
翻译后修饰（PTMs）在多种生物学过程中扮演重要角色，包

括蛋白质构象和信号转导等等。赖氨酸酰化，例如丙二酰化，就

是其中一种PTM，并且部分受Sirtuin（SIRT）蛋白质家族的成员

赖氨酸脱酰酶调节。在之前一项关于SIRT5调节的赖氨酸丙二酰组

的研究中发现，在1137个丙二酰赖氨酸鉴定位点（来自430个蛋白

质）中，183个位点（来自120个蛋白质）在SIRT5 - / - KO 小鼠中

比野生型小鼠中显著增加1。具体来说，是丙二酰化调节了GAPDH

的活性。然而，丙二酰化肽段通常很难通过 质谱和CID来表征，因

为这种修饰极其不稳定。

在这项工作中，我们采用可调节能量的EAD技术，研究了能

量变化对高度不稳定的PTMs（例如丙二酰化）的影响，重点关注

来自GAPDH（K-192）中先前鉴定的丙酰基位点。对比了两种碎
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可调节电子活化解离（EAD）技术的MS / MS能提供极度不稳

定的蛋白质翻译后修饰信息

使用SCIEX ZenoTOF™ 7600系统进行丙二酰化肽段的修饰位点定位
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裂模式（EAD与CID）在PTM位点定位中的作用。此外，我们采用

MRMHR模式对样品进行定量，研究EAD对不稳定修饰的定量PTM表

征的作用2。激活ZENO trap采集MS/MS数据，可提供显著的灵敏

度，提高EAD MS / MS二级图谱的质量。

SCIEX ZenoTOF™ 7600系统用于PTM表征的主要
特点

• ZENOTOF™ 7600系统可以在高采集速度（最高133 Hz）下获得

高分辨率MS和MS/MS图谱

• 灵活的多重碎裂能力：碰撞诱导解离（CID）和电子活化解离

（EAD）3
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A significant 5-fold improvement in LLOQ for peptide 
quantification was achieved using the ZenoTOF 7600 system 
featuring the Zeno trap. Compared with traditional time-of-flight 
systems, the Zeno trap enables greater MS/MS sensitivity by 
enhancing the duty cycle. In addition, the versatility of TOF 
MS/MS data allows for the capability of post-acquisition 
decisions for the selection of fragment ion(s) for MRMHR. For 
cases where multiple dominant fragment ions are generated 
from the target peptide, the sum of XICs enabled greater 
sensitivity. A 3-fold improvement in LLOQ was observed for 
peptides that leveraged the summing of multiple dominant 
fragment ions when MS/MS ion current was dispersed. 

Traditional workflows for quantitative bioanalyses, such as 
immunological assays, have been displaced by LC-MS/MS 
analysis on triple quadrupole mass spectrometers. 
Immunoassays often lack selectivity and specificity, and have a 
limited linear dynamic range. While the triple quadrupole platform 
has been a key driver for most bioanalytical workflows, offering 
great sensitivity and quantitative performance, high-resolution 
accurate mass spectrometry (HRAMS) has increasingly been 
adopted for quantitative bioanalysis.1,2 With the inherent 
advantage of greater selectivity with improved mass resolution, 
as well as the flexibility of TOF MS/MS data, the ZenoTOF 7600 
system provides excellent quantitative performance in multiple 
dimensions. 

High-resolution platforms, such as traditional time-of-flight 
systems, often lack sensitivity due to loss of ion transmission in 
between TOF pulses. The Zeno trap controls the ion beam from 
the collision cell which facilitates greater ion transmission to the 
TOF accelerator. Therefore, the duty cycle is improved to ≥90 %, 
which enhances overall MS/MS sensitivity. 

The ZenoTOF 7600 system offers an exceptional combination of 
mass resolution, sensitivity, and acquisition speed for 
quantitative analysis. It also aids in the potential for: less ion path 
tuning, increased sensitivity with the Zeno trap, ability to change 
measured fragments post-acquisition and improved 
reproducibility and accuracy. 

