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Why are we interested in using IMS-MS platforms?

1. IMS adds complementary information to MS measurements which helps
lower false discovery rates, separates isomers and allows faster LC
separations

2. IMS-TOF MS provides greater dynamic range of detection relative to
trapping (e.g. Orbitrap) instruments

3. Detection of structural changes in peptides/ proteins can help
characterize specific disease states (structural biomarkers)




IMS-MS instrumentation
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Features:

 NanoESl ion source with 2 inlets for on-the-fly
calibration

e Off-axis hourglass ion funnel/accumulation trap
before IMS

e Rearion funnel after IMS
* Segmented quadrupole for CID
e High dynamic range Agilent TOF or Q-TOF MS




Multiplexed IMS-MS
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Multiplexing utilizes more drift time space and increases signal

M.E. Belov, M.A. Buschbach, D.C. Prior, K. Tang, R.D. Smith, Anal. Chem., 2007, 79 (6), 2451-2462.



Multiplexed LC-IMS-MS
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Multiplexing utilizes more drift time space and increases signal

M.E. Belov, M.A. Buschbach, D.C. Prior, K. Tang, R.D. Smith, Anal. Chem., 2007, 79 (6), 2451-2462.



8 peptides spiked in human serum

Spiking Non-Serum Peptide 60-min LC- | 60-min LC- [ 100-min L_C—
Level IMS-TOF MS | TOF MS Velos-Orbitrap
100 pg/mL | Melittin ND ND ND
100 pg/mL | Dynorphin A Porcine Fragment 1-13 4 ND ND
1 ng/mL | Des Pro Ala Bradykinin 4 ND ND
1 ng/mL | Leucine Enkephalin 4 ND ND
10 ng/mL | 3X FLAG Peptide 4 4 ND
10 ng/mL | Substance P Y Y " 4
100 ng/mL | Methionine Enkephalin 4 4 4
100 ng/mL | [Ala92]-Peptide 6 4 4 4

Sample analyzed using Velos-Orbitrap, TOF MS and IMS-TOF MS instruments



Benefits of IMS drift time separation

1. Improved Sensitivity & Increase Feature Detection & Confidence
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2. Separates by Shape and Charge State
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Benefits of IMS drift time separation

3. Distinguish different classes of compounds
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Peptides and lipids are easily distinguished



Benefits of IMS drift time separation

4. Distinguish sequence isomers

RRGPFPSPF*

400

RPPGFSPFR*

GPFRPRFPS*

42

426

432

438 444 450
Drift Time (ms)

456

46.2

46.8

NW Chem used to
model 3-D
conformations




5. Characterize Aggregation Levels & Analyze Interactions
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miz

Benefits of IMS drift time separation
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Samples from Catherine Costello



Biological diversity studies

 Thousands of samples need to be analyzed to understand the diversity
in a population

« IMS-MS allows for faster analysis of many samples with high sensitivity
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Chronic liver disease

isvirus

e Multiple Factors
— Hepatitis (A,B,C)
— Alcohol (ALD)

— Diabetes

— Various autoimmune and
recessive conditions

Progression of Hepatitis {

10-50 years®

Acute
hepatitis C
infection

Fy

http://www.epgonline.org

e Estimated 130 million people world-wide have HCV
* Blood borne pathogen with no vaccine



Liver fibrosis study

Non-Progressor

* Discovery Phase: 60 matched (age, sex, fibrosis stage)

patients correlated by biostatistician F"-‘y
- | '

30 patients

HCV Infected Liver

NS

Normal Liver

Fibrosis

Progression
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Fast Progressor
60 patients
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E. S. Baker, et al. “Advancing the High Throughput Identification of Liver Fibrosis Protein Signatures Using Multiplexed lon Mobility Spectrometry” accepted in MCP.



Liver fibrosis study

Discovery Phase
» Analyzed 60 post-liver transplant patients with LC-IMS-MS

» At least 2 unique peptides were required to identify a protein; significant peptides have p
and g values <0.05

» Statistical analysis identified 136 proteins that distinguish between conditions

Non- Progressors Slow Progressors Non- Progressors Fast Progressors

Proteins
Proteins

Decrease = Green
Increase = Red




Liver fibrosis study

Non-transplant Comparison

* Analyzed 60 non-transplant patients with Ishak score 0-1 versus 4-6

» At least 2 unique peptides were required to identify a protein; significant peptides have p

Stages0 & 1 Stages 4,5 &6

and g values <0.05

—_—

» 63 statistically significant proteins between conditions

Significant Proteins

on-Transplant
78

Transplant
136

Significant Proteins




Liver fibrosis study
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F2 Prothrombin
» Classified into 4 groups: liver — Cholinesterase
metabolism, immune response, RBP4 Retinol-binding protein 4
OXIdatIVG SU'ESS and Ilver Liver Metabolism TTHY Transthyretin
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. . . IGFBP3 Insulin-like growth factor-binding
* OQOverall trends with increasing protein 3
fl bI‘OSIS mmune Response C4A Complement C4-A
cD14 Monocyte differentiation antigen
« Liver metabolism decreases —
QSOX1 Sulfhydryl oxidase 1
Oxidative Stress
° OXIdatIVG StreSS InCreaSGS GPX3 Glutathione peroxidase 3
ECM1 Extracellular matrix protein 1
» Extracellular matrix proteins LGALS38P | Galectin-3-binding protein
(Wlthln Ilver arChIteCtU re) ACTB Actin, cytoplasmic 1
increase in fast progressors FA12 Coagulation factor X1
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» Differences between slow and — :d”cjdt?r°tf'”t'g'§3
. oagulation factor
fast progressor liver
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Decrease = Green
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Liver fibrosis study

Western Blots

Log2 Abundance Values from LC-IMS-MS
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Future Projects & Directions




Fast lipidomic/metabolomic analyses

IMS-MS

QTOF-MS

Direct Infusion

LC

Direct Infusion

LC

Lipid Extract from Plasma
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736
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513

50-min LC Gradient

IMS cannot completely counter the ion suppression from direct infusion, but more
features are observed with LC-IMS-MS than LC-QTOF MS alone

3 peaks observed for m/z = 637.31
all with the same elution time




Na* Isomer separations with IMS
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Conclusions

IMS-MS:

* Increase the throughput of sample analysis, while still detecting
lower level species

* Analyze difficult samples and obtain information that was
previously not detected

« Start running biological diversity studies to evaluate
peptide/protein markers in hundreds to thousands of patients

Future directions:

» Perform fast lipidomic and metabolomic analyses
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