In Vivo Stable Isotope Labeling of 13C and >N Labeled Metabolites and Lipids
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Abstract Results: Taraeting 13C/15N Labeled Metabolites Results: Untargeted 13C Labeled Lipidomics & Metabolomics

Glucose and glutamine provide the primary energy sources for cells to grow and proliferate. Data
emerging in the past decade illustrate that common genetic abnormalities in cancer converge on a

program of metabolic disregulation that enhances glucose and glutamine utilization and thereby Tracking 13C through Glycolysis, TCA Cycle and
Pentose Phosphate Pathway

Untargeted LC-MS/MS Lipidomics Platform Use of LipidSearch software for unbiased Lipid
o eter for Linidormice Platform Identification from Untargeted LC/MS/MS data

provides cancer cells with a proliferative advantage. To study metabolic reprogramming, we used
13C-labeled glucose and 13C-labeled glutamine to target and track the diversion of these molecules

QExactive Plus and LipidSearch Software (Fhermo Scientific)

into several metabolic pathways, including glycolysis, the TCA cycle, the pentose phosphate The TSG1/TSC2 - mTOR Pathway is a Metabolic Switch for Cell Growth and Proliferation _. D e
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Thermo QExactive Plus (QE+) in DDA and MS1-DIA modes. Both platforms use positive/negative
switching from a single 15-20 min LC-MS/MS experiment. For 5500 data, peaks were integrated using
MultiQuant software and analyzed using MetaboAnalyst, MarkerView and in-house developed tools.
QE+ data were analyzed using SIEVE, LipidSearch and TraceFinder software.
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An untargeted platform using data dependent acquisition (DDA) with

pos/neg switching was developed using the QExactive Plus mass

spectrometer for lipidomics profiling. e ’N |
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13C and 15N labeled giutamine and aspartic acid were used to trace
carbons through the first 3 steps of de novo pyrimidine synthesis.
Phosphopeptide data correlated with metabolomics data proving that
MTOR controls this process.
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Tumors and highly metabolic cells love glucose Tracing carbon over time like flight tracking
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Ben-Sahra , Howell et. al., Science, 2013
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‘Warburg Effect states that glucose is
taken up at a high rate and converted to
lactate by cancer cells’

David Peake et al, Thermo Fisher Scientific

Thermo’s new LipidSearch software was used to identify and quantify lipids from
30 min gradient, QEPIuS H929 myeloma cells from our untargeted QExactive Plus DDA-pos/neg switch
unlabeled lipids — H929 DDA, pos/neg switth platform over several drug conditions.
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Results: In Vivo 13C Labeling of Mice
Regardless of the genetic defects that cancer cells possess, they have to rely on central carbon metabolism

for growth and survival. FDG PET is a great example that cancers take up glucose at high rates. Mass In ViVO 13C glucose IabEIing BRCA1 Mice
spectrometry can be used to trace the carbon atoms from glucose and glutamine into metabolites and lipids. . e .
Treated with PI3K Inhibitor

RESUItS: Tar EtEd Metabo’omics Plat orm Via SRM Significantly (P < 0.05) differentially regulated metabolites in

labeled mouse ftumors upon PI3K Inhibitor treatment
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Lipid and Metabolite Species identified during a single HILIC
LC/MS/MS DDA run via MS1 m/z*uSing SIEVE from H929 Cells
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Targeted Polar Metabolite Profiling Platform
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In Vivo Labeling of mice

fumarate_13 IP injection
homocysteine 12 E
inosine_12

orotate 12

TCA Cycle Iso)citrate_12
- arnitine i
taurine 12+13 ‘l,
Hl?ﬂ%i‘ﬁ?&z 19+13 Test blood glucose/sac mice
<t
<<
o)

Retention Time {min)

13C-labeled glucose was added to H929 cells and unbiased LC-MS/MS | <:.-__'_
profiling using the QE+ showed that carbon atoms were incorporated into
several lipid species based on m/z shifting after lipid extractions.
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QExactive Plus in All lon Fragmentation (AIF) mode e T e L i

Mixed metabolite lipid — 326 metabolitesidentified (KEGG, HMD, NIST-GifemSpider)

for Pseudo-SRM AND Metabolite ID - 268 lipids identified (LipidMaps-ChemSpigder)

Untargeted Polar Metabolomics: QE+, Xbridge Amide HILIC (+/-), 15 min. MS1-AIF aequisition A DDA platform with pos/neg switching from m/z 80-1200 using the QE+
Y was implemented for both lipidomics and metabolomics profiling in the

= same 20 min. LC-MS/MS run using high pH HILIC chromatography since
Glutathione disifide}n/z 613.16, MS! metabolites and lipids elute in different chromatographic regions.

