
Highlights:  An insulin sample was investigated using the Waters AllianceTM LC/MS System Featuring the 
Platform LCZ Detector. A suitable chromatographic separation was developed using a Waters Symmetry 
C18 column. Positive ion electrospray mass spectrometric (ESI-MS) acquisition was carried out in profile 
mode, and, for unique spectrum deconvolution, Maximum Entropy (MaxEnt TM ) software was utilized.

The Utility of Maximum Entropy Processing Software as Applied to Insulin Analysis Using Electrospray 
Mass Spectrometry (ESI) on the Waters Alliance TM LC/MS System Featuring the Platform LCZ Detector

What is MaxEnt software?:   When Maximum Entropy processing software is applied to MS data, it enhances 
complex mass spectra. Max Ent deconvolutes overlapping multiply-charged spectra produced by the analysis of, 
typically, large protein and biopolymer mixtures. MaxEnt automatically finds the molecular weights of the components in 
a mixture containing multiply-charged species without prior sample knowledge other than a predicted mass range 
which can be relatively large (e.g. 5-100 kDa). To reduce processing time, the technique involves a preliminary survey 
run, producing a coarse output to find the approximate masses of the components present. The reconstructed MaxEnt 
spectrum exhibits enhanced resolution and signal-to-noise ratio. The reliability of the result can be assessed by 
probabilistic methods. Thus, a probable error range can be calculated for each mass. MaxEnt data are as quantitative 
as any ESI-MS data. The areas under the peaks in the MaxEnt profile spectrum are representative of the summed 
intensities of each component's multiply charged series in the original m/z data.

Chromatographic Conditions:

HPLC: Waters Alliance System
Column: Waters Symmetry C18 150 mm x 2.1 mm
Mobile Phase:  

A: H2O (0.1% TFA)
B: CH3CN 

Flow rate: 0.25 ml/min; split 1/5
Injection: 2 µl
UV Detector: Waters 2487

Wavelength: 220nm

MS Conditions:

Electrode voltage: 3.8 kV
Cone voltage: 80 volts 
Scan range: 1000 to 2200 Da (profile mode)
Source Temperature: 150 °C
Nitrogen flow rate: 350 l/h

The following study depicts the feasibility of insulin analysis by ESI-MS using simultaneous UV and MS 
acquisition. The key differentiation for this application is the utilization of a unique complex spectra 
deconvolution software option, MaxEnt.  What is shown is how MaxEnt deconvolutes a mixed mass spectrum in 
an insulin sample containing two distinct chromatographic peaks, and then calculates the molecular weight for 
each component. 

Figure 1a shows the UV trace of the separated insulin components while figure 1b illustrates the total ion current 
chromatogram that was acquired simultaneously.
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Figure 1a:  UV Chromatogram
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Figure 1b:  TIC Chromatogram
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How does MaxEnt work?:   Max Ent and its companion software, Transform, work from raw m/z data, combining the peaks from each 
component into a single peak on the molecular mass scale. Because several peaks in the m/z data are used to produce a single peak in 
Transform, the transformed spectrum exhibits better signal-to-noise than the raw  data.  However, the transformed peaks are no better 
resolved than in the original data.  MaxEnt retains the mass accuracy given by Transform on components which are adequately resolved in the 
original data.  In addition, because of its ability to reveal resolution of peaks which is not apparent in the raw data, MaxEnt allows the mass 
measurement of components which were previously too poorly resolved for mass measurement in the transformed spectrum.
MaxEnt finds the simplest molecular mass spectrum (spectrum of maximum entropy) that could account for the observed m/z data. The 
algorithm works in an iterative fashion; it takes an initial approximation to the molecular mass spectrum, and then uses programmed knowledge 
of chemistry and mass spectrometer physics (the damage model) to synthesize a corresponding m/z spectrum (the mock spectrum) from this 
molecular mass spectrum. It then compares the mock data to the observed (real) data, and uses the difference between the two to guide it to 
an improved molecular mass spectrum. The algorithm terminates when there is sufficiently little difference between mock and real data.

Figure 3a represents the electrospray mass spectrum of Peak 1 reconstructed by MaxEnt software. Figure 3b represents the MaxEnt processed 
spectrum of Peak 1 on a true molecular mass scale. MaxEnt also has the capability of extracting useful zero-charge spectra from multiply 
charged m/z data. Figure 3c is the reconstructed ESI-MS spectrum of Peak 2, while figure 3d is the zero-charged spectrum of Peak 2 produced 
by MaxEnt. Note that MaxEnt enhances resolution and resolves multiple components in a peak.
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Positive Ion ESI mass spectra of Peaks 1 & 2

Peak 1

Peak 2 Figure 2 shows the original positive ion mass spectra of the 
insulin sample. Note the multiple charge envelope on Peak 2. 
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Peak 1: MS spectrum reconstructed by MaxEnt

Figure 3a

2902.5

2893.5

5805.0

2905.5

2928.0

5807.5

5859.5

2500 3000 3500 4000 4500 5000 5500 6000 6500 7000 7500 8000
mass0

100

%

Peak 1: MaxEnt deconvolution result

Figure 3b
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Peak 2: MS spectrum reconstructed by MaxEnt

Figure 3c

Peak 2: MaxEnt deconvolution result
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Figure 3d


