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Overview

Purpose: Evaluation of the Thermo Scientific™ Q Exactive™ HF hybrid quadrupole-
Orbitrap mass spectrometer for high-throughput top-down proteomics.

Methods: Top-down analysis of an Escherichia coli extract using the data dependent
“TopN” method with and without chromatographic separation.

Results: We demonstrate utility and applicability of the Q Exactive HF mass
spectrometer to perform high-throughput top-down proteome analysis.

Introduction

Major goals in every top-down proteomics experiment are protein identification and
characterization. The strategy used to achieve these goals involves high-resolution
mass measurement of intact protein ions followed by their fragmentation and analysis
in the mass spectrometer. In spite of enormous improvements in terms of speed and
sensitivity in FTMS instrumentation over the last few years, top-down LC-MS/MS in
large scale proteome analyses will further benefit if high resolution analysis at higher
detection speed would be possible. Furthermore, improvement to the current
generation of charge assignment and protein deconvolution algorithms to handle
complex top-down data will lead to more efficient, complete, and accurate protein
identification. Here we demonstrate the improved performance of the Q Exactive HF
hybrid quadrupole-Orbitrap mass spectrometer in a series of high-throughput top-down
proteomics experiments in conjunction with a new algorithm for charge assignment and
protein deconvolution. Furthermore, a multiplex SIM approach to isotopically resolve
multiple charge states of proteins up to 50 kDa at LC timescale is presented.

Methods

Direct infusion experiments using intact carbonic anhydrase Il were carried out to
evaluate the ability of the Q Exactive HF instrument to perform top-down analysis.
Also, top-down microbial proteome analysis was performed by LC-MS/MS or direct
static nanospray utilizing an E. coli extract. 1-2 ug of protein sample was loaded onto
a Thermo Scientific™ PepSwift™ Monolithic PS-DVB (200 pm x 25 cm) EASY-Spray™
column, and four different LC gradients (5, 15, 30, and 60 min) were run on a Thermo
Scientific™ EASY-nLC™ 1000 system. A data-dependent “Top-N" method using the
“high-high” approach was employed to deliver high resolution and high mass accuracy
in both MS and MS/MS modes, using the Q Exactive HF hybrid quadrupole-Orbitrap
mass spectrometer. Proteoforms were identified using a new charge assignment and
protein deconvolution algorithm. Furthermore, the high-throughput top-down
proteomics data was analyzed using Thermo Scientific™ ProSightPC 3.0 software.
Multiplexed SIM experiments were performed using LC/MS analysis of intact enolase.

FIGURE 1. The Q Exactive HF instrument layout.
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Results

With the implementation of the compact ultra-high field Thermo Scientific™ Orbitrap™
analyzer on the Q Exactive HF instrument (see Figure 1), the resolving power has
been increased by 1.8 fold over that of the previous Orbitrap detector. This enables
high-resolution analysis at high detection speed which makes the HF instrument more
suitable for top-down analysis at LC time scale. The novel Intact Protein Mode allows
adjustment of the trapping gas pressure and optimizes the control logic of the
instrument to analyze intact proteins with masses up to 50 kDa with isotopic resolution.
Carbonic anhydrase Il with a molecular mass of 29 kDa was used to evaluate the
ability of the Q Exactive HF instrument to perform top-down analysis. Figure 2 shows
results of an experiment, where full MS scans were recorded at a resolving power
setting of 240,000 (FWHM at m/z 200) and AGC target value of 3e6. The figure shows
an averaged spectrum over 2 seconds, where the isotopes are baseline resolved and
the charge states are properly assigned. Figure 3 is retrieved from a second
experiment, where an MS/MS scan with higher-energy collisional dissociation (HCD) of
the charge state 34+ at a collision energy of 20 eV was performed. The AGC target
value was 1e6 at a resolving power setting of 120,000 (FWHM at m/z 200) with

4 pscans in 1 second acquisition time. 36 b-type and 28 y-type fragment ions were
identified using ProSight PC 3.0 software.

