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MSIA_Human_L-A_11102016_119 #789 RT: 4.14 AV: 1 NL: 2.81E4
T: FTMS + p ESI Full ms [1142.0000-1220.0000]
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Software Solution Chromatographic Separation

High Resolution 
Accurate Mass
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Insulin Overview

Insulin Lispro, Exact Mass – 5803.6371 Insulin Human, Exact Mass – 5803.6371

Insulin Aspart, Exact Mass – 5821.6113 Insulin Glargine, Exact Mass – 6058.8179

Insulin Detemir, Exact Mass – 5912.7878 Insulin Glulisine, Exact Mass – 5818.6368
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Sample Clean Up - MSIA

MSIA Workflow (biological matrix to data)

Pre-Analytical (fully-automated)

Wash Elute

Wash Buffer Eluted analyte

Capture

Analytical Sample

TraceFinder – Insulin Data

Acquire Report

Mass Spectrometry
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Sample Clean Up - MSIA

Three Step Clean Up
1)    Sample Prep

-500uL Plasma
- Add IS to Plasma Sample

2)    Analyte Capture and Clean Up
-10mM PBS
-Water

3)    Analyte Elution
-63uL of Elution Solution
-21uL of water

Total processing time of ~ 90 minutes
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Software – Pinpoint/TraceFinder

• Comprehensive and quantitative 
workflows 

• Customized Data Visualization
• Flexible Report Generation

Pinpoint 1.4 TraceFinder 4.1

• Method Development
• Provides tools for evaluation 

preliminary data
• Refinement of of targeted 

quantitative methods.
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• Calculation of Peptide/Protein Exact Masses
• Easy Display of Peptide Isotopes and Charge States
• Raw File Analysis – Interference Visualization

Pinpoint Software 1.4  – Method Development
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• Database Driven compound management

• Optimized for Streamlined Data Review and Reporting

• Customizable Views Maximum Efficiency 

TraceFinder 4.1 – Routine Quantitation
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• Fully Biocompatible System

• 1500 Bar Pump

• New sealing system for 
higher up time

• Charger Module for 
Increased Sample Capacity

• Fingertight check valves 
and Viper technology 
provide tool free 
maintenance

Chromatographic Separation – Vanquish UPHLC
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Chromatographic Separation – Vanquish UPHLC

• Mobile Phase A – Water w/ 0.1% FA
• Mobile Phase B – ACN w/ 0.1% FA
• Flow Rate 200 uL/min
• Column Temp 60C
• Injection Volume 35 – 70uL

• Gradient 5 to 50% B over 5 minutes
• Column: ProSwift RP-4H 1 x 250mm

SEM micrograph of polymer MONOLITH



11

High Resolution Accurate Mass – Q Exactive

Q Exactive &                
Q Exactive Plus
• Orbitrap analyzer
• Mass Range m/z 50 - 6000
• Mass Accuracy <1ppm
• Max. Mass Resolution 

>140,000
• Scan speed up to 12Hz MS 

and MS/MS
• Spectral Multiplexing
• AQT & AABG (QE Plus only)
• Optional Intact Protein Mode 

and  Enhanced Resolution 
(280k)  for QE Plus only

Q Exactive HF
• Ultra High Field Orbitrap 

analyzer
• Mass Range m/z 50 - 6000
• Mass Accuracy <1ppm
• Max. Mass Resolution 

>240,000
• Scan speed up to 18Hz MS and 

MS/MS
• Spectral Multiplexing
• AQT & AABG 
• Optional Intact Protein Mode 

Q Exactive Focus
• Orbitrap analyzer
• Mass Range m/z 50 - 3000
• Mass Accuracy <1ppm
• Max. Mass Resolution >70,000
• Scan speed up to 12Hz MS and 

12 Hz MS/MS
• Polarity switching
• Top 3  ddMS2 
• SIM Multiplexing
• Refined workflows that are 

optimal for routine laboratories

Added VALUE for Customer

PE
R

FO
R

M
A

N
C

E

BioPharma Option



12

• Full MS
• Selectivity comes through resolution

• Parent mass sensitivity, but limited by background

• Minimal method development

• SIM
• Selectivity comes through resolution

• Ultimate sensitivity
• Interference reduction through quad isolation

• Very little optimization needed

• PRM
• Highest level of selectivity (resolution & transition)

• Full MS/MS spectrum acquired in a single scan

• Choose transitions to quantitate on post-acquisition

Three Types of Quantitative Analyses
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Full Scan HRAM MS of Charge States and Isotopes

Insulin_Human_tMS2_1 #1428-1445 RT: 11.64-11.72 AV: 3 NL: 7.42E8
T: FTMS + p NSI Full ms [500.00-2000.00]
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Humulin S
Precursor MS

Insulin_Test1_139 #1724 RT: 7.75 AV: 1 NL: 7.48E6
T: FTMS + p ESI Full ms [200.00-2000.00]
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Resolution Setting = 70,000
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Full Scan Analysis – Results

Full Scan Quantitation Results for Insulin Glargine and Insulin Glulisine

• LOQ = 90pg/mL
• Simplified Data Acquisition
• Comprehensive Coverage
• Large Injection Volume

