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基于Orbitrap Excedion质谱仪实现通量灵活、稳健可扩展的 

DIA 蛋白质组学分析
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研究目的

本研究旨在评估 Thermo Scientific™ Orbitrap™ Excedion™ 二合一质谱仪在宽范围样品

上样量及不同梯度通量条件下，实施 DIA 采集的稳健性与可扩展性。

引言

具备可拓展性的蛋白质组学分析，对于获得具有统计学意义生物学发现至关重要。色谱

分离与低流速液相技术的进步，大幅提升了自下而上蛋白质组学的分析灵敏度与重现性。 

其中微柱阵列色谱可显著提升分离效率、降低谱带展宽，更好地实现低丰度目标蛋白 

检出 1。结合优化的纳流 / 低流液相方法，可进一步提升离子化效率，并最大程度提高分

析物向质谱仪的传输效率。

数据非依赖采集（DIA）已成为实现全面且可重复蛋白质组表征的重要策略，相较传统

数据依赖采集方法，可提供更稳定的定量结果和更完整的数据覆盖。近期基于高分辨

Thermo Scientific™ Orbitrap™ 质谱仪的研究表明，DIA 工作流可在不同梯度时间和通量

条件下实现可扩展的蛋白质组覆盖，同时保持良好的定量稳定性 2,3。然而，要充分发挥

DIA 的潜力，需要高性能质谱仪、高效色谱分离与优化采集策略的无缝整合。

本技术文档评估了 Orbitrap Excedion 二合一质谱仪联用 Thermo Scientific™ Vanquish™ 

Neo UHPLC 系统及 Thermo Scientific™ µPAC™ Neo Plus HPLC 色谱柱的整体性能。
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该集成平台兼具高分辨能力、快速扫描速度和高效离子传输能力，

并结合高度规整的微柱阵列色谱与精准低流速控制。µPAC Neo 

Plus HPLC 色谱柱可提供尖锐峰形、极低峰展宽和优异的保留时

间稳定性；Vanquish Neo UHPLC 系统的低流速模式进一步提升

离子化效率与待测物向质谱的传输效率（图 1）。

本研究采用 HeLa 标准酶解样本，在 5 – 500 ng 宽进样量范围内

开展 DIA 分析，评估方法稳定性与可拓展性。同时探究 FAIMS 

Pro Duo 离子淌度对蛋白质组覆盖度的提升效果，并在每日约

7 个样品（7 SPD）至 30 个样品（30 SPD）的梯度时长下，考

察通量与鉴定深度的平衡关系。所得数据分别采用 Biognosys 

Spectronaut® 20.4 与 Aptila DIA-NN 2.2 软件进行处理，以验证

不同分析流程下性能趋势的一致性。

整体结果表明，该赛默飞整合平台可实现具有良好扩展性的蛋白

鉴定深度、优异的重复性以及灵活的通量配置能力。该系统支持

稳定可靠的蛋白质组分析，在不同分析通量下保留一致的核心蛋

白质组，并通过延长色谱分离时间进一步增强低丰度蛋白检测能

力，非常适合全面蛋白质组研究。

实验部分

推荐耗材

• Fisher Chemical™ Optima™ LC-MS 级水 

（含 0.1% 甲酸，货号 LS118-500）

• Fisher Chemical™ Optima™ LC-MS 级 80% 乙腈、20% 水 

（含 0.1% 甲酸，货号 LS122500）

• Thermo Scientific™ n- 十二烷基 -β-D- 麦芽糖苷 DDM 

（货号 89902）

样品

• Thermo Scientific™ Pierce™ HeLa 蛋白酶解标准品 

（货号 88328）
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platform combines high resolving power, fast scan speeds, 

and efficient ion transmission with highly ordered micro-pillar 

array chromatography and precise low-flow control. The µPAC 

Neo Plus HPLC column delivers sharp peak profiles, minimal 

band broadening, and excellent retention time stability, while 

low-flow operation on the Vanquish Neo UHPLC system 

enhances ionization efficiency and analyte transfer to the mass 

spectrometer (Figure 1).

