Facilities and Other Resources

Institution: The University of Massachusetts Chan Medical School (UMass) was established in July 1962 and is Massachusetts’ first and only public academic health sciences center; it has since consistently produced noteworthy advances in basic, clinical, and translational research. Areas of research strength include infectious disease and immunology, gene expression and gene function, RNA biology, and systems biology. Leading investigators in the biomedical fields work across departments in a very collegial, collaborative atmosphere, which greatly enhances trans-disciplinary partnerships and scientific productivity. The research community at UMass provides a strong intellectual and highly collaborative environment to execute this project.
UMass Medical School Core Facilities: UMMS provides a wide array of core facilities (Research Core Facilities at UMass Chan | UMass Chan Medical School (umassmed.edu) that provide access to state-of-the-art technologies, equipment, and services.
Specifically for this proposal, the Proteomics and Mass Spectrometry Facility at the UMass Chan Medical School (UMass), founded in 2010 and led by Dr. Vikas Kumar, provides a wide range of analytical capabilities in the field of proteomics. With multiple mass spectrometry platforms for data acquisition and extensive resources for sample preparation, data analysis, and informatics, this unique resource in biological mass spectrometry covers numerous applications in quantitative proteomics, intact protein analysis offering state-of-the-art platforms for measurement of a wide range of endogenous biomolecules including peptides (peptidomics), proteins (proteomics) from samples ranging single cells, fractionated organelles, cell lines, tissues or biofluids. This can be done in a “targeted” hypothesis-driven manner or by an “untargeted” hypothesis-generating approach. Exogenous compounds, such as drugs and other xenobiotics, are also measured, often to address preclinical or clinical questions in biodistribution, pharmacokinetics, and drug metabolism. In most cases, robust, accurate, and repeatable quantitative analyses are enabled and achieved through stable-isotope labeling techniques.
The Proteomics and Mass Spectrometry Facility is equipped with eight mass spectrometers that include:

1. Bruker timsTOF Pro2 with nanoElute UPLC is ideally suited for the proteomic studies proposed in this proposal. A timed ion mobility quadrupole time-of-flight mass spectrometer enabling exceptional detection and sensitivity for quantitative proteomics workflows. Single-shot applications using fast (high-throughput) or traditional (deep coverage) nanoflow gradients. Ideal for stable isotope label (e.g. SILAC) or label-free (peptide peak area) quantitative proteomics workflows. Parallel search engine in real time (PaSER) provides comprehensive qualitative results for immediate feedback on experimental results, sample integrity, or system suitability.

2. Thermo Scientific Orbitrap Fusion Lumos Tribrid with Waters NanoAcquity UPLC is ideally suited for the labeled proteomics studies proposed. A quadrupole-Orbitrap-linear ion trap tribrid mass spectrometer employing HCD, CID and ETD fragmentation options. This instrument is equipped with a FAIMS PRO source for atmospheric ion mobility separations providing improved analyte selectivity and expanded proteome coverage. Analysis of complex protein digests including identification of post-translational modifications, covalently bound protein-drug adducts, and chemically cross-linked peptides. Ideal for stable isotope label (e.g. TMT, SILAC) or label-free (peptide peak area) quantitative proteomics workflows.

3. Thermo Scientific Q Exactive with Waters NanoAcquity UPLC, for proteomics. A quadrupole-Orbitrap hybrid mass spectrometer employing HCD fragmentation is used for proteomics applications. Analysis of simple and complex protein digests. Ideal for peptide mapping, protein ID or label-free (peptide peak area) quantitative workflows.

4. Thermo Scientific Q Exactive HF-X with Vanquish Flex UHPLC, for metabolomics profiling and targeted quantification. A quadrupole-Orbitrap hybrid mass spectrometer employing HCD fragmentation and conventional flow UHPLC. Metabolomics applications include untargeted metabolomic and lipidomic profiling and targeted assays.