Key features of the ZenoTOF 7600 system for 
highly sensitive peptide quantification 
• Demonstration of a 5-fold improvement in LLOQ for peptide 

quantification using the Zeno trap to accumulate ions during 
each TOF pulse for enhanced duty cycle 

• Reach enhanced sensitivity by summing of multiple highly 
abundant fragment ions with availability of TOF MS/MS data 

• Ensure exceptional accuracy and precision for quantitative 
workflows using the ZenoTOF 7600 system 

• Easily acquire, process, and manage data on a single 
platform using the SCIEX OS Software 

 

Figure 1. Factor of improvement in LLOQ for peptide quantification with Zeno MRMHR compared to MRMHR. On average, a 5-fold improvement in 
LLOQ for peptide quantification was observed with Zeno MRMHR in comparison to standard MRMHR.  
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Post-translational modifications (PTMs) are important players in 
a diverse group of functions that include protein conformation 
and signaling. Lysine acylation, such as malonylation, is one 
such PTM, and is regulated in part by lysine deacylases, which 
are members of the sirtuin (SIRT) protein family. In a previous 
study investigating SIRT5-regulated lysine malonylome, it was 
shown that 183 malonyllysine sites (from 120 proteins) out of the 
1,137 identified sites (from 430 proteins) were significantly 
increased in Sirt5-/- KO versus wild-type mice.1 Specifically, it 
revealed that malonylation regulated GADPH activity. 
Malonylated peptides are however traditionally difficult to 
characterize using mass spectrometry and CID because the 
modification is extremely labile. 

In this work, that involves using EAD technology with tunable 
kinetic energy, the effects of kinetic energy ramping on the 
preservation of highly labile PTMs (malonylation, for example) 
was studied, focusing on one previously identified malonyllysine 
site from GADPH (K-192). Two orthogonal fragmentation modes 
were compared (EAD vs. CID), to investigate the utility of each 
for PTM site localization. In addition, samples were measured 
using MRMHR mode to investigate the use of EAD for 
quantitative PTM characterization of labile modifications.2 
MS/MS data were acquired with the Zeno trap activated, which 
provides significant sensitivity increases and enhances the 
quality of EAD MS/MS spectra. 

Key features of SCIEX ZenoTOF 7600 system 
for PTM characterization 
• ZenoTOF 7600 system enables acquisition of high-resolution 

MS and MS/MS spectra at high acquisition rates (up to 
130Hz) 

• Multiple fragmentation capabilities for flexibility: collision 
induced dissociation (CID) and electron activated dissociation 
(EAD)3  

• Use of the Zeno trap for 5-10x increase in signal intensity on 
MS/MS fragment ions3 

• Prevention of neutral loss from labile PTMs (no CO2-loss from 
malonyl modifications) using EAD MS/MS  

• Tunable kinetic energy for EAD MS/MS using the EAD cell 
can be optimized and tailored for specific PTMs 

• Efficient EAD product ion fragmentation generated strong ions 
for PTM site localization 

• Preliminary assessment of EAD fragment ion quantification 
shows quantitative performance using high-resolution MRM 
(MRMHR) workflows  

 

  

 

 

Figure 1. Sequence of the investigated malonylated peptide. 
Peptide at position 185-195 in mouse glyceraldehyde-3-phosphate 
dehydrogenase (P16858) and carrying a malonyl group on lysine K-192 
was investigated. PTM site-specific ions are highlighted in blue.  
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Figure 1. Sequence of the investigated malonylated peptide. 
Peptide at position 185-195 in mouse glyceraldehyde-3-phosphate 
dehydrogenase (P16858) and carrying a malonyl group on lysine K-192 
was investigated. PTM site-specific ions are highlighted in blue.  