To assess scalability and robustness, a HeLa standard digest 

was analyzed using DIA workflows across a broad dynamic 

range (5–500 ng). We further evaluated the impact of the 

Thermo Scientific™ FAIMS Pro Duo Interface on proteome 

coverage and examined the balance between throughput and 

depth using active gradient durations ranging from ~7 samples 

per day (SPD) to 30 SPD. Data was processed using two DIA 

analysis platforms—Biognosys Spectronaut® 20.4 Software, and 

Aptila DIA-NN 2.2 software to confirm consistent performance 

trends across workflows.

Collectively, these studies demonstrate that this integrated 

Thermo Scientific™ platform delivers scalable identification 

depth, strong reproducibility, and flexible throughput options. 

The system supports robust and reliable proteomics, preserves 

a consistent core proteome across acquisition speeds, and 

expands detection of lower-abundance proteins with extended 

separations, making it well suited for comprehensive proteome 

profiling.

Experimental
Recommended consumables 
• Fisher Chemical™ Optima™ LC-MS grade water with 0.1%

formic acid (Cat. No. LS118-500)

• Fisher Chemical™ Optima™ LC-MS grade 80% acetonitrile
(ACN), 20% water with 0.1% formic acid (Cat. No. LS122500)

• Thermo Scientific™ n-Dodecyl-β-D-maltoside DDM
(Cat. No. 89902)

Figure 1. Graphical schematic of DIA workflow setup for label-free quantitation on the Orbitrap Excedion mass spectrometer.

Samples
• Thermo Scientific™ Pierce™ HeLa Protein Digest Standard

(Cat. No. 88328)

LC columns
• µPAC Neo Plus HPLC column, 50 cm × 180 µm, C18, Micro

Pillar Array (Cat. No. COL-UPAC050NAN)

• Thermo Scientific™ EASY-Spray™ Emitter, 10 μm I.D.
(Cat. No. ES993)

UHPLC system
• Vanquish Neo UHPLC system (Cat. No. VN-S10-A-01)

Mass spectrometer 
• Orbitrap Excedion mass spectrometer

• FAIMS Pro Duo Interface

• Thermo Scientific™ EASY-Spray™ Ion Source

Data analysis software 
• Spectronaut software version 20.4

• DIA-NN software version 2.2.0

Sample preparation 
HeLa Protein Digest standard was reconstituted in 0.02% 

dodecyl-β-D-maltoside and 0.1% FA to a final concentration of 

200 ng/µL. The vial was then sonicated for 1 minute at room 

temperature. To an autosampler vial, 78 µL of resuspension 

buffer and 2 µL of 200 ng/uL HeLa digest were added to make 

the final concentration 5 ng/µL. The solution was vortexed for 30 

seconds. A range of 5 to 500 ng of peptide mass was loaded on 

the column for LC-MS analysis. 

LC-MS analysis
All LC-MS runs were analyzed using a Vanquish Neo UHPLC 

system in direct inject configuration, paired with an Orbitrap 

Excedion mass spectrometer. Peptides were separated on the 

Vanquish Neo UHPLC system using a µPAC Neo Plus 50 cm 

HPLC column. Chromatographic gradients were formed using 

0.1% formic acid in water for mobile phase A and 0.1% formic 

acid in 80% acetonitrile for mobile phase B. LC-MS parameters 

and gradient settings can be found below in Tables 1–5. 

