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Purpose: To apply electron transfer dissociation (ETD) mass spectrometry to top-down protein

sequencing. To optimize such application for protein N- and C- terminal sequencing.
q 9 P PP P 9 9 FIGURE 1. Electron transfer dissociation of intact carbonic anhydrase (MW= 29KDa) with Orbitrap detection

Methods: ETD was applied to top-down protein sequencing both in an LTQ Orbitrap XL ETD hybrid mass 2 ms 4ms

spectrometer and in an LTQ XL linear ion trap mass spectrometer equipped with ETD and proton transfer . P _ . . _
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resolution linear ion trap, PTR was used to reduce the product ion charge state after ETD. The resulting (M+36H)36+ . qu Fwﬂt Wesisoloa b e T VIO KT oL Yo el 6 s s 000 aIsle KT VIR A 6 aE Lk L
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Results: ETD is advantageous for sequencing intact proteins, because it randomly cleaves protein e KEFilsvslsalonl KR UWLL‘ Fup s el L Kl s afanl Kl U‘L LLLIU L L" € hLL VULW .

backbone bonds, generating information rich spectrum. Different ETD reaction times allow access to T AR Al LERELE S P EFLELRRUE eE e x ETD 10 ms - ETD 10 ms
different parts of the protein, with shorter reaction times favoring the overall sequence coverage and ——tany

longer reaction times increasing the terminal sequence coverage. When Orbitrap detection is available, - B ] . 20 ms 50 ms

high-resolution, accurate-mass ETD spectra of intact proteins are readily interpreted. Without high . . R © NN AN AR Pl

resolving power, PTR following ETD is needed to reduce product ion charge state, thus simplifying the § ﬁﬂ[qqu,H:yiﬂﬂ:]wﬁgﬂ,{H:}:NJZ% q: 1}1110%“&“1{1 a“xl“;wv »ngr]g ]:]\y v]u S . Y
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Mass spectrometry has drawn more and more attention as an alternative technology to traditional protein N-, as [ P e N T S S S e L SRl L bbb rELL b t aI1 FIV KITILITI61K T1T| TLIEIVIE PlS|oiTi EY TG p el el Aol AL ke £ ncasielo L]
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well as C-terminal, sequencing. Electron transfer dissociation (ETD) mass spectrometry is particularly E errereerterrereet le RlrlLslo lyinlzlalklEls Ll ILlvIL RILIR 6lo atkukrprkyLelrrsolalzlon v hlslklaelsliks

advantageous for sequencing applications because ETD is relatively insensible to the size, the amino acid E [alola alsla # Tl |a LeLle[RIn D AlAlK YK € Lle Fla

composition, and post-translational modifications of proteins, therefore randomly cleaves peptide backbone bonds. * " k e

ETD of intact proteins is highly efficient, generating very informative, yet extremely complex spectra that contain . R .

highly charged product ions that are difficult, or even impossible to resolve at unit resolution. ETD technology was ﬁwﬂ:MEW?MEwiw:H:wmﬂmwﬂ:q:ﬁg: . i ETD 5 ms / PTR 100 ms o § ETD 10,ms / PTR 100 ms

recently implemented in a hybrid linear ion trap - Orbitrap mass spectrometer whose high resolution and mass ETD with Orbit detecti WS MM Nale el Ko o # ¢ 1)e T Effect of ETD reaction time on total sequence ; 7232

accuracy facilitate analysis of intact proteins using ETD. For unit resolution instruments, proton transfer reaction wi rbitrap detection Yalr HYF Kl 6 ssoolacsenT vIO)RKKY RAE and terminal sequence coverage