图1 .  本文关注的丙二酰化肽段序列。对小鼠甘油醛 - 3 -磷酸脱氢酶

（P16858）中185-195位，其中192位赖氨酸（K-192）带丙二酰基的肽段进

行研究。PTM位点特异性离子用蓝色突出显示。
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A significant 5-fold improvement in LLOQ for peptide 
quantification was achieved using the ZenoTOF 7600 system 
featuring the Zeno trap. Compared with traditional time-of-flight 
systems, the Zeno trap enables greater MS/MS sensitivity by 
enhancing the duty cycle. In addition, the versatility of TOF 
MS/MS data allows for the capability of post-acquisition 
decisions for the selection of fragment ion(s) for MRMHR. For 
cases where multiple dominant fragment ions are generated 
from the target peptide, the sum of XICs enabled greater 
sensitivity. A 3-fold improvement in LLOQ was observed for 
peptides that leveraged the summing of multiple dominant 
fragment ions when MS/MS ion current was dispersed. 

Traditional workflows for quantitative bioanalyses, such as 
immunological assays, have been displaced by LC-MS/MS 
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has been a key driver for most bioanalytical workflows, offering 
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system provides excellent quantitative performance in multiple 
dimensions. 
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between TOF pulses. The Zeno trap controls the ion beam from 
the collision cell which facilitates greater ion transmission to the 
TOF accelerator. Therefore, the duty cycle is improved to ≥90 %, 
which enhances overall MS/MS sensitivity. 

The ZenoTOF 7600 system offers an exceptional combination of 
mass resolution, sensitivity, and acquisition speed for 
quantitative analysis. It also aids in the potential for: less ion path 
tuning, increased sensitivity with the Zeno trap, ability to change 
measured fragments post-acquisition and improved 
reproducibility and accuracy. 

Key features of the ZenoTOF 7600 system for 
highly sensitive peptide quantification 
• Demonstration of a 5-fold improvement in LLOQ for peptide 

quantification using the Zeno trap to accumulate ions during 
each TOF pulse for enhanced duty cycle 

• Reach enhanced sensitivity by summing of multiple highly 
abundant fragment ions with availability of TOF MS/MS data 

• Ensure exceptional accuracy and precision for quantitative 
workflows using the ZenoTOF 7600 system 

• Easily acquire, process, and manage data on a single 
platform using the SCIEX OS Software 

 

Figure 1. Factor of improvement in LLOQ for peptide quantification with Zeno MRMHR compared to MRMHR. On average, a 5-fold improvement in 
LLOQ for peptide quantification was observed with Zeno MRMHR in comparison to standard MRMHR.  

