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_ _ e o . _ _ In the Orbitrap Astral Zoom mass spectrometer, ions can be trapped longer within The relevant analyzer voltages of the TMT HR mode depend on each other and e L : _ . Peptides from 500 ng Thermo Scientific™ Pierce™ TMT11plex™ labeled yeast and 1 pg 32-
The introduction of Thermo Scientific™ TMT™ 32-plex, with reporter ions clustered the Astral analyzer to increase the length of the ion path thereby enhancing the thus span a multi-dimensional parameter space. An automatic tuning routine Shot-to-Shot switching between single- and multi-pass mode plex labelled Hela cell digest with 1:4 channel ratio were compared by applying 78-minute
into quadruplets spa_lced by 3 mDa, demands a reso!vmg power of approximately instrument’s resolving power. was |mplerr_1er?ted where a genetic search algorlth_m IS u.t|I|zed_to first maximize In a TMT HR Mode method, Orbitrap survey scans are combined with panoramic separation gradients and analyzed using standard and TMT HR modes (Aurora Frontier
90 k at low m/z, WhICh ::uhaller!ges Tustate-of-fuhe-art time-of-flight mass analy_zers. — — j(he transmllssmn aqd suppress overtone§ -.Iow-lntenS|ty artlfgcts caused by Astral MS2 scans for peptide identification in the single-pass mode followed by XT (75 pm x 60 cm) column). Figure 9 shows that the TMT HR mode is fully compatible
The_ Thermo Scientific Orb_ltrap Astral mass spectrometer [1]_ typically -7 ' ions travelling at a different number of oscillations than the principal peak - by separate enhanced resolution scans for reporter ion quantification with a smaller m/z with 11-plex and 32-plex samples and even beneficial for quantification.
achleve_s around 60 k resolution at m/z = 138, falling to 50 k under high space o " Asymmetric Mirror finding the optimal ion foil and relay 2 window in the multi-pass mode. The setup was configured to enable fast shot-to-shot
charge influence. prism voltages (injection and trapping —— switching between the single-pass and 3-pass modes, making the scanning speed >000 25000 _
H t h d luti Iti thod imol ted in th . mode) as depicted in Figure 4a. In a ™ primarily limited by the selected injection time. o 4000 / 20000 &
ere we present an ent a:unce r_esoTuu ion muml-pass method implemented in the HDR Detector second step, a linear scan of the a) b) S5 4%
new Thermo Scientific™ Orbitrap™ Astral™ Zoom mass spectrometer [2], b focusing mirror electrode voltage < 8 = 3000 - 15000 S
significantly improving the resolving power at low m/z enabling TMT 32-plex on Fast-switching ;' 5 optimizes the resolution over a range 5 %’ ! ’g —TMT HR Mode p= % 2000 g 10000 a’
the Thermo Scientific™ Astral™ analyzer. The ions are repeatedly guided through Relay Prism of ion targets (Figure 4b). 32 . £ soaun] S o — Single-pass Mode 23 ©Q 2 S
a switchable prism deflector to extend the ion path while the principal ) % = @5 a 1000 Q & 2000 §
aberrations are compensated, thereby more than doubling the resolution. = R Foll Focusing Mirror ) | % B [ <‘:§ B P E—— 0 0 o
The Orbitrap Astral Zoom Mass Spectrometer / . lectrode | sov 25V ' 2] Calibrated StandardMode ~ TMT-HRMode ~ TMT-HR Mode
] -20V ’ ,«)’ﬁ & % > E—w l .
The Orbitrap Astral Zoom mass spectrometer incorporates a range of novel lon Processor T Re’aypr,s,,, g D seting fime 11plexYeast llplexyeast — 3zplexHuman
