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Overview
Purpose:  To assess the ability of new Orbitrap-based tech-
nologies to detect and characterize intact protein ions 
generated via electrospray ionization (ESI) on an LC times-
cale.

Methods:  Standard proteins ranging from 8.5 to 148 kDa 
as well as GELFrEE fractions from H1299 cell lysates under 
normal and accelerated scenecent conditions were ana-
lyzed via LC-MS utilizing an Orbitrap Elite and a Q Exactive.  

Results:  The Q Exactive was found to be capable of de-
tecting proteins <15 kDa at high resolution on an LC tim-
escale while the Orbitrap Elite extended this to 35 kDa.  
Further, a express scan mode coupled with online de-
convolution allowed the analysis of proteins up to 30 
kDa on the Q Exactive and 80 kDa for the Orbitrap Elite. 

Introduction
Orbitrap-based mass spectrometers hold the promise of 
being ideal detectors for large biomolecules generated via 
ESI.  In these detectors, rresolution goes as 1/sqrt(m/z), al-
lowing them to provide higher resolution at high m/z 
when compared to equivalent ion cyclotron resonance in-
struments.  Beyond this, next generation Orbitrap mass 
spectrometers utilize capacitively balanced traps, enabling 
the start of the detection period to occur within microsec-
onds of injection.  Due to the short delay between injec-
tion and detection and the knowledge that all ions start in 
phase at t0, enhanced Fourier Transform (eFT) may be used 
to double resolution for a set transient length.  Combined 
with a high �eld compact orbitrap, this results in a factor of 
3.8 gain in resolution for a set transient length.  Further, the 
acquisition and processing of transients containing only 
the �rst isotopic beat, which will be refered to as “express” 
scan mode, can acquire charge state distributions with su-
perlative S:N very quickly.  In comparison to ion trap data, 
the expess scan mode results in better S:N and higher 
quality peaks due to better ion statistics.  Operation in this 
mode provides rapid acquisition of protein charge state 
distributions and extends the upper mass limit that may be 
analyzed on an LC timescale.  When coupled with online 
deconvolution, these charge states allow the selection of 
targets for MS2 and determination of accurate masses.  
Here, we evaluated two prototype Orbitrap mass spec-
trometers to determine the viability of both high resolu-
tion and express mode acquisition.  In addition, the mass 
accuracy of deconvoluted spectra were assessed and 
sources of error determined.  With this platform, normal 
and scencent H1299 cell line whole cell lysates were ana-
lyzed via top down proteomics on an Orbitrap Elite.  Here, 
the array of fragmentation techniques o�ered by the in-
strument (HCD, ETD, CID, SID) were characterized for their 
degree of complementarity based on proteins uniquely 
i.d.’d by a single fragmentation technique.
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The Q Exactive instrument is surprisingly adept at analyzing 
small proteins.  As demonstrated above, this instrument is ca-
pable of single scan, isotopically resolved detection of pro-
teins as large as 15 kDa on an LC-timescale.  Utilizing the re-
solving quadrupole for SIM scans and averaging, this limit is 
further increased to ~30 kDa.  Beyond this regime, the ex-
press scan mode full MS coupled with high-resolution HCD 
extends the range of this instrument to 40 kDa.  In this instru-
ment, ions are directly injected into the C-trap prior to analy-
sis in the Orbitrap, which eliminates much of the overhead in 
scan time.  Thus, single scan times are very fast at any resolu-
tion.  This characteristic is particularly useful for the express 
scan mode as many microscans can be acquired in a short 
time (> 20 Hz).  The major limitation in mass range for this in-
strument is a result of increased pressure in the Orbitrap.  As 
mass increases, there is a general trend of increasing colli-
sional cross-section.  Thus, residual gas pressure results in 
mass dependent damping of ion motion in the Orbitrap.  Re-
ducing pressure would allow the Q Exactive to provide out-
standing top-down performance by reducing this e�ect for 
heavy ions.

