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Dataset relates to the following study.  

Isotope Depletion Mass Spectrometry (ID MS) for Enhanced Top-Down Protein 
Fragmentation  

Kelly J. Gallagher, Michael Palasser, Sam Hughes, C. Logan Mackay, David P. A. Kilgour 
and David J. Clarke. 

Information for this Submission 

Protein Samples 

Encapsulated Ferritin (EncFtn) Amino Acid Sequence 

AQSSNSTHEPLEVLKEETVNRHRAIVSVMEELEAVDWYDQRVDASTDPELTAILAHNRDEEKEH
AAMTLEWLRRNDAKWAEHLRTYLFTEGPITAANSSSVDKLAAALEHHHHHH 
Bovine Carbonic Anhydrase II (CA) Amino Acid Sequence 

GAMASHHWGYGKHNGPEHWHKDFPIANGERQSPVDIDTKAVVQDPALKPLALVYGEATSRR
MVNNGHSFNVEYDDSQDKAVLKDGPLTGTYRLVQFHFHWGSSDDQGSEHTVDRKKYAAELH
LVHWNTKYGDFGTAAQQPDGLAVVGVFLKVGDANPALQKVLDALDSIKTKGKSTDFPNFDPG
SLLPNVLDYWTYPGSLTTPPLLESVTWIVLKEPISVSSQQMLKFRTLNFNAEGEPELLMLANWRP
AQPLKNRQVRGFPK 

Serine Palmitoyltransferase (SPT) Amino Acid Sequence 

GSSHHHHHHSSGLVPRGSHMASTEAAAQPHALPADAPDIAPERDLLSKFDGLIAERQKLLDSG
VTDPFAIVMEQVKSPTEAVIRGKDTILLGTYNYMGMTFDPDVIAAGKEALEKFGSGTNGSRMLN
GTFHDHMEVEQALRDFYGTTGAIVFSTGYMANLGIISTLAGKGEYVILDADSHASIYDGCQQGN
AEIVRFRHNSVEDLDKRLGRLPKEPAKLVVLEGVYSMLGDIAPLKEMVAVAKKHGAMVLVDEA
HSMGFFGPNGRGVYEAQGLEGQIDFVVGTFSKSVGTVGGFVVSNHPKFEAVRLACRPYIFTAS
LPPSVVATATTSIRKLMTAHEKRERLWSNARALHGGLKAMGFRLGTETCDSAIVAVMLEDQEQ
AAMMWQALLDGGLYVNMARPPATPAGTFLLRCSICAEHTPAQIQTVLGMFQAAGRAVGVIG 

 
Datasets 

1. Intact Mass- Isolated charge states  

- EncFtn (depleted) [M+14H]14+ isolated charge spectrum 
- EncFtn (natural) [M+14H]14+ isolated charge spectrum 
- CA (depleted) [M+31H]31+ isolated charge spectrum 
- CA (natural) [M+31H]31+ isolated charge spectrum 
- SPT (depleted) [M+40H]40+ isolated charge spectrum 
- SPT (natural) [M+40H]40+ isolated charge spectrum (LCMS data) 

2. ECD fragmentation of EncFtn   

- EncFtn (depleted) [M+16H]16+ ECD fragmentation 150 scans 
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- EncFtn (depleted) [M+16H]16+ ECD fragmentation 20 scans 
- EncFtn (depleted) [M+16H]16+ ECD fragmentation 5 scans 
- EncFtn (natural) [M+16H]16+ ECD fragmentation 150 scans 
- EncFtn (natural) [M+16H]16+ ECD fragmentation 20 scans 
- EncFtn (natural) [M+16H]16+ ECD fragmentation 5 scans 

 
- EncFtn (depleted) [M+14H]14+ ECD fragmentation 200 scans 
- EncFtn (natural) [M+14H]14+ ECD fragmentation 200 scans 

3. ECD fragmentation of CA 

- CA (depleted) [M+22H]22+ ECD fragmentation 300 scans 
- CA (depleted) [M+22H]22+ ECD fragmentation 20 scans 
- CA (depleted) [M+22H]22+ ECD fragmentation 5 scans 
- CA (natural) [M+22H]22+ ECD fragmentation 300 scans 
- CA (natural) [M+22H]22+ ECD fragmentation 20 scans 
- CA (natural) [M+22H]22+ ECD fragmentation 5 scans 