图 1.  基于Orbitrap Excedion质谱仪的无标记定量 DIA工作流示意图。

DIA 工作流

Vanquish Neo 
超高效液相系统

50 cm µPAC Plus HPLC 
色谱柱

Orbitrap Excedion 
质谱

FAIMS Pro Duo 
离子淌度

数据处理EASY-Spray 离子源

液相色谱柱

• µPAC Neo Plus 色谱柱，50 cm×180 µm，C18，微柱阵列 

（货号 COL-UPAC050NAN）

• Thermo Scientific™ EASY-Spray™ 喷针，内径 10 µm 

（货号 ES993）

超高效液相系统

• Vanquish Neo UHPLC 系统（货号 VN-S10-A-01）

质谱仪

• Orbitrap Excedion 质谱仪

• FAIMS Pro Duo 离子淌度

• Thermo Scientific™ EASY-Spray™ 离子源

数据分析软件

• Spectronaut 软件 20.4 版

• DIA-NN 软件 2.2.0 版

样品制备

将 HeLa 蛋白酶解标准品用含 0.02% 十二烷基 -β-D- 麦芽糖苷

与 0.1% 甲酸的溶液复溶，终浓度为 200 ng/µL。并于室温条件

下超声 1 分钟。向自动进样瓶中加入 78 µL 复溶缓冲液和 2 µL

浓度为 200 ng/µL 的 HeLa 酶解液，使最终浓度为 5 ng/µL。涡旋 

混匀 30 秒。最终按照 5 – 500 ng 不同上样量进行 LC-MS 分析。

液相色谱 - 质谱分析

所有 LC-MS 运行均采用 Vanquish Neo UHPLC 系统的直接进

样模式，并联用 Orbitrap Excedion 质谱仪完成分析。肽段在

Vanquish Neo UHPLC 系统上通过 µPAC Neo Plus 50 cm HPLC

色谱柱进行分离。流动相 A 为含 0.1% 甲酸的水，流动相 B 为含

0.1%甲酸的80%乙腈。具体LC-MS参数与梯度设置见表1–表5。



3

表 1. 不同通量实验的全局 LC 与 MS 方法参数汇总。表中未提及参数均

为默认值。

全局液相参数

流动相 A 含 0.1% 甲酸的水

流动相 B 含 0.1% 甲酸的 80% 乙腈

分离柱参数

内径 75 µm

柱长 50 cm

最大压力 450 bar

最大流速 750 nL/min

最高温度 60 ℃

实验条件

柱温 50 ℃

快速上样 / 平衡 压力控制模式

上样 / 平衡压力 400 bar

平衡因子 2

自动进样器温度 7 ℃

参数 设置

喷雾电压 2,200 V

鞘气 0 arb

柱温箱温度 50 ℃

离子传输管温度 275 ℃

预期峰宽 9 – 23 秒（随梯度时长变化）

高级峰检测 开启

默认电荷数 2

表 3. 不同通量实验的质谱参数。

MS1 全扫描

Orbitrap 分辨率 60,000 – 120,000

扫描范围（m/z） 400 – 800

RF 透镜 40

AGC 目标值 300%（3.0×106）

最大注入时间 自动

MS2 DIA 扫描

Orbitrap 分辨率 15,000 – 60,000

母离子质量范围（m/z） 400 – 800

隔离窗口（m/z） 8 – 10

窗口位置优化 开启

AGC 目标值 1000%（1.0×106）

最大注入时间 自动

DIA 扫描范围（m/z） 145 – 1450

HCD 碰撞能量（%） 25

RF 透镜（%） 40

循环控制 全部

不同通量下的质谱分辨率与注入时间

30 SPD 18 SPD 12 SPD 7 SPD

Orbitrap 分辨率（MS1） 60,000 60,000 120,000 120,000

Orbitrap 分辨率（MS2） 15,000 30,000 45,000 60,000

隔离窗口（m/z） 8 8 10 10

表 2. 不同通量实验的液相参数。

30 SPD 18 SPD 12 SPD 7 SPD

Time 
(min) %B Flow rate

(nL/min)
Time 
(min) %B Flow rate

(nL/min)
Time 
(min) %B Flow rate

(nL/min)
Time 
(min) %B Flow rate

(nL/min)

0 3 500 0 3 300 0 3 500 0 3 500

0.5 6 500 1 6 300 1.5 6 200 3 4 200

30 22.5 500 60 30 300 90 30 200 150 28 200

36 90 500 69 90 300 105 90 200 180 90 200

36.1 99 750 69.1 99 750 105.1 99 750 180.1 99 750

38 99 750 71 99 750 107 99 750 182 99 750
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表 4.  HeLa 稀释实验的全部液相与质谱方法参数汇总。表中未提及参数

均为默认值。

全局液相参数

流动相 A 含 0.1% 甲酸的水

流动相 B 含 0.1% 甲酸的 80% 乙腈

分离柱参数

内径 75 µm

柱长 50 cm

最大压力 450 bar

最大流速 750 nL/min

最高温度 60 ℃

实验条件

柱温 50 ℃

快速上样 / 平衡 压力控制模式

上样 / 平衡压力 435 bar

平衡因子 0.5

自动进样器温度 7 ℃

参数 设置

喷雾电压 1,900 V

鞘气 0 arb

柱温箱温度 50 ℃

离子传输管温度 305 ℃

FAIMS 模式
Custom Resolution, outer electrode 
temperature: 85 ℃ (for runs with the 
FAIMS Pro Duo interface)