(PTR) following ETD was developed to reduce spectral complexity. PTR removes protons from multiply charged HunT qﬂs DFETARAQERPDELAVEYFL

product ions, generating simplified spectra that contain product ions at charge states resolvable at unit resolution. anPaLakvLDALD STk F PN
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In this study, the utility of an LTQ Orbitrap XL ETD and an LTQ XL ETD with PTR for intact protein sequencing SLE PR vl P el TE P PLLE S Total number | Total number Number of ¢ ions for Number of z.ions for
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Standard proteins were purchased from Sigma. Desalted intact protein was diluted in acetonitrile / water / formic E| 9 ‘

acid (50:50:0.1) to a final concentration of 2 pM to 5 uM. The sample was directly infused using static nanospray k . 84 61 25 16
with a 4 micron tip (Picotip™, New Objective). ETD was performed using a Thermo Scientific LTQ Orbitrap XL 5 2 03 78 68 25 22
ETD or LTQ XL ETD with PTR. In the LTQ Orbitrap XL ETD™, as shown below, fluoranthene radical anions were
generated in a reagent (CI) ion source. The anions were passed through a transfer multipole, HCD collision cell, : 66 64 25 23 ETD without PTR generates information-rich spectra which are difficult to resolve at unit
c-trap, and quadrupole mass filter to the linear ion trap. The quadrupole operates as a low mass filter, ensuring : P " % 25 resolution (top panel). These spectra are hard, or even impossible to interpret

purity of the reagent anions. Individual charge states of the protein molecular ions were selected for isolation and § : ’ :

ETD in the linear ion trap. The resulting fragment ions were transferred to the Orbitrap for detection. The anion
target was adjusted from 3e5 to 5e5 and the activation time was 2 - 100 msec. The resolving power of the Orbitrap
was selected at 60,000 (FWHM). Data was collected for 5 min (200-300 micro scans).

When high resolving power is not available, PTR following ETD is needed to reduce
spectral complexity.

38 35 25 22 PTR removes protons from multiply charged product ions, generating a simplified
spectrum containing product ions with charge states that allow them to be resolved at
unit resolution (bottom panel). ETD-PTR spectra of intact protein can thus be interpreted
and sequence information can be obtained (middle panel).

Relatve Abundance

PTR was performed using LTQ XL™ with ETD and PTR capability under LTQ 2.6 instrument control software with e o Optimized ETD reaction time for an intact protein is much shorter than for a peptide.

developer's kit. Benzoic acid an_ions generated in_the chemical ionization source at the rear of the instrume_nt were LX O L Shorter reaction time generated larger product ions and better overall sequence coverage.
used as a PTR reagent. The anion target was adjusted from 1e5 to 2e5 for both ETD and PTR. PTR reaction time 1182.14
was from 10 -100 msec. 20921

Extended ETD reaction produced mostly shorter, terminal sequence ions, which is an ideal

‘a result for protein N- and C- terminal sequencing. .
o Conclusions

Data analysis was performed using Thermo Scientific ProSightPC 1.0 software for deconvoluted high resolution ’ 7 | e VAP E ded ETD X | d izt K . tra hvd +1 and 241
ETD spectra with a fragment tolerance of 10 ppm, or manually for ETD-PTR spectra. All the search results were 160043 174043 |1919.60 N xtende r_eactlon also generated c/z type ions containing ex ra. ydrogen (c N and z . . L .
manually evaluated. - g - - - ions) from multiple electron transfer (data not shown). Such product ions can be missed by . LTQ Orbitrap XL ETD or LTQ XL ETD with PTR are promising tools for protein N- and
data analysis software due to the unexpected mass shift. C- terminal sequencing.
For carbonic anhydrase in this study, 4 - 8 millisecond of ETD reaction produced the best ETD is particularly advantageous because it randomly cleaves protein backbone
Intact carbonic anhydrase ions carrying 36 charges were isolated for ETD. overall sequence coverage while 50 millisecond of ETD resulted in the best N- and C- bonds, generating information-rich spectra.

ETD generated an informative, complex spectrum. terr_ninal S.g‘q“e'.‘f]e Iﬁoverage. Un(;ier this cofndition, 26 f(out of 27)AC i:)ns for_N-termdinaI 3'0h With Orbitrap detection, the complex, well-resolved, accurate-mass ETD spectra of
amino acids (with three Pro), and 25 (out of 26) z ions for C-terminal 30 amino acids (wit| intact proteins are easily interpreted.

Charge states of the product ions were resolved using Orbitrap detection. four Pro) were identified.

In the LTQ XL, PTR is available to reduce the ETD spectrum complexity so that

Extensive sequence coverage was obtained from the deconvoluted accurate-mass N . . X - !
terminal sequence information can be obtained from intact proteins.

spectrum.
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