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Serial-Omics and Untargeted Fluxomics: From Tumors to Bodily Fluids to 
Dried Blood Spots

• 3-Omics from one sample prep
• Value for reproducibility and precious sampling
• Interesting applications – blood spots, cells, breast tumors, etc.

• Untargeted metabolite and lipid 13C/15N Fluxomics
• Beyond just what we know
• If we can identify it with high resolution, we can flux it



Coming soon…

Thermo Fusion Lumos Tribrid MS

PPG integral in the 
development of many 
of these services

PO held up by pandemic  



Integrating Different –Omics Approaches 

Cell signaling to central carbon and fatty acid metabolism

PI3K
AKT

Proteomics

Lipidomics

Metabolomics

Breitkopf SB, et al. Metabolomics. 2017



Breitkopf et. al., 2015, Anal. Chem.

H929 cells/multiple myeloma

Separate Omics experiments (Old) Integrated (Serial) -Omics experiments (New)

Willmitzer lab, Max-Planck 
Institute, Germany   -Plants

Ahrends lab, Univ. of Vienna-
stem cells

wasteful



MTBE 

extraction

Integrated Serial-Omics Platform Workflow

Top Layer: Non-polar Lipids

Middle Layer: Polar Metabolites

Pellet: Protein, DNA

LipidSearch software
Elements software

MetaboAnalyst

QE+/HFx

Non-polar Lipids 

Speed-Vac Dry
Resuspend in 50/50 IPA/MeOH

DDA, HCD, +/- switch, RP-C18

SRM, +/- switch, >300 unlabeled targets
185 13C/15N targets, Amide-HILIC

MultiQuant
MetaboAnalyst

Elements
Mascot / Scaffold

MaxQuant

QE+

6500  QTRAP

QE HFx

Polar Metabolites 
Peptides/Phosphopeptides

Speed-Vac Dry
Resuspend in H20 Pellet dissolved in 

lysis buffer

DDA, HCD, RP-C18

Digest with Trypsin 
Fractionation 

IMAC/TiO2
TMT labeling (126-131)

DDA, HCD, +/- switch

1200

5-10 mg frozen
tissue grind

Extract & snap 
freeze tissue

SDS-PAGE Gel Fractionation
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Applications

• Tumors/Cell lines
• Dried Blood
• Urine/Serum
• Hair

Min Yuan

Susanne Breitkopf



2.1 mm x 10 cm C18 (lipidomics); 75 m x 10 cm C18 (proteomics)
4.6 mm x 10 cm amide HILIC (metabolomics)

Pos/Neg polarity switching (~10 points/peak)
HCD-DDA (Top 8) pos and neg mode 

Lipid layer

Aqueus layer

MTBE

Solid pellet

Cancer cells
Agilent 1100/1200Thermo 

QExactive +/HFx

Platform for Untargeted Lipidomics/Metabolomics/Proteomics

Blood plasma Tumor tissue

LipidSearch

20 main lipid classes and 81 subclasses

•identification based on high mass 
accuracy MS and MS2 data

NIST 2017:  652,475 MS/MS spectra; Protein DBs

Elements 2.2/Scaffold

Breitkopf SB, et al. Metabolomics. 2017



Targeted Metabolic Flux Analysis (SRM)
13C6-labeled glucose

RTK

Cell growth/ 

proliferation 

of cancer

13C5-labeled glutamine

Cancer cells

15N-labeled glutamine

• We have developed methods for >20 
labeling sources

-Mostly PPG induced development

5500/6500 
QTRAP

Yuan M, et al. Nat Protoc. 2019.

Yuan M, et al. Nat Protoc. 2012.



IsoSearch: Untargeted 13C/15N Flux-Omics

Non-polar Lipidomics
Polar Metabolomics
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Peptidomics

13C-Glucose

unlabeled

13C-Glucose

unlabeled

Alanine

Elements/LipidSearch/Mascot IsoSearch

13C glucose/15N glutamine, etc.