预期峰宽 10 秒

高级峰检测 开启

默认电荷数 2

表 5. HeLa 稀释实验的液相色谱 - 质谱参数。

36 SPD %B Flow rate (nl/min)

0 1 750

0.05 4 750

2.75 12 750

2.85 12.1 200

16.35 22.5 200

26.35 45 200

34.3 99 200

MS1 full scan

5 ng HeLa 50 – 500 ng HeLa

Orbitrap resolution 120k 45k

Scan range (m/z) 400 – 900 400–900

RF lens 50 50

AGC target 300% (3.000e6) 300% (3.000e6)

Maximum IT Auto Auto

FAIMS CV 
(for runs with FAIMS 
Pro Duo interface)

-45 V -45 V

MS2 DIA scan

5 ng HeLa 50 – 500 ng HeLa

Orbitrap resolution 60k 22.5k

FAIMS CV  
(for runs with FAIMS 
Pro Duo interface)

-45 V -45 V

Precursor mass range 
(m/z)

400 – 900 400 – 900

Isolation window (m/z) 50 12

Window placement 
optimization

On On

AGC target 1,000% (1.00e6) 1,000% (1.00e6)

Maximum IT Auto Auto

DIA scan range (m/z) 145 - 1450 145 - 1450

HCD collision energy 
(%)

28 28

RF lens (%) 50 50

Loop control 2 s 2 s

液相色谱 - 质谱数据处理与分析

所有 LC-MS 数据均以 3 次技术重复：在 36 SPD 条件下分别进

样 5 ng, 50 ng, 100 ng, 200 ng 和 500 ng；以及在 200 ng 上样

量下分别采用 7 SPD, 12 SPD, 18 SPD和 30 SPD通量进行分析。

3 次技术重复数据合并后，分别采用 Spectronaut 软件与 DIA-NN

软件进行无谱图库分析策略进行分析 2。肽段与蛋白组 FDR 均

设置为 1%。导出的结果文件导入 Rstudio™（2024.12.1 Build 

563）和 R（v4.3.1）中进行后续数据分析与可视化。
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Results and discussion
Scalable proteome depth across throughput 
conditions
To evaluate the balance between throughput and proteome 

depth, DIA analyses were performed using active gradient 

durations ranging from 30 SPD to 7 SPD (inject-to-inject)  

(Tables 1–3, Figure 2). Using the 30 SPD gradient, substantial 

proteome coverage was achieved, with approximately 6,700 

protein groups and 76,500 peptides identified using Spectronaut 

software. These results demonstrate that the Orbitrap Excedion 

mass spectrometer delivers reproducible proteome depth.

As gradient length increased, identification depth expanded 

proportionally, while 18 SPD and 12 SPD separations further 

increased coverage. The deepest profiling was obtained using 

the 7 SPD gradient, resulting in approximately 8,800 protein 

groups and 135,000 peptides identified. Importantly, consistent 

performance trends were observed across each data analysis 

workflow (Spectronaut software and DIA-NN software), 

highlighting the robustness of the acquisition strategy and its 

compatibility across analysis platforms.

To further assess proteome expansion across throughput 

conditions, protein and peptide overlap between short and 

extended gradients was evaluated (Figure 3). Comparison of 

the 30 SPD and 7 SPD acquisitions showed that the majority of 

proteins identified in the higher-throughput method were retained 

in the extended-gradient dataset (6,609 shared protein groups). 

A similar trend was observed at the peptide level, where most 

stripped peptide sequences detected in the shorter gradients 

were also identified in the longer acquisition. Only a small fraction 

of proteins and peptides were unique to individual runs (<2%), 

indicating strong reproducibility across gradient conditions. 

The additional identifications observed with the longer gradient 

therefore reflect expanded detection of lower-abundance species 

rather than replacement of the core proteome.