• 使用ZENO™trap（Zeno阱）使MS / MS碎片离子信号强度得到

5-10倍的提升

• 使用EAD MS / MS防止不稳定PTM的中性丢失（丙二酰修饰中没

有CO2丢失）

• 采用可调节能量EAD MS/MS功能，可以针对特定的PTMs进行能

量优化

• 高效的EAD碎裂模式可产生丰度很好的离子用于PTM位点定位

• 对EAD碎片离子定量的初步评估展示了使用高分辨率MRM 

(MRMHR)工作流的定量性能

方法

样品制备：丙二酰化合成肽段从Thermo Fisher Scientific公司

购买，在简单基质中稀释后进行后续分析。

液相方法：采用纳升液相N a n o LC ™  4 2 5系统的微升模式

（5  µL/min），直接进样。色谱柱为0.3 mm×150 mm（2.6µm粒

径）Phenomenex Omega Polar柱。柱温控制在30℃。采用8分钟

的短梯度。

质谱方法：所有数据均使用SCIEX ZenoTOF™ 7600系统和搭配

微升系统探头和25 µm喷针的OptiFlow™ Turbo V离子源 4 采集。该

系统配备了电子活化解离(EAD)技术，可采用基于电子的碎裂模式

以针对性的方式对丙二酰化肽段进行解离。在CID和EAD模式下，

MRMHR数据均采用累计时间为250 ms的TOF MS扫描和150 ms的MS/

MS扫描进行采集。每个化合物均进行了能量优化。在整个研究过

程中，EAD的电子流也经过优化，最终值为5000 nA。

数据处理：MRMHR数据通过SCIEX OS软件2.1中的Explorer及

Analystics模块进行处理。

EAD可保留不稳定的PTM，防止中性丢失

对来自小鼠甘油醛-3-磷酸脱氢酶（P16858）的丙二酰化肽段

TVDGPSGKmaLWR进行合成，其中192位赖氨酸携带丙二酰化修饰

（图1）。使用CID碎裂模式的MRMHR分析导致了y离子系列碎片的

不稳定的丙二酰基团中CO2显著的中性丢失(-44 m/z)（图2A）。然

而EAD碎裂模式可生成完整的z+1离子和c离子系列碎片，在MS/MS

图谱中很容易检测到（图2B）5。具体来说，从z4+1到z11+1，或者

包含不稳定PTM的c9和c10等碎片离子，都没有发生显著的中性丢

失，这使得PTM位点得以明确定位。
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Methods 
Sample preparation: Malonylated synthetic peptides were 
obtained from Thermo Fisher Scientific and diluted in simple 
matrix for analysis. 

Chromatography: A NanoLC 425 system plumbed for microflow 
chromatography (5 µL/min) was used and operated in direct 
inject mode. The analytical column used was a 0.3 mm x 150 
mm (2.6 µm particle size) Phenomenex Omega Polar column. 
Column temperature was controlled at 30C. Short gradients of 8 
minutes were used. 

Mass spectrometry: All data were acquired using a SCIEX 
ZenoTOF 7600 system and an OptiFlow Turbo V ion source4 
equipped with the micro probe and 25 µm electrodes. The 
system is equipped with the electron activated dissociation 
(EAD) cell which enabled electron-based fragmentation to be 
performed in a targeted manner on the malonyl peptides. 
MRMHR Acquisition data were collected using a TOF MS scan of 
250 msec and MS/MS accumulation times of 150 msec both in 
CID and EAD mode. Kinetic energies were ramped and 
optimized per analyte. Electron current was also ramped to 
optimize and a final value of 5000 nA was used throughout 
study. 

Data processing: The MRMHR data was processed using 
SCIEX OS software 2.1 using both Explorer and Analytics 
modules.  

EAD preserves labile PTMs preventing 
neutral losses 
Malonylated peptide TVDGPSGKmaLWR from mouse 
glyceraldehyde-3-phosphate dehydrogenase (P16858) was 
synthetized with a malonylated lysine at position K-192 (Figure 
1). MRMHR analysis using CID fragmentation mode caused 
significant neutral loss of CO2 (-44 m/z) from the labile malonyl 
group for the y-ion series (Figure 2A). However, EAD 
fragmentation generated intact z+1-ion and c-ion series, that 
were easily detectable in the MS/MS spectra (Figure 2B).5 
Specifically, fragment ions were observed, ranging from z4+1 to 
z11+1, or also c9 and c10 that contained the labile PTM, that did 
not undergo a significant neutral loss, enabling confident PTM 
site localization.  

Using the Peptide fragment pane in Bio Tool Kit, the fragment 
ion coverage is easily visualized between the two dissociation 
techniques (Figure 2C). 

  

 

 

Figure 2. MS/MS spectra of TVDGPSGKmaLWR peptide analyzed in 
CID and EAD modes. The malonylated peptide (m/z 656.3320) was 
analyzed in (A) CID mode and (B) EAD mode (KE = 5 eV). CID 
fragmentation resulted in neutral loss of -CO2 (-44), and no “intact” PTM-
specific differentiating ions were detectable. Comprehensive EAD 
fragmentation generated high-intensity fragment ions that provided 
evidence for straightforward PTM site localization. (C) Near complete 
sequence characterization was achieved with the EAD dissociation. 