LC-MS/MS (SRM)

PCA analysis Cancer cells

MarkerView .
Metaboanalyst.ca Clustering (MatLgb, Metabeanalyst.ca)

KEGG pathway mapping MultiQuant v2.0 Peak Area
integration software

Sample Name avgDMSO  avg BEZ avg BKM avg U0126
3-phosphoglycerate 1330385.962 871663.9395 1038599.88 943607.0569

Ward & Thompson, Cancer Cell, 2012
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Glycolysis and TCA Cycle Are Affected by PI3K inhibition

13C glucose and/or glutamine (10% solutions) can be injected into the mouse using
several methods including intraperitoneal injection, jugular vein bolus and tail
vein. With 60% labeling efficiency, significant metabolic changes can be observed.

3-phospho-serine 152487.2158 83097.6478 73986.5328 31000.0000
D.glyceraldehdye.3-phosphate  254477.5084 293208.1613 209570.2472 194280.8415
dihydroxy.acetone-phosphate  357217.2808 274197.6204 227350.7244 210859.1435
fructose.1,6-bisphosphate 1059370.361 808511.4636 1082381.874 682001.4833
fructose.6-phosphate 1471332.891 1019002.062 1046811.137 1054938.996
ucose.1-phosphate 761216.5713 605856.8664 815435.949 811274.948

ucose.6-phosphate 955670.737 704956.8497 635987.2986 741371.4211

exose-phosphate 19302214.34 14375529.9 20558058.05 16548067.87

95442398.42 94957148.33 103044596.9 101662913.9

Yuan, et. aI., Nature PI‘OtOCOIS, 20123 osphoenolpyruvate 258107.2535 217613.2952 323347.9553 382350.6681
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In Vivo 13C Glucose Incorporation into KRas
Mouse Tumors

SRM LC-MS/MS platform for polar metabolic profiling using a single 15 min. HILIC
column run with positive/negative polarity switching at 3 msec dwell times with no
chromatographic scheduling.
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MS2-Pos Most Abundant Lipid Classes in Rat Liver vs. H929 Cancer Cells
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In Vivo Hierarchical Clustering of 1*C6-Glucose Signal in KRas*Tumors
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Pseudo-SRM Analysis from AIF Data
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Steady-State Metabolic Flux Analysis:
“SILAC” version for metabolomics
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Precursor-Ali lon Fragmentation (MS1-AlIF) acquisitions on the QE+ using k.
pos/neg switching to replace (or complement) traditional SRM acquisitions for . 8%

polar metabolites and some lipids. It also has the ability to re-probe datasets for | | Lipid classes and fatty acid chain lengths from a cancer cell line and rat liver tissue
male e peaks of interest (by precursor mass and fragment ions) were compared using DDA pos/neg profiling on the QE+ and LipidSearch software.

e Ying et. al., Cell, 2012 —CO nc I us i ons

Polar metabolomics from injecting *C labeled glucose into mice and harvesting Targeted MS can be used successfully track the fate of 13C or 15N labeled molecules In Vivo
the tumors and other organs was successful in distinguishing metabolic changes

between KRas activation states (+/- Dox). Glucose shunts to the non-oxidative *Tracking the activated or altered metabolic pathways in cancers is important for recognizing cancer cell types that
pentose phosphate pathway in KRas G12D tumors. have a growth survival benefit
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Metabolic pathways in established cell lines are labeled with 13C.-glucose, 13C.-

glutamine or '°N,-glutamine (Cambridge Isotope Labs) to 11 mM (glucose) or 2 mM ‘Understanding these altered metabolic pathways is important for determining how we can intervene to block these
(glutamine) and maintained for 16-24 hr. pathways

2N *Untargeted DDA and AIF on a QExactive Plus MS are effective methods for detecting and quantifying lipids and
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