Ranked log10 protein abundance distributions further support 

this observation (Figure 4). Progressive extension of gradient 

length expanded detection toward lower-abundance proteins, 

with the 7 SPD acquisition spanning nearly six orders of 

magnitude in dynamic range. Two proteins highlighted in the 

ranked abundance distribution, SHLD2 and CDCA7, were 

detected exclusively in the 7 SPD acquisition and were not 

observed in the shorter gradients. These proteins fall within the 

lowest abundance region of the distribution, illustrating how 

extended chromatographic separations enable detection of 

proteins below the sensitivity threshold of higher-throughput 

methods.

Collectively, these results demonstrate that the Orbitrap Excedion 

mass spectrometer supports flexible throughput while preserving 

a consistent core proteome and enabling scalable expansion 

of proteome depth through improved detection of progressively 

lower-abundance proteins with longer chromatographic 

separations.

Identification depth and robustness across sample 
loads
To characterize DIA proteome profiling performance across 

a broad dynamic range on the Orbitrap Excedion mass 

spectrometer, a HeLa dilution series (5–500 ng) was analyzed 

in triplicate using a 36 SPD method (~26-minute active gradient) 

(Figure 5, Tables 4-5). Dilutions were prepared from 5 ng/µL or 

200 ng/µL (50–500 ng loads) stock solutions, and resolution 

and isolation window settings were optimized according to 

sample input (Table 4). Triplicate injections were processed jointly 

per loading amount using Spectronaut software and DIA-NN 

software.
Figure 2. Scalable proteome depth across throughput conditions. 
Protein group and peptide identifications from triplicate 200 ng HeLa 
analyses acquired using 30 SPD – 7 SPD gradients (inject-to-inject) on 
an Orbitrap Excedion mass spectrometer. Data was processed jointly 
per condition in Spectronaut software and DIA-NN software at 1% FDR. 
Increasing gradient length progressively expanded proteome coverage 
across all analysis workflows.
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图 2. 不同通量条件下可扩展的蛋白质组鉴定深度。在 Orbitrap Excedion