A. CID谱图

B. EAD谱图

C. EAD谱图碎片离子覆盖度

使用Bio Tool Kit软件中的Peptide fragment功能，可以很容易地

将两种解离技术之间的碎片离子覆盖情况进行可视化（图2C）。

图2. TVDGPSGKmaLWR肽段在CID和EAD模式下的MS/MS谱图。丙二酰化肽

段（m/z 656.3320）分别采用（A）CID模式和（B）EAD模式（KE = 5 eV）进

行分析。CID碎裂会导致-CO2(-44)的中性丢失，无法检测到“完整的”PTM
特异性区分性离子。全面的EAD解离产生了高强度的碎片离子，为直接的

PTM位点定位提供了证据。（C）通过EAD解离实现了接近完全的序列表

征。
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A significant 5-fold improvement in LLOQ for peptide 
quantification was achieved using the ZenoTOF 7600 system 
featuring the Zeno trap. Compared with traditional time-of-flight 
systems, the Zeno trap enables greater MS/MS sensitivity by 
enhancing the duty cycle. In addition, the versatility of TOF 
MS/MS data allows for the capability of post-acquisition 
decisions for the selection of fragment ion(s) for MRMHR. For 
cases where multiple dominant fragment ions are generated 
from the target peptide, the sum of XICs enabled greater 
sensitivity. A 3-fold improvement in LLOQ was observed for 
peptides that leveraged the summing of multiple dominant 
fragment ions when MS/MS ion current was dispersed. 

Traditional workflows for quantitative bioanalyses, such as 
immunological assays, have been displaced by LC-MS/MS 
analysis on triple quadrupole mass spectrometers. 
Immunoassays often lack selectivity and specificity, and have a 
limited linear dynamic range. While the triple quadrupole platform 
has been a key driver for most bioanalytical workflows, offering 
great sensitivity and quantitative performance, high-resolution 
accurate mass spectrometry (HRAMS) has increasingly been 
adopted for quantitative bioanalysis.1,2 With the inherent 
advantage of greater selectivity with improved mass resolution, 
as well as the flexibility of TOF MS/MS data, the ZenoTOF 7600 
system provides excellent quantitative performance in multiple 
dimensions. 

High-resolution platforms, such as traditional time-of-flight 
systems, often lack sensitivity due to loss of ion transmission in 
between TOF pulses. The Zeno trap controls the ion beam from 
the collision cell which facilitates greater ion transmission to the 
TOF accelerator. Therefore, the duty cycle is improved to ≥90 %, 
which enhances overall MS/MS sensitivity. 

The ZenoTOF 7600 system offers an exceptional combination of 
mass resolution, sensitivity, and acquisition speed for 
quantitative analysis. It also aids in the potential for: less ion path 
tuning, increased sensitivity with the Zeno trap, ability to change 
measured fragments post-acquisition and improved 
reproducibility and accuracy. 

Key features of the ZenoTOF 7600 system for 
highly sensitive peptide quantification 
• Demonstration of a 5-fold improvement in LLOQ for peptide 

quantification using the Zeno trap to accumulate ions during 
each TOF pulse for enhanced duty cycle 
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Figure 1. Factor of improvement in LLOQ for peptide quantification with Zeno MRMHR compared to MRMHR. On average, a 5-fold improvement in 
LLOQ for peptide quantification was observed with Zeno MRMHR in comparison to standard MRMHR.  

