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Determine Monoisotopic and Average Mass for Intact Proteins Using a High Resolution Quadrupole Time-
of-Flight Mass Spectrometry and Improved Deconvolution Algorithms

Analyzing intact proteins using quadrupole time-of-flight (Q-
TOF) mass spectrometry has been the method of choice for
the biopharma industry. Time-of –flight (TOF) technology
offers excellent resolution and mass accuracy which are
important to accurately measure large molecule molecular
weights. Deconvolution algorithms have been used on
protein electro-spray spectra to determine the average
mass of large proteins. With the recent improvement of Q-
TOF resolution from 20000 to 40000, modest size proteins
(30 kDa) can be isotopically resolved. The increased
resolving power allows the separation of small post-
translational modifications (PTM) and adducts of large
molecules. Although impressive, isotope separation has
created a challenge but has also provided an opportunity to
deconvolve spectra to obtain both monoisotopic and
average mass of large molecules for improved
characterization.

Introduction

Materials
Myoglobin was purchased from Sigma Aldrich (St. Louis,
MO).

LC/MS analysis
All samples were analyzed using an Agilent 1290 HPLC
coupled to Agilent 6530 or 6540 Q-TOF mass spectrometer.
Agilent Poroshell 300SB-C8 Column 1x75mm was used.
Mobile phase: solvent A: 0.1% formic acid (FA) in water;
solvent B: 0.1% FA in 90% acetonitrile (ACN) and 9.9%
water.
Flow rate: 0.15ml/min
Gradient: 0-3min: 3% B

3-8min: 90% B
8-10min: 90%B

Q-TOF parameters:
Vcap: 4000V
Fragmentor: 175V
Drying gas: 10L/min; Drying gas temperature: 350 C
MS scan: 1 scan/second

Deconvolution algorithms
Three deconvolution algorithms were used including
Maximum Entropy deconvolution and molecular feature
extraction (MFE) in Agilent MassHunter Workstation and
ReSpect from PPL.

Results
Comparison of myoglobin MS raw data on 6530 and 6540 Q-
TOF

Figure 1 shows the raw data of the entire charge envelope
and a zoom-in display of the +21 charge state of myoglobin.
The isotopes were not resolved and a single peak was
observed at a resolution of 20000, The isotopes were fully
resolved (B) when it was acquired on 6540 Q-TOF with
40000 resolution.

Figure 1. Q-TOF raw data of horse myoglobin A)
acquired using 6530 Q-TOF in 4 GHz mode with
resolution 20000. B) acquired using 6540 Q-TOF in
4 GHz mode with resolution 40000.

Experimental

Maximum Entropy deconvolution algorithm

The maximum entropy technique has been well established
in image processing for the last decade, Maximum Entropy
deconvolution has become the most common algorithm for
intact protein mass determination. This method transforms
an m/z raw spectrum of one or more intact proteins,
usually from averaging the mass spectra across the
chromatographic elution time of the protein(s) of interest,
into a zero-charge mass spectrum (in Dalton units).
Maximum entropy deconvolution works very reliably for
pure protein data or relative simple protein mixture.

A) 6530 Q-TOF
Resolution 20000

B) 6540 Q-TOF
Resolution 40000

A) 6530 Q-TOF
Resolution20000

B) 6540 Q-TOF
Resolution 40000
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