质谱仪上，采用 30 SPD 至 7 SPD 梯度（进样到进样间隔）对 200 ng 

HeLa 样品进行三次重复分析，获得蛋白组与肽段鉴定结果。各条件下的

数据分别在 Spectronaut 和 DIA-NN 软件中进行处理，蛋白和肽段 FDR

设置 1% 进行过滤。随着梯度时间延长，所有分析流程中的蛋白质组覆

盖度均逐步提升。

结果与讨论

不同通量条件下可扩展的蛋白质组深度

为评估分析通量与蛋白质组覆盖深度之间的平衡关系，本研究采

用 30 SPD 至 7 SPD 梯度条件开展 DIA 分析（表 1– 3，图 2）。 

在 30 SPD 梯度条件下，系统已实现较高水平的蛋白质组覆盖 

深度。采用 Spectronaut 软件处理后，共鉴定出约 6,700 个蛋白

组和 76,500 条肽段。这些结果表明，Orbitrap Excedion 质谱仪

可提供稳定可重复的蛋白质组深度分析能力。

随着梯度时间延长，鉴定深度同步提升；18 SPD 和 12 SPD 条

件下覆盖度进一步增加。使用 7 SPD 梯度获得了最深的蛋白质

组表征，鉴定出约 8,800 个蛋白组和 135,000 条肽段。值得注意

的是，无论采用 Spectronaut 软件还是 DIA-NN 软件处理数据，

两款分析软件结果趋势高度一致进一步证明该采集策略具有良好

的稳健性及跨分析平台兼容性。

为进一步评估不同通量条件下蛋白质组覆盖的扩展情况，研究

对短梯度与长梯度条件下的蛋白与肽段重叠情况进行了分析 

（图 3）。30 SPD 与 7 SPD 数据比较结果显示，高通量方法中

鉴定到的大多数蛋白均保留在长梯度数据集中，共有 6,609 个 

共享蛋白组。在肽段水平呈现相似趋势：短梯度中检测到的绝大

多数肽段在长梯度中同样被鉴定。仅有不足 2% 的蛋白和肽段为

单一条件独有，表明不同梯度条件下具有很强的重现性。因此，

长梯度带来的额外鉴定主要反映了对低丰度物质检测能力的提

升，而非核心蛋白质组的替换。

按 log10 蛋白丰度排序的分布结果进一步印证上述结论（见图 4）。

随着梯度时间延长，系统对低丰度蛋白的检测能力持续增强，其

中 7 SPD 方法实现了接近 6 个数量级的动态范围覆盖。图中标

记的 SHLD2 和 CDCA7 两种蛋白，仅在 7 SPD 采集中被检测到，

而在较短梯度条件下未被观察到。这两种蛋白均位于丰度分布的

最低区域，说明延长色谱分离时间能够检测到高通量方法灵敏度

阈值以下的低丰度蛋白。

综上结果表明，Orbitrap Excedion 质谱仪在支持灵活通量的同时，

能够保持稳定的核心蛋白质组，并通过延长色谱分离提升对更低

丰度蛋白的检测能力，从而实现蛋白质组深度的可拓展提升。

不同样品上样量下的鉴定深度与稳定性

为表征 Orbitrap Excedion 质谱仪在宽动态范围内的 DIA 蛋白质组

表征性能，采用 36 SPD 方法（有效梯度约 26 分钟）对 HeLa 稀

释样品（5 – 500 ng）进行 3 次重复分析（图 5，表 4 – 5）。Hela

稀释样品由 5 ng/µL 或 200 ng/µL（50 – 500 ng 上样）储备液 

配制，分辨率与隔离窗口根据上样量进行优化（表 4）。每个上

样量的 3 次重复进样数据合并后，分别使用 Spectronaut 软件和

DIA-NN 软件进行处理。
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Figure 3. Extended gradients expand proteome coverage while retaining the core proteome. 
Venn diagrams showing the overlap of protein groups (left) and stripped peptide sequences (right) 
identified in 30 SPD and 7 SPD (inject-to-inject) DIA acquisitions (n = 3 per condition). Data was 
processed jointly per condition using Spectronaut software. The majority of proteins and peptides 
detected in the shorter gradient were also identified in the 7 SPD dataset, while the extended gradient 
enabled the identification of additional low-abundance protein groups and peptides. 

Figure 4. Dynamic range of protein group abundances across 
acquisition speeds. Ranked log10 protein group abundances from 
DIA acquisitions using 30 SPD – 7 SPD gradients (n = 3 per condition). 
Data was processed together per condition in Spectronaut software. 
Longer gradients expanded detection of lower-abundance proteins, with 
the 7 SPD method achieving a dynamic range exceeding five orders of 
magnitude. The highlighted proteins were the lowest abundant proteins 
identified that were unique to the 7 SPD gradient.
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As shown in Figure 5, identification depth increased consistently 

with sample input across all analysis workflows. At 5 ng, 5,323 

protein groups and 54,809 peptides were identified. At 50 ng, 

identifications increased to 5,964 protein groups and 67,677 

peptides, while the highest load evaluated (500 ng) yielded 6,643 

protein groups and 72,434 peptides (Spectronaut software). 

These results demonstrate robust scalability of the Orbitrap 

Excedion mass spectrometer across more than three orders of 

magnitude in sample input, with consistent performance trends 

observed across all data analysis platforms.

In addition to identification depth, quantitative reproducibility was 

assessed by calculating coefficients of variation (CVs) for protein 

group abundances at each concentration (Figure 6). Protein-level 

median CVs remained below 8% at all loads and below 3.3% at 

≥50 ng. Furthermore, at least 88% of quantified protein groups 

across all loads exhibited CV values below the 20% threshold, 

indicating stable chromatographic performance, efficient ion 

transmission, and consistent DIA acquisition across the dilution 

series.
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assessed by calculating coefficients of variation (CVs) for protein 

group abundances at each concentration (Figure 6). Protein-level 

median CVs remained below 8% at all loads and below 3.3% at 

≥50 ng. Furthermore, at least 88% of quantified protein groups 

across all loads exhibited CV values below the 20% threshold, 

indicating stable chromatographic performance, efficient ion 

transmission, and consistent DIA acquisition across the dilution 

series.
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Collectively, these results demonstrate that the Orbitrap Excedion 

mass spectrometer delivers both robust and scalable proteome 

depth across a broad range of sample inputs, supporting 

comprehensive proteome profiling.