FIGURE 2. Full-MS spectrum of intact carbonic anhydrase Il (2 x 2 pscans @ 240k
res. pwr. = acq. time: 2 seconds) with baseline resolution of the isotopic pattern.
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FIGURE 3. Top: HCD fragmentation spectrum of carbonic anhydrase Il (4 yscans
@ 120k res. pwr. 2 acq. time: 1 second). Bottom: Deconvoluted HCD spectrum
and ProSight PC results.
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The increased performance in high-throughput top-down proteomics experiments was
evaluated using a complex E. coli protein extract. Intact proteins from E. coli were
purified using solid-phase extraction and analyzed by direct static nanospray or LC-
MS/MS. Without chromatographic separation, 66 unique proteoforms (Figure 4), could
be unambiguously identified in less than 2 minutes’ acquisition time by using a “Top-N"
“high-high” method. ProsightPC analysis results are shown in Table 1. In this case, an
E. coli sample solution of 1 pg/ul was directly infused at a flow rate of about

140 nl/min. Furthermore, with chromatographic separation, we demonstrate that the
number of proteoforms identified grow linearly with LC gradient duration (Figures 5a
and 5b). For 5, 15, 30, and 60 min gradients we were able to identify 722, 996, 1395,
and 1964 proteoforms, respectively. ProsightPC analysis was carried out for each LC
data set. Figure 6 shows top-down identification of glutamine-binding periplasmic
protein from the E. coli extract separated by using a 5 min LC gradient.

FIGURE 4. Full MS spectrum of the SPE C4 purified E. coli sample, obtained by
averaging eighty microscans in direct static nanospray mode.

T: FTMS + p NSI Full ms [500.00-2000.00]

100

90

~ ®
o S

o
=]

w B
S o

N
=]

Relative Abundance
3
Pover bbb b b b bevvr b bl

Deconvoluted Full MS spectrum

795.5246 - 66 Proteoforms
R=67806 p—

7=12 0o N om0 Y m

S 8838¢8¢8 g g

£k f £ £+ + +

5 ¢ ¢ 88¢8¢ 2 £
734.4077 L ‘«% -
R=69606 |  [954.4283 a% g
2=13 R=c0o06 £ & g
z=10 ;% @

626.3673 O nss
Rzzl%oa z=15 11862389
R=53106
3
1406.8544
R2%° 16728867 a0 3050
= R=38402 :
8402 R=38900

Z=¢ z=?

1000 1200 1400 1600 1800 2000

m/z

TABLE 1. List of top 30 proteins by E-value identified in the C4 purified E.
coli sample using the direct static nanospray and data dependent “TopN”
method.

Evalue  Number
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FIGURE 5. Proteoform MW distributions (A) and cumulative distributions (B) for
5, 15, 30, and 60 min LC gradients.
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FIGURE 6. Example of top-down protein identification using ProSight PC:
Glutamine-binding periplasmic protein (MW: 24.9 kDa).
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Most of the proteins identified using “Top-N" “high-high” method have molecular
weights < 35 kDa, which is why a multiplex SIM approach was tested to see whether
the mass range of isotopically resolved proteins can be extended beyond this limit.
With this approach, different charge states of the same protein or of different proteins
can be first selected using the quadrupole, then trapped in the HCD cell, and detected
all together with the Orbitrap analyzer. Using intact enolase we could demonstrate that
proteins up to about 50 kDa can be analyzed with isotopic resolution at LC time scale
(see Figure 7).

FIGURE 7. Multiplex SIM spectrum of 20 consecutive charge states of intact
enolase (10 pyscans @ 240k res. pwr. = acq. time: ~ 5 seconds).
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Conclusion

= Q Exactive HF mass spectrometer with its Intact Protein Mode and 1.8 fold
increase in resolving power enables high-res analysis at high detection
speed which makes it more suitable for high throughput top-down analysis.

= Aided by a new charge assignment/deconvolution algorithm, Q Exactive HF
MS provides significant proteoform and protein coverage, even from a single
direct infusion spectra.

= A multiplex SIM approach allows analysis of intact proteins up to about
50 kDa with isotopic resolution at LC timescale.
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