 
- CA (depleted) [M+32H]32+ ECD fragmentation 200 scans 
- CA (natural) [M+32H]32+ ECD fragmentation 200 scans 

4. Protein charge state distributions 

- EncFtn (depleted) charge state distribution 
- EncFtn (natural) charge state distribution 
- CA (depleted) charge state distribution  
- CA (natural) charge state distribution  

5. CID fragmentation of EncFtn   

- EncFtn (depleted) [M+16H]16+ isolated charge spectrum 
- EncFtn (natural) [M+16H]16+ isolated charge spectrum 

6. Deamidation comparison of EncFtn  

- EncFtn (depleted) N58D charge state distribution 
- EncFtn (natural) N58D charge state distribution 

Methodology 

Prior to mass spectrometry, intact protein samples were desalted using C4 reverse phase 
Bond Elut OMIX pipette tips (Agilent Technologies, Santa Clara, CA), with final elution in 50:50 
water:acetonitrile with 0.1% formic acid. Protein samples were ionised by nanoelectrospray 
(nESI) using a nanomate infusion robot (Advion Biosciences, Ithica, NY) at a typical 
concentration of 5 uM. MS analyses were performed on a SolariX FT-ICR instrument equipped 
with an Infinity ICR cell and a 12T magnet (Bruker Daltonics, Bremen, Germany). For intact 
mass analysis, spectra were acquired between m/z 500 and 5000 to yield a broadband 1 or 
2 MW time-domain transient. Ion accumulation was set to between 50-200 ms, and typically 
each spectrum was the sum of 50 acquisitions. CASI (continuous accumulation of selected 
ions) was used to improve the isotope distribution profile obtained for SPT (quadrupole 
width:100 m/z). 

For top down mass spectrometry, a specific protein charge state was isolated using the mass 
resolving quadrupole and ion accumulation time was optimised to accumulate 108 ions in the 
FT-ICR cell per fill. Collision induced dissociation (CID) was performed external to the ICR 
cell with a typical collision voltage of between 20-35V. Electron capture dissociation (ECD) 
was achieved by irradiating with electrons using a heated hollow dispenser cathode. 
Typically, cathode conditions were: bias voltage 1.5 V, lens voltage 15 V, and a pulse length 
of between 10-30 ms was employed. Top-down spectra were recorded between m/z 300 to 
5000 and were the sum of 150, 20, or 5 1 MW time-domain transients (EncFtn); or 300, 20, 5 
(CA) transients as stated.  
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Top-Down Data Analysis 

FT-ICR MS data was post-processed, in absorption mode, using a specially adapted version 
of AutoVectis (Spectroswiss Sàrl, Lausanne, Switzerland).  We incorporated the capability to 
allow the isotopic abundances of individual elements to be user controlled.  The workflow 
was as follows: 

1. Bruker ICR MS data-file processed into absorption mode using an asymmetric 
apodization function (F = 0.4).  

2. Absorption mode peak picking using the AutoPiquer tool in AutoVectis, with signal-
to-noise ratio threshold set at 3.  

3. Top down peak assignment of peak lists was automated using the AutoSeequer tool 
in AutoVectis, against in silico fragmentation libraries generated for the appropriate 
isotopic abundances. Peaks were assigned only if all isotopologues that should be 
detectable (given the S/N of the base peak in the specific isotopic distribution) were 
detected in the spectrum (i.e. in the peak list), within a user defined mass error (5 
ppm).  

4. Finally, protein sequence coverage maps were produced within Autoseequer by 
displaying the matched fragment ions on the protein sequence.  

For natural isotopic abundance proteins, top-down data was also analysed using a ‘poly-
averagine’ method (see text). The sophisticated numerical annotation procedure (SNAP; 
Bruker Daltonics) was used to deconvolute the monoisotopic mass of fragment ions. For 
deconvolution the S/N cut off was set to 3 and the quality factor threshold was set to 0.3). A 
single-point internal calibration was performed using the theoretical m/z of a consistent 
fragment ion (typically c20 for EncFtn data and c34 for CA data). The resulting calibrated 
monoisotopic peak list was search against the protein sequence using Prosight Lite.  
 

 