technologies for higher speed Sensitivity dynamic range and resolving power A faster E w i : Figure 9. Protein groups and peptides quantified from 500 ng TMT-labelled 11-plex yeast and 32-plex
’ ’ ' = ] . ; ; ; ; ; ; h | 78-minute gradient in standard and TMT-HR modes.
ion filter and quadrupole switching in combination with improved ion transfer times in | 2 200 1 oV oV Time (ms) Analyzer Voltage Setting Time (ms) man samples overa fEimintie gracient i standare an meses
the ion-routing multipole (IRM) and ion processor allow DIA methods (Thermo Prism and Lenses | |5 Y ° ° .
Scientific™ Pierce™ FlexMix™ calibration solution, 2 Th isolation window, 350-980 m/z = F:g;"e G;a) SWitI:hi"g ti:me Chefc: 3': ti;tce;cr::he fo‘::sli"g mirror e::‘:trod.fh‘.'o":%g settLe)sT‘."ithi" Conclusions
range, Thermo Scientific™ Orbitrap™ MS and Astral MS/MS) with scan rates faster than i ~1.fmsforavoriage change o © S0 V. ot STown: =eray prism setes Within =570 Hs. b) 1me=
2709 Hz (DDA methods > 180 HE) A duty cycle of up to) 80 % at 270 Hz is made dependent mass accuracy for shot-to-shot switching between single-pass and multi-pass mode. The TMT HR Mode advances the capabilities of the Astral analyzer. Fast electronic
ossible by a new accumulation stage in the bent trap (linear to 106 ions) which : T T Uy WY U Ny . I _ switching of the relay prism opens an ion trap and guides the ions after three times their
iriwcreases t)rlle effective ion injection intg the IRM by up to 20(% (additional ~0 75) ms on 12480 12481 12482 1248.3 12434 1248.5 12426 1248.7 1248.8 Quantification results of TMT 32-plex reporter ions normal flight distance to the detector. This greatly boosts the resolving power, especially
: .. o : i . lon-opti i : -switchi i Arrival time (us) for small m/z ratios, thereby enabling baseline-resolved quadruplets of reporter ions in a
_ Figure 2: lon-optical components of the Orbitrap Astral Zoom mass spectrometer: A fast-switching relay prism . . . . . . . ) y g q P P
top of 2 ms IT in a DIA methOd)' Furthermore’. an additional mode O.f the .h|gh.dynam|c deflector allows the ions to be trapped longer before detection to extend the ion path. The ion focus is . . T : : v i : : . . A TMT 32-plex labeled Hela dlgeSt sample with 1:4 ratio was mvestlgated with an TMT 32-plex sample. First results show a peak resolution well above 100 k while
range detector of the Astral analyzer for Iow-lnput sample appllcatlons like smgle-cell o . - Figure 4: a) 3-dimensional representation of the relative ion transmission. A genetic algorithm is used to find timized thod t | th tificati in the TMT HR Mod 78 inut P P P
: b h . I . d . ff . b b 1 O/ d h b h controlled by adjustlng the VOItage on the new fOCUSIng mirror electrode. the Optlmal analyzer VOItageS. b) The temporal focus of an ion bunch is shifted to the detector plane by Op Imlze me 0 0] ana yze e quan imcaton In . e ode ( minutes malntalnlng hlgh mass accuracy and ShOt-tO-ShOt Stablllty The TMT HR MOde |S utlllzed
proteomics boosts the single ion detection efficiency by about 10 % and thereby the applying a voltage to the first electrode of the ion mirrors. separation gradient with an lonopticks Aurora Frontier™ XT (75 ym x 60 cm) column