The Orbitrap Elite demonstrates truely outstanding perfor-
mance characteristics for the analysis of intact proteins.  
Single, isotopically resolved, full MS scans up to 35 kDa with 
quality express scan data up to 80 kDa make it ideally suited 
to top-down analyses.  These ranges are increased from the Q 
Exactive simply due to better vacuum in the Orbitrap region.  
Increased resolution/time in comparison to ICR and previous 
Orbitrap technologies a�ords more time for fragmentation 
events, resulting in a higher dynamic range in the context of 
online LC-MS runs.  The Orbitrap Elite also implements many 
fragmentation techniques, including ETD.  Ultimately, these 
factors translate into more identi�cations and characteriza-
tions per time when compared to these other mass spec-
trometers.  For targeted analyses, the express scan mode on 
this instrument can extend the mass range to at least 150 
kDa.  As demonstrated above, IgG may be detected with out-
standing S:N.  Futher, there is su�cient resolution to detect 
various glycoforms, demonstrating the analytical power of 
such an approach.  An upper LC-MS compatible mass limit of 
80 kDa places more than 90% of the human proteome within 
reach.

Operation at short transient length results in spectra with in-
adequate resolution to separate isotopic peaks for species 
with high charge states.  Thus, algorithms that rely on isoto-
pic distributions (THRASH, Xtract, etc.) cannot provide intact 
masses from such data1-3.  However, deconvolution is well 
suited to this problem4-5.  Deconvolution of a set of standard 
protein spectra acquired in express scan mode resulted in 
predictable mass errors.  Due to the limited resolution, the 
top of each charge state peak corresponds most closely in 
mass to the most abundant isotope, not the 12C or the aver-
age mass.  Thus, when deconvoluted masses are compared to 
the average mass of the protein, a negative deviation will be 
seen at low mass when the most abundant isotope is lower 
in mass than the average mass.  As mass increases, this error 
will pass through 0 when the most abundant isotope and av-
erage mass align.  This occurs near 40 kDa.  Past this point, 
positive mass deviations will be observed.  Fortunately, this 
mass error is predictable due to the fundamental nature of 
the underlying cause.  In fact, even from low resolution spec-
tra, the calibration line shown above allows the calculation of 
protein masses to < 20 ppm.

Mass Accuracy

Next generation orbitrap-based instruments provide unsur-
passed performance for the analysis of intact protein ions 
generated via ESI in an LC-MS environment.  The factor most 
limiting in these analyses is the residual pressure in the Orbit-
rap itself.   However, utilizing the express scan mode success-
fully mitigates pressure issues by limiting detection to the 
�rst isotopic beat.  The short transient mode provides excel-
lent signal to noise and can be calibrated to provide intact 
masses with su�cient accuracy for ProSight PC 2.0 based 
searching.  With the Orbitrap Elite platform, and the many 
fragmentation techniques it o�ers, 237 unique accession 
numbers were i.d.’d from 18,742 identi�cation events.  The 
resolution, speed and sensitivity of the Q Exactive and Orbit-
rap Elite allow the boundaries of top-down proteomics to be 
extended.

Conclusions
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Figure 1:  A) Lysozyme (~14 kDa) isotopically resolved in a single scan.  B.)  Carbonic Anhydrase acquired in ex-
press scan mode.  C.) Table of the prefered acqusition modes for various mass ranges.

Lysozyme (~14 kDa)

Figure 2:  A) Carbonic Anhydrase (~29 kDa) isotopically resolved in a single scan.  B.)  Enolase (left) and IgG 
(right) acquired in express scan mode.  C.) Table of the prefered acqusition modes for various mass ranges.
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Figure 4:

C.)

Figure 3:  Deconvoluted mass errors from 12 ms transients for Ubiquitin, Myoglobin, Carbonic Anhydrase, Eno-
lase, and IgG plotted vs. theoretical protein mass.

GELFrEE fractions derived from H 1299 cells from 5-60 kDa 
were analyzed on an Orbitrap Elite utilizing the acquisition 
regimes presented in Figure 2.  These analyses resulted in 
237 identi�cations with unique accession numbers (at 0.2% 
FDR).  Of these, 146 were found to contain a PTM.  These 
identi�cations highlight the complimentarity between vari-
ous fragmentation techniques (Figure 4).  While HCD and CID 
provide very similar identi�cations, ETD and NSD result in 
many more identi�cations that are only seen utilizing that 
technique.  In the case of SID (NSD above), this results from 
SID only being utilized in high mass GELFrEE fractions where 
other techniques are not suitable.

Figure 4:  Protein identi�cations (unique accession numbers) resulting from various fragmentation methods.  
CID, ETD and HCD were utilized for proteins up to 35 kDa.  Proteins in excess of 35 kDa were fragmented exclu-
sively with SID (labelled NSD above).
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