EAD MS / MS的能更优化

利用了ZenoTOF™ 7600系统上EAD能量的可调节特性，EAD解

离是在可调能量范围内进行的。这使得保留PTM修饰肽段上不稳

定修饰的最佳解离参数得以确定，同时实现最佳的灵敏度。能量

可从0 eV增加到11 eV。在本研究中，我们观察到KE值为5 eV时产

生了高丰度、完整的PTM位点特异性碎片离子，同时背景噪声很

小。当KE增加到8 eV或更高时，MS/MS谱图变得更加复杂，含有

PTM修饰的碎片离子的中性丢失出现（图3）。

有趣的是，在EAD解离过程中，不同能量下的碎片离子的解

离模式不同（图4）。大多数含有修饰残基和不稳定丙二酰修饰的

碎片离子的峰面积在KE值为5 eV时最高。在较高的KE值下，可观

察到一些中性的PTM丢失，但5 eV的KE值保持了翻译后修饰的完

整性，并使位点特异性片段离子的峰面积强度最大。
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Kinetic energy ramping for EAD MS/MS 
EAD fragmentation was performed across a range of kinetic 
energies, taking advantage of the tunable nature of EAD on the 
ZenoTOF 7600 system. This allowed determination of the 
optimal fragmentation parameters to preserve labile 
modifications on PTM modified peptides, while achieving best 
sensitivity. Kinetic energies were ramped from 0 eV to 11 eV. In 
this study, it was observed that a KE value of 5 eV generated 
high intensity, intact PTM site-specific fragment ions with very 
little background noise. When increasing KE to 8 eV or higher, 
MS/MS spectra became more complex, and neutral losses from 
fragment ions containing the PTM modification emerged (Figure 
3).  

Interestingly, different dissociation patterns were observed for 
fragment ions across the different kinetic energies during EAD 
MS/MS fragmentation (Figure 4). The peak area for most 
fragment ions containing the modified residue and the labile 
malonyl modification was highest at a KE value of 5 eV. With 
higher KEs some neutral PTM losses were observed, but a KE 
value of 5 eV maintained the integrity of the post-translational 
modification and maximized peak area intensity for site specific 
fragment ions. 

 

 

 

Figure 3. Impact of the kinetic energy (KE) value in EAD on 
fragmentation pattern. MS/MS spectra of malonylated peptide 
TVDGPSGKmaLWR (m/z 656.3320) analyzed in EAD mode with a 
kinetic energy value of (A) 5 eV and (B) 8 eV.   

 

 

 

Figure 4. Kinetic energy ramping for EAD MS/MS.  Malonylated peptide TVDGPSGKmaLWR was analyzed in EAD mode with kinetic energy (KE) 
values varying from 0 eV to 11 eV. Chromatographic peaks were extracted for 16 ions. For the intact ions (two first lines), peak area values were 
normalized on the highest area. For the ions with a neutral loss (third line), area values were normalized to their respective intact ion. 

 

p 3 
 

Kinetic energy ramping for EAD MS/MS 
EAD fragmentation was performed across a range of kinetic 
energies, taking advantage of the tunable nature of EAD on the 
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this study, it was observed that a KE value of 5 eV generated 
high intensity, intact PTM site-specific fragment ions with very 
little background noise. When increasing KE to 8 eV or higher, 
MS/MS spectra became more complex, and neutral losses from 
fragment ions containing the PTM modification emerged (Figure 
3).  

Interestingly, different dissociation patterns were observed for 
fragment ions across the different kinetic energies during EAD 
MS/MS fragmentation (Figure 4). The peak area for most 
fragment ions containing the modified residue and the labile 
malonyl modification was highest at a KE value of 5 eV. With 
higher KEs some neutral PTM losses were observed, but a KE 
value of 5 eV maintained the integrity of the post-translational 
modification and maximized peak area intensity for site specific 
fragment ions. 

 

 

 

Figure 3. Impact of the kinetic energy (KE) value in EAD on 
fragmentation pattern. MS/MS spectra of malonylated peptide 
TVDGPSGKmaLWR (m/z 656.3320) analyzed in EAD mode with a 
kinetic energy value of (A) 5 eV and (B) 8 eV.   

 

 

 

Figure 4. Kinetic energy ramping for EAD MS/MS.  Malonylated peptide TVDGPSGKmaLWR was analyzed in EAD mode with kinetic energy (KE) 
values varying from 0 eV to 11 eV. Chromatographic peaks were extracted for 16 ions. For the intact ions (two first lines), peak area values were 
normalized on the highest area. For the ions with a neutral loss (third line), area values were normalized to their respective intact ion. 