Enhanced proteome coverage with FAIMS 
The impact of the FAIMS Pro Duo interface on proteome 

coverage was evaluated across the HeLa dilution series. Data 

collected without the FAIMS Pro Duo interface was compared to 

data collected with the FAIMS Pro Duo interface using a single 

compensation voltage of -45 V. 

Across the full dilution series, FAIMS consistently increased 

proteome coverage (Figure 7). The relative improvement was 

most pronounced at lower sample loads and gradually decreased 

as sample input increased. Even at the highest sample load 

evaluated (500 ng), FAIMS provided measurable gains, increasing 

protein group identifications by approximately 6%–7% depending 

on the analysis workflow. Importantly, FAIMS did not compromise 

performance at higher sample loads and instead delivered 

incremental increases in identification depth across all conditions 

evaluated.

Collectively, these results demonstrate that the FAIMS Pro Duo 

interface enhances proteome coverage across a broad dynamic 

range.

Figure 5. Protein group and peptide identifications across 
varying HeLa sample loads (without FAIMS) at 36 SPD. Protein 
group and peptide identifications from triplicate analyses of 5–500 ng 
HeLa standard digest acquired on an Orbitrap Excedion mass 
spectrometer without the FAIMS Pro Duo interface. For each loading 
amount, triplicate runs were processed jointly using Spectronaut 
software and DIA-NN software. Peptide and protein group identifications 
were filtered at a 1% FDR. Identification depth increased with sample 
load across all data analysis platforms.

Figure 6. Quantitative precision across HeLa sample loads. Coefficients of variation (CV, %) for protein group abundances across 
5–500 ng HeLa standard digest inputs. Violin plots represent the distribution of CV values for triplicate analyses at each concentration, with 
median CV values indicated by a black line. Data was processed using Spectronaut software. Median CVs remained below 8%. The dashed 
line marks the 20% CV. Percentages above each distribution indicate the proportion of protein groups with CV values below 20%, which was 
at least 88% across all loads, demonstrating robust quantitative reproducibility across a broad dynamic range of sample inputs. 

% of protein groups 
with CVs below 20%

88% 96% 97% 96% 97%
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图 5. 36 SPD 通量下不同 HeLa 上样量（无 FAIMS）条件下的蛋白组和

肽段鉴定结果。在未使用 FAIMS Pro Duo 离子淌度的 Orbitrap Excedion

质谱仪上，对 5 – 500 ng HeLa 标准酶解物进行三次重复分析所得的蛋

白组和肽段鉴定结果。对于每个上样量，三次重复运行的数据合并后，

分别使用 Spectronaut 软件和 DIA-NN 软件进行处理。肽段和蛋白组鉴定

结果均按照 1% FDR 进行过滤。在所有数据分析平台中，鉴定深度均随

样品上样量增加而提高。

图 6. 不同 HeLa 上样量下的定量精密度。5 – 500 ng HeLa 标准酶解物上样量条件下蛋白组丰度的变异系数（CV，%）。小提琴图表示每个

浓度三次重复分析的 CV 分布，黑线为中位 CV 值。数据使用 Spectronaut 软件进行处理。中位 CV 低于 8%。虚线表示 20%CV 阈值。各分布

上方的百分比表示 CV 值低于 20% 的蛋白组所占比例；在所有上样量条件下，该比例均至少为 88%，表明在宽动态范围的样品输入下具有良

好的定量重现性。

综上所述，这些结果表明，Orbitrap Excedion 质谱仪能够在宽范

围样品输入条件下提供稳健且可扩展的蛋白质组深度，支持全面

的蛋白质组表征。

FAIMS 提升蛋白质组覆盖度

在 HeLa 系列稀释样品中评估 FAIMS Pro Duo 离子淌度对蛋白质

组覆盖度提升效果。将未使用 FAIMS Pro Duo 采集的数据与使用

FAIMS Pro Duo、补偿电压为 -45 V 的数据进行比较。

在整个稀释系列样品中，FAIMS 均持续提升蛋白质组覆盖度 

（图 7）。其中，在低上样量条件下，覆盖提升幅度最为显著；

随着样品上样量增加，相对提升比例逐渐降低。即使在 500 ng 

上样量下，根据不同数据处理软件，蛋白组鉴定数约提高 

6% – 7%。值得强调的是，FAIMS 并未损失高上样量条件下的性

能，全条件下均实现鉴定深度稳步提升。

综上所述，这些结果表明，FAIMS Pro Duo 可在宽动态范围内提

升蛋白质组覆盖度。
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图 7. 不同 HeLa 上样量下 FAIMS Pro Duo 的评估。在 Orbitrap Excedion 质谱仪上，以 36 SPD 通量对 5 – 500 ng HeLa 标准酶解物进行采集，比较

