome in Energy Sorghum  

Over the last decade, advances in technology have greatly simplified the 
acquisi on and processing of metabolomic data. It is now dangerously simple 
to obtain untargeted metabolomic datasets. The ques on has become, what 
can one learn from these datasets? This talk will focus on the do's and don'ts of 
interpre ng untargeted metabolomic data. Evidence will be presented to 
illustrate when common assump ons made about the data break down. 
Finally, an example of applying metabolomics to study cancer metabolism will 
be highlighted.  

Metabolomics is a powerful analy cal approach that can be u lized to explore 
changes at the molecular scale that occur in biological systems as a response to 
stress or interac ons with the environment. Despite the growing interest in this 
approach, significant technological challenges remain, in par cular the process 
of accurately and efficiently annota ng reten on‐ me specific mass signals as 
biological compounds. We have developed a novel approach, RAMclustR, which 
clusters mass signals based on similari es of both quan ta ve correla on and co
‐eul on. The output of RAMclusR is a cluster of peaks (i.e. a spectrum) for each 
detectable metabolite in the dataset. Metabolite annota on is then based on 
spectral matching against spectral libraries, allowing for more rapid, accurate, 
and complete annota on of non‐targeted MS‐based metabolomics datasets. 
Here, we have applied this technology to explore the molecular changes that 
occur in energy sorghum as a result of nitrogen stress and interac on with the 
soil microbiome. Our preliminary results suggest altera ons within pathways 
related to the metabolic storage of nitrogen in root cells as well as incomplete 
flux through the Shikimate pathway in plants grown under low nitrogen 
condi ons. Complementary microbiome analysis revealed a correla on of these 
metabolic changes as well as root phytohormone levels with a large increase in 
Pseudomonas in the rhizosphere.  Ongoing and future work is focused on 
expansion of these results with more biological replica on and inclusion of 
water stress in the experimental design to enable closer evalua on of these 
pathways and integra on of the results with phenotypic field data.  

Dr. Jessica Prenni 
Associate Professor, Director of Research Core Facili es,  
Director of Proteomics & Metabolomics Facility,  
Colorado State University  