5. Waters Synapt G2-Si with Acquity UPLC, a quadrupole time-of-flight mass spectrometer enabled with gas-phase ion mobility separations for improved analyte selectivity for intact protein, mAb, and oligonucleotide analysis (intact and reduced proteins, mAb's, and oligonucleotides analyzed by ESI LC-MS with a Waters Acquity UPLC. UPLC fitted with an inline UV detector, nanoflow UPLC options also available), and for mass spectrometry tissue imaging (in-situ tissue imaging for mapping the spatial distribution of exogenous drugs or endogenous lipids and metabolites in sectioned tissue, Nd:YAG high repetition laser for matrix- assisted laser desorption/ionization (MALDI) applications, HTX Technologies TM-Sprayer for matrix application, desorption electrospray ionization (DESI) option available).

6. Waters Xevo TQ-XS with Acquity UPLC, for targeted metabolomics. A triple quadrupole mass spectrometer for targeted metabolomics and small molecule quantitation using conventional flow UPLC. UPLC fitted with an inline photodiode array detector.

7. Thermo Scientific TSQ Quantiva with Dionex UltiMate 3000 UHPLC, for targeted metabolomics. A triple quadrupole mass spectrometer for targeted metabolomics and small molecule quantitation using conventional flow UHPLC. A Proxeon EasyLC is also available for nanoflow applications.

8. Thermo Scientific Orbitrap Velos Pro with Accela 1250 UHPLC or Waters NanoAcquity UPLC, a linear ion trap-Orbitrap hybrid mass spectrometer employing CID, HCD, and ETD fragmentation. Used for untargeted metabolomic and lipidomic profiling and targeted assays using HCD fragmentation using conventional flow UHPLC. Nanoflow UPLC for high-sensitivity applications, including neuroactive steroids, modified nucleotides, and peptides.

Other resources for sample preparation and data acquisition included an AccelerOme Automated Sample Preparation Platform (ThermoScientific), a Bead Ruptor 12 (OMNI International), Centrifuge 5425R and Centrifuge 5425 (Eppendorf), four -80 freezers, an Accela 1250 pump (Thermo Scientific), an imaging system TM-Sprayer (HTX Imaging), one biological Safety Cabinet Logic Plus (Labconco) and two fume hoods (Labconco), one thermos-shaker MSC-100 (Aosheng), a spectrophotometer NanoDrop 2000 (Thermo Scientific), centrifuge Legend RT Plus (Thermo), Nanoelectrospray System Nanomate 100 (Advion), two Biochem Res Equip:DNA Enzyme Dodeca Cell (Bio-Rad), a capillary polishing Station 2 (ESI Source Solutions, LLC), a Pico View 100 (New Objective Inc), two precision balance Mettler AE 240 (Mettler Instrument Corp) and Explorer (Ohaus Corporation), incubator Heratherm (Thermo Scientific), IncuMax CV80 Convection Oven (Amerex Instruments, Inc), lab oven 6528 (Thermo Fisher Scientific), LabMed microscope (LabMed), SpeedVac Concentrator with refrigerated Vapor Trap RVT5105 (Savant), Barnstead Water Pretreatment system with Smart2Pure Pro water purification system (Barnstead-ThermoScientific), link to a Labconco FlasScrubber dishwasher.
For the proteomics and metabolomics data analysis pipeline the facility is equipped with multiple data analysis workstations including two new Precision 7960 Tower Workstations, loaded with single- or site-licensed software, analysis programs, and all necessary tools for data analysis, interpretation and publication assistance included Proteome Discoverer (ThermoFisher Scientific), Scaffold 5/Scaffold Q+S (Scaffold Proteome Software, Inc), Spectronaut (Biognosys AG, Next Generation Proteomics), Mascot (Matrix Science), Compound Discoverer (ThermoFisher Scientific), MaxQuant/Perseus (Max Planck Institute of Biochemistry), needed to fulfill the objectives of this proposal. Operating systems and critical core software programs are supported and upgraded by UMass Information Services. Data are stored and backed up on a secure network drive; connection to the internet allows electronic data sharing with collaborators.

Our staff has the technical expertise and resources needed to carry out the proteomics analyses outlined in this grant application. Should the proposal require other approaches, we have expertise in many areas of mass spectrometry, including proteomics and metabolomics, and the necessary instrumentation.