within a novel acquisition scheme delivering greater throughput for protein identification

sensitivity. In combination with a new peak deconvolution algorithm for enhanced
y P J and quantitation for multiplexing up to 32 samples. Achieving a throughput of over 440

Fast relay prism for trapping and detection coupled to a Thermo Scientific™ Vanquish™ Neo LC configured in direct injection;

spectral processing, this increases the depth of analysis. In addition, modified IRM - - tail n found in referen “Th tail mol moosition is shown in : - )
hard I fg faster st 4 collisi yoIS. s for d iral Characterization of the TMT HR Mode details can be found in reference [3]). The detailed sample composition is shown i samples per day, the proteome coverage included 4,299 quantified protein groups and
araware allows 1or faster stepped collision energy experiments 1or aeeper spectra A fast relay prism deflector voltage supply was Figure 7. The scaled protein group abundance of all 32 reporter ion channels is :
2 CE: 80 Hz (OT Astral) > 180 Hz (Orbitrap Astral Zoom MS), 3 CE: 60 H - - - - - in Fi - 22,146 peptides.
coverage ( : z ( stral) z (Orbitrap Astral Zoom ), : z implemented, enabling rapid  switching The ion path is enlarged to approximately 90 m in the multi-pass mode compared extracted as shown in Figure 8. In general, the median detected abundances across
- 150 Hz). A modified AGC filling in the Orbitrap by a new enhanced dynamic range between ion trapping and detection modes. to 30 m on the standard Astral analyzer, which enables maximum resolutions well all channels closely align with the expected ratios (dashed lines). In total, 4,299 protein
mode (EDR) provides additional spectral complexity After ion injection from the ion processor into above 120 k at low m/z for TMT reporter ions as shown in Figure 5. The average groups and 22,146 peptide groups have been quantified which amounts to 94 % and References
and sensitivity. Here, multiplexed ion injections with the Astral analyzer (Figure 3a), the ions pass resolution allows for a baseline resolved TMT 32-plex quadruplet for a broad range 78 % of all identified protein groups and peptides. _ o _
different accumulation times are used for different throuah the orism deflect d illat Repeated drift passes of ion targets. The relative transmission with respect to the single-pass mode is . . 1. H. Stewart et al., Parallelized Acquisition of Orbitrap and Astral Analyzers Enables
| 5 are used for differe rough the prism deflector and oscillate through analyzer - o " - Pigure 7. Sample cesign of a High-Throughput Quantitative Analysis, Anal. Chem. 2023, 95, 42, 1565615664
mass ranges taking the variation in signal intensity between the asymmetric mirrors. The relay typically 35 % and the mass accuracy and shot-to-shot jitter are comparable in both TMT 32-plex labeled HeLa digest Igh-1hroughput Quantitative Analysis, Anal. Lhem. , 99, 42, - :
into account. In addition, the Astral analyzer : : : _ sample (expected ratio: 1:4). For o _ _
ncorborates .  new  multioass  mode w)rllich prism is switched from approx. -160 V to modes normalization to accommodate 2. H. Stewart et al., Proof of principle for enhanced resolution multi-pass methods for the
Y : F; about 250 V so that the ions are trapped in  Hpr a) Resolution at mfz = 138 b) 100 ] 128127 122134 ulule glplmlelmlinlimE llfa R aln for the retention time shift of the Astral analyzer, Int. J. Mass Spectrom., 498, 2024, 117203.
enhances the resolving power for small masses by the analyzer (Figure 3b) and  perform Detector R=143532 R=150232 e P b I i 5 deuterated (D) vs. the non-

1 . . . (a4 2z 19 Z |9 2 v 2 9] 2z 9] Z U Z2 - H H H H . : H
more than a factor of two, enabling TMT 32-plex additional drift passes, before the voltage is ,_ . 160 ” nEzdsRzg828282:5z225825 3R Y33 8 g?f‘f‘:f;ziedclg:‘r":e?g Tvl\\lne-l;'esettjss,e: 3. Julia Kraegenbring et al., ASMS 2025, Contribution MP 748: Enhancing the resolving
measurement in the Astral analyzer. switched back to guide the ions to the HDR 150 5 z 1 - """ T """ "0 (red squares) that carried a 4x power on a novel Orbitrap Astral instrument for TMT35plex applications.

detector, therefore restricting the m/z range. o 140 5 60 amognthof HTLa in bot D and
: : : = 130 ] € 7 non-D channels.
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Figure 3: A fast relay prism deflector controls the ion drift through the Astral analyzer: The ions are ejected from = = il 13 1:10:1:10. O %%« veeloce  cerscraen a quadruplet of TMT reporter ions intellectual property rights of others.
Hig_herAcquisition Speed o the ion processor and guided to the.rela.y pri§m which determines the injecti?n angle _into .the Ast.ral /13 11 o 9uzozozo|8zo|oz 2la 8]%0]%]8]9]0!8]0/ of o with a minimum resolution of o .
Faster lon Filter and Quadrupole Switching analyzer (_a). T_he .voltage of the relay prism is SV\{Itched af_ter the ions have passed it for the first time, which 2 T } A _;—‘I'I.‘J.f "'-.__, L RRRRRRIBEEHESNRER 3 | N &&88&&;?‘4@8&8% S 103,000. Aurora Frontier is a trademark of IonOptlcks Pty Ltd. PO319-2025-EN
traps the ions inside the analyzer (b). After a certain delay time dependent on the selected mass range, the relay v T . - e — ~ ]~ | ] —
Figure 1: Overview of the new features of the Orbitrap Astral Zoom mass spectrometer. prism is switched back to glJide the ions after three ion drift passes towards the HDR detector (C) 1202.05 1202.10 1 4
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