App Note: The MSIA Insulin Workflow, Eric E. Niederkofler, Thermo Fisher Scientific, Tempe, AZ

Calibration Curve Results

Intra-Day Reproducibility

Inter-Day Reproducibility

Spike and Recovery Study
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Sensitivity Improvement – SIM Analysis

Insulin_Human_tMS2_1 # 1428-1445 RT: 11.64-11.72 AV: 3 NL: 7.42E8
T: FTMS + p NSI Full ms [500.00-2000.00]
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Glulisine at 25 pg/mL (4.3 pM)

RT: 2.5000 - 9.0000 SM: 5B
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NL: 1.61E5
m/z= 
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1162.5424  MS 
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A_11042016_106

Glulisine Plasma Blank Glulisine at 25 pg/mL 

Glulisine 35uL Injection Volume
RT: 2.5000 - 9.0000 SM: 5B
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NL: 1.52E5
m/z= 
1156.3283-
1156.3399+
1156.5286-
1156.5402  MS 
MSIA_Human_L-
A_11042016_104
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m/z= 
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1165.3420+
1165.5307-
1165.5423  MS 
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A_11042016_104
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1162.3420+
1162.5308-
1162.5424  MS 
MSIA_Human_L-
A_11042016_104
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Insulin Glulisine at 25pg/mL
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Mass Accuracy – Glulisine at 25 pg/mL

RT: 2.0000 - 9.0000 SM: 5B
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RT: 2.0000 - 9.0000 SM: 5B
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RT: 2.0000 - 9.0000 SM: 5B
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Mass Tolerance = 50 ppm Mass Tolerance = 25 ppm Mass Tolerance = 5 ppm

Mass Tolerance = 50 ppm Mass Tolerance = 25 ppm Mass Tolerance = 5 ppm

RT: 3.7727 - 4.5205 SM: 5B
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RT: 3.7727 - 4.5205 SM: 5B
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RT: 3.7727 - 4.5205 SM: 5B
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Insulin Glargine at 45pg/mL
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Insulin Aspart at 25pg/mL



21

Insulin Detemir at 180pg/mL
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Insulin Human Endogenous _Ext Curve (Glargine) TF

CV = 5.4%

Thevis M, et al., Anal. Chem., 2005, 77 (11), pp 3579–3585
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Summary Table

Insulin	Analog Conc.	Range	pg/mL Conc.	Range	pM Linear	Fit	(1/x2) Mean	QC	Accuracy	(n=6)
Insulin	Glulisine 25	- 2,880 4.3	- 496 0.9943 103.7
Insulin	Glargine 25	- 2,880 4.3	- 496 0.9955 102.2
Insulin	Aspart 45	- 2,88 7.7	- 496 0.9947 98.7
Insulin	Detemir 180	- 11,520 30	- 1,986 0.9930 98.8

Insulin	Analog Conc.	Range	pg/mL Conc.	Range	pM Linear	Fit	(1/x2) Mean	QC	Accuracy	(n=6)
Insulin	Glulisine 90	– 5,720 15	- 960 0.9943 103.7
Insulin	Glargine 90	– 5,720 15	- 960 0.9955 102.2

Full Scan (500-2000 m/z)

SIM
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Insulin Lispro and Insulin Endogenous

Insulin Lispro, Exact Mass – 5803.6371 Insulin Human, Exact Mass – 5803.6371

• PRM
• Simultaneous Fragment Collection
• Normalized Collision Energy
• Additional Noise Reduction

1162.3362 à 217.1182 1162.3362 à 226.1548

App Note: The MSIA Insulin Workflow the Comprehensive Identification and Analysis of Isobaric 
Insulilns, Eric E. Niederkofler, Thermo Fisher Scientific, Tempe, AZ
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PRM – SRM-like Quantitation

Quad
C-trap

HCD cell

Orbitrap

• Simultaneous detection of all fragment ions
• Specificity from extracting narrow mass tolerances around fragment ions
• Sensitivity from summing the areas of multiple transitions

m/z

In
te

ns
ity
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Insulin Lispro at 45pg/mL – PRM

*
*

*

*
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Summary Table

Insulin	Analog Conc.	Range	pg/mL Conc.	Range	pM Linear	Fit	(1/x2) Mean	QC	Accuracy	(n=6)
Insulin	Glulisine 25	- 2,880 4.3	- 496 0.9943 103.7
Insulin	Glargine 25	- 2,880 4.3	- 496 0.9955 102.2
Insulin	Aspart 45	- 2,880 7.7	- 496 0.9947 98.7
Insulin	Detemir 180	- 11,520 30	- 1,986 0.9930 98.8
Insulin	Lispro 45	- 2,880 7.7	- 496 0.9917 103.9
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• Automated Sample Preparation
• Optimized Protocol
• Minimized Reagent Prep

• Robust Chromatographic Separation
• Simple LC Operation
• Robust Column Performance

• Flexible HRAM Operation
• Full Scan, SIM, PRM 

• High Sensitivity for Insulin Analogs
• Low pg/mL LOQ

Summary



29

• David Sarracino

• Susan Abbatiello

• Eric Niederkofler

• Jonathan Josephs

• Joann Purkerson

• Rainer Bauder

• Maciej Bromirski 

Acknowledgments