Lipidomics Metabolomics

In-house software



Workflow for IsoSearch Untargeted Isotopomer Analysis 

He Huang

𝑆𝑐𝑜𝑟𝑒 = 1−   (Δ𝑚/𝑧 ×  𝛽)2 + (Δ𝑅𝑇)2 



Validation of Untargeted Metabolite and Lipid Flux vs Targeted LC-MS/MS

Unlabeled

Labeled

Targeted LC-SRM 
• Individual scan events
• No spectra



MCF-7 Breast Cancer Cells with Metabolic Inhibitors and Rapamycin – 2 hr, 16 hr, 24 hr treatments

Many metabolites unique to untargeted metabolomics platform



Discovery of Alternative Metabolites using Untargeted fluxomics in MCF-7 Breast Cancer Cells

Cysteine-Glutathione disulfide

Cysteine-Glutathione disulfide

2-DG Treatment

6AN Treatment

ROS Assay



Example of Lipid Isotopomer Profile of MCF-7 Cells treated with 3 drugs for 24 hrs

2-DG inhibits higher order Lipid Flux
Rapamycin is less inhibitory



Untargeted Fluxomics increases the number of isotopomers significantly

Huang et al, 2020, Anal Chem., in review



Proteome Software, Inc. has now included IsoSearch in new Elements 2.2 Metabolomics Software

Philip Seitzer

Susan Ludwigsen

He Huang



Lipid Isotopomer Profiles using Scaffold Elements (Truly Untargeted Profiling)

LipidSearch 4.1.3 Classes Scaffold Elements 2.2
NIST 2017:  652,475 MS/MS spectra

LipidMaps:  22,185 structures

Lo
g1

0
 In

te
n

si
ty

Log2 Ratio (13C/12C)

1353 Lipid IDs



Visualization of IsoSearch Isotope Patterns in MCF-7 cells

13C Metabolomics

13C Lipidomics

Rapa
TG↑
Observed 
with MEFs

2-DG
blocks 
glycolysis

6AN
accumulates 6-
phosphogluconate

Overnight treatment



Our Goal is To Perform Serial-Omics from Tumor Biopsies, DBS, Urine, etc.

Needle Biopsy

< 5-10 mg

Dried Blood Strips

~ 5 L

LC-MS/MS

Untargeted 
lipidomics

Untargeted 
Metabolomics/peptidomics

Targeted 
metabolomics

Assay Development

Targeted 
lipidomics

Untargeted 
Proteomics

TiO2 
phosphoproteomics

TMT labeling 
(126-131)

* *

*

*

SRM

• Merge –omics data
• Save money/reagents
• Reduce chemical waste
• Improve reproducibility

(one prep)
• Biomarker discovery
• Robust assay development

13C 



Merging the Phosphoproteome-Metabolome-Lipidome…..

Brca1-/-, P53-/-

tumor tissue
(cancer)

mammary gland tissue
(normal)

Mouse Breast Tumor vs. Mammary Gland

Breitkopf SB, Taveira MO, Yuan M, Wulf GM, Asara JM. Sci Rep. 2017

Gerburg Wulf

http://www.google.com/url?url=http://mcr.aacrjournals.org/content/1/3/165/F1.expansion&rct=j&frm=1&q=&esrc=s&sa=U&ved=0ahUKEwiFzpzGw4nLAhWOPB4KHc0GCYAQwW4IGDAB&usg=AFQjCNEfmI9pXvsTxWB26yB0PO7qpOwLCw
http://www.google.com/url?url=http://mcr.aacrjournals.org/content/1/3/165/F1.expansion&rct=j&frm=1&q=&esrc=s&sa=U&ved=0ahUKEwiFzpzGw4nLAhWOPB4KHc0GCYAQwW4IGDAB&usg=AFQjCNEfmI9pXvsTxWB26yB0PO7qpOwLCw


Mouse Breast 
Tumor

Serial-Omics Data and Pathway Model (Lipidomics, Metabolomics and Phosphoproteomics)

Breitkopf et al, 2017, Sci. Reports 

↑ Kinase 
activity in 
tumor

• Tumor concentrated in kinase activity (PO4)
• Mammary gland high TG content
• Tumor high TCA cycling and AA content