使用与不使用 FAIMS Pro Duo 时的蛋白组鉴定结果。每个上样量旁标注的百分比表示使用 FAIMS 相较于未使用 FAIMS 时蛋白鉴定数量的提升百分比。

所有样品均进行三次重复分析；对于每个上样量，三次运行数据合并后，分别使用（A）Spectronaut 软件或（B）DIA-NN 软件进行处理。

Conclusion
The Orbitrap Excedion mass spectrometer, combined with the 

Vanquish Neo UHPLC system and µPAC Neo Plus HPLC column, 

delivers robust, reproducible, and scalable DIA-based proteome 

profiling across a wide dynamic range.

• Across a 5–500 ng HeLa dilution series at 36 SPD, protein 
identifications increased consistently with sample input across 
all data analysis platforms. 

• The 500 ng analysis identified over 7,000 protein groups and 
76,000 peptides with median protein CVs ~3%. 

• The FAIMS Pro Duo interface further increased depth of 
coverage, increasing protein identifications at all sample 
loading amounts.

• Throughput assessments demonstrated deep profiling. The 
7 SPD gradient exceeded 9,000 protein groups and 145,000 
peptides, spanning nearly six orders of magnitude in dynamic 
range. 

• Overlap analysis confirmed preservation of a consistent 
core proteome across acquisition speeds, with <2% of 

Figure 7. Evaluation of the FAIMS Pro Duo interface across varying HeLa sample loads. Protein group identifications from 5–500 ng HeLa 
standard digest acquired at 36 SPD on an Orbitrap Excedion mass spectrometer with and without the FAIMS Pro Duo Interface. The percentage listed 
by each sample loading amount indicates the percentage increase in protein identifications in runs using FAIMS vs. runs not using FAIMS. All samples 
were analyzed in triplicate, and for each loading amount, triplicate runs were processed jointly using (A) Spectronaut software, or (B) DIA-NN software.

identifications unique to individual runs, indicating strong 
reproducibility across gradient conditions.

• The additional identifications observed with the longer 
gradient reflect expanded detection of lower-abundance 
species rather than replacement of the core proteome.

Collectively, these results demonstrate that the Orbitrap Excedion 

mass spectrometer provides highly scalable, robust, and flexible 

acquisitions, supporting reproducible proteome characterization.
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结论

Orbitrap Excedion 质谱仪联用 Vanquish Neo UHPLC 系统与 

µPAC Neo Plus HPLC 色谱柱，可在宽动态范围内实现稳健、可

重复且可扩展的 DIA 蛋白质组研究。

• 在 36 SPD 条件下，对 5 – 500 ng HeLa 系列稀释样品进行

分析时，所有数据分析平台中的蛋白鉴定数均随样品上样量

增加而稳定提升。

• 在 500 ng 条件下，鉴定到超过 7,000 个蛋白组和 76,000 条

肽段，蛋白水平中位 CV 约为 3%。 

• FAIMS Pro Duo 进一步提升了覆盖深度，在所有上样量条件

下均增加了蛋白鉴定数。

• 通量评估表明，该系统可实现深度蛋白质组表征。7 SPD

梯度条件下，蛋白组鉴定数超过 9,000，肽段鉴定数超过

145,000，动态范围接近六个数量级。

• 重叠分析证实，不同采集通量下核心蛋白质组保持一致，仅

有 < 2% 的鉴定结果为单次分析独有，表明梯度条件之间具

有良好的重复性。

• 延长色谱梯度所新增的鉴定数量，并非替换原有核心蛋白组，

而是实现了更多低丰度蛋白的有效检出。

综合而言，Orbitrap Excedion 质谱平台能够提供高度可扩展、稳

健且灵活的 DIA 采集能力，为高重复性蛋白质组表征研究提供可

靠支持。
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