Serial-Omics of Dried Blood Spots – A step towards tumor biopsies

Collaboration with CT Analytical, Bethany CT

lipidomics

metabolomics/
peptidomics
proteomics/
phosphoproteomics

DBS

DBS MTBE extraction
Blood spot collection



Proteins identified from 3 year old dried blood spotsDBS, post tryptic digestion

Analysis of the MTBE protein precipitate and Dried Blood Spot paper

170 DBS proteins identified:

• Hemoglobin (α,β,) 52% & 
Albumin 10% of total signal

• No significant PO4 info

C18 Zip tip

LC-MS/MS

TiO2 tip

DBS Control paper

170 proteins

Control paperDBS



Dried Blood Spot Lipidomics & Metabolomics by LC-MS/MS

Lipid Classes identified:

Cer, CerG2, CerG3GNac1, DG, LPC, LPE, LPI, 
LdMePE, MG, OAHFA, PA, PC, PE, Pet, PI, PS, SM, 
TG, cPA, dMePE, etc.

~597 lipid ions

ID Score MS2 Score Metabolite Name Molecular Formula Dried Blood Spot (Log2 Peak Area)

0.716 0.88 Creatinine C 4H 7N 3O 10.5

0.915 0.94 Hypoxanthine C 5H 4N 4O 10.3

0.81 0.68 Edetic Acid C 10H 16N 2O 8 10.3

0.978 0.98 Niacinamide C 6H 6N 2O 10.2

0.972 0.98 Phosphoric acid H 3O 4P 10.2

0.919 0.93 Alpha-D-Glucose 1,6-bisphosphate C 6H 14O 12P 2 10.2

0.655 0.86 Cytosine C 4H 5N 3O 10.2

0.941 0.91 2,3-Diphosphoglyceric acid C 3H 8O 10P 2 10.1

0.973 1 L-Isoleucine C 6H 13NO 2 10

0.885 0.85 Acetic acid, (aminooxy)- C 2H 5NO 3 9.98

0.948 1 3-Phosphoglyceric acid C 3H 7O 7P 9.86

0.971 0.99 L-Carnitine C 7H 15NO 3 9.77

0.987 1 DL-Phenylalanine C 9H 11NO 2 9.74

0.955 0.97 N-Methyl-a-aminoisobutyric acid C 5H 11NO 2 9.72

0.929 0.98 Phosphoenolpyruvic acid C 3H 5O 6P 9.7

0.67 0.95 Diethanolamine C 4H 11NO 2 9.6

0.971 0.99 2-Imidazolecarboxaldehyde C 4H 4N 2O 9.54

0.98 1 Creatine C 4H 9N 3O 2 9.49

0.679 0.87 Senecioic acid C 5H 8O 2 9.49

0.956 0.93 4-Pyridoxic acid C 8H 9NO 4 9.46

0.986 0.99 Hexanoylcarnitine C 13H 25NO 4 9.42

0.908 0.97 Deoxygalactonojirimycin C 6H 13NO 4 9.42

0.954 0.91 Cadaverine C 5H 14N 2 9.42

0.976 0.98 Citric acid C 6H 8O 7 9.4

0.633 0.29 Glucaric acid C 6H 10O 8 9.32

0.958 1 L-Glutamic acid C 5H 9NO 4 9.3

0.899 0.87 3-Hydroxydodecanoic acid C 12H 24O 3 9.25

0.699 0.79 Myristoleic acid C 14H 26O 2 9.25

0.661 0.61 Gamma-Aminobutyric acid C 4H 9NO 2 9.25

0.938 0.99 Succinic acid C 4H 6O 4 9.24

0.991 1 L-Tyrosine C 9H 11NO 3 9.21

0.941 1 Adenosine monophosphate C 10H 14N 5O 7P 9.19

0.722 1 L-Pipecolic acid C 6H 11NO 2 9.18

0.763 0.94 Adenine C 5H 5N 5 9.18

0.889 0.87 Serricornin C 11H 22O 2 9.16

116 untargeted +200 targeted 
metabolites

Top 35 
metabolites by 

abundance

MetaboAnalyst Pathway Enrichment

Untargeted metabolomics 
helpful for non-cell applications