图4. EAD MS/MS的动能优化。在EAD模式下分析丙二酰化肽段TVDGPSGKmaLWR，其能量（KE）值从0 eV增加到11 eV。提取16个离子的色谱峰。对于完整的

离子（前两行），峰面积值根据面积最高值进行归一化。对于有中性丢失的离子（第三行），面积值通过与其各自对应的完整离子进行归一化。

图3. EAD能量（KE）值对碎裂模式的影响。 在EAD模式下分析丙二酰化肽

段TVDGPSGKMALWR（m/z 656.330）的MS / MS图谱，其能量值分别为（A）
5eV和（B）8eV。



在激活Zeno trap和不激活Zeno trap的情况下，分别提取两

个不同进样量的PTM位点特异性碎片离子峰，并计算峰面积比值

（表1）。对于不同碎片离子，灵敏度增加在3.5到9.6倍之间，平

均值为6.4倍。这突出了Zeno trap在研究极低丰度离子方面的重要

价值。
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A significant 5-fold improvement in LLOQ for peptide 
quantification was achieved using the ZenoTOF 7600 system 
featuring the Zeno trap. Compared with traditional time-of-flight 
systems, the Zeno trap enables greater MS/MS sensitivity by 
enhancing the duty cycle. In addition, the versatility of TOF 
MS/MS data allows for the capability of post-acquisition 
decisions for the selection of fragment ion(s) for MRMHR. For 
cases where multiple dominant fragment ions are generated 
from the target peptide, the sum of XICs enabled greater 
sensitivity. A 3-fold improvement in LLOQ was observed for 
peptides that leveraged the summing of multiple dominant 
fragment ions when MS/MS ion current was dispersed. 

Traditional workflows for quantitative bioanalyses, such as 
immunological assays, have been displaced by LC-MS/MS 
analysis on triple quadrupole mass spectrometers. 
Immunoassays often lack selectivity and specificity, and have a 
limited linear dynamic range. While the triple quadrupole platform 
has been a key driver for most bioanalytical workflows, offering 
great sensitivity and quantitative performance, high-resolution 
accurate mass spectrometry (HRAMS) has increasingly been 
adopted for quantitative bioanalysis.1,2 With the inherent 
advantage of greater selectivity with improved mass resolution, 
as well as the flexibility of TOF MS/MS data, the ZenoTOF 7600 
system provides excellent quantitative performance in multiple 
dimensions. 

High-resolution platforms, such as traditional time-of-flight 
systems, often lack sensitivity due to loss of ion transmission in 
between TOF pulses. The Zeno trap controls the ion beam from 
the collision cell which facilitates greater ion transmission to the 
TOF accelerator. Therefore, the duty cycle is improved to ≥90 %, 
which enhances overall MS/MS sensitivity. 

The ZenoTOF 7600 system offers an exceptional combination of 
mass resolution, sensitivity, and acquisition speed for 
quantitative analysis. It also aids in the potential for: less ion path 
tuning, increased sensitivity with the Zeno trap, ability to change 
measured fragments post-acquisition and improved 
reproducibility and accuracy. 

Key features of the ZenoTOF 7600 system for 
highly sensitive peptide quantification 
• Demonstration of a 5-fold improvement in LLOQ for peptide 

quantification using the Zeno trap to accumulate ions during 
each TOF pulse for enhanced duty cycle 

• Reach enhanced sensitivity by summing of multiple highly 
abundant fragment ions with availability of TOF MS/MS data 

• Ensure exceptional accuracy and precision for quantitative 
workflows using the ZenoTOF 7600 system 

• Easily acquire, process, and manage data on a single 
platform using the SCIEX OS Software 

 

Figure 1. Factor of improvement in LLOQ for peptide quantification with Zeno MRMHR compared to MRMHR. On average, a 5-fold improvement in 
LLOQ for peptide quantification was observed with Zeno MRMHR in comparison to standard MRMHR.  
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Zeno trap boosts MS/MS sensitivity for 
fragment ions 

The impact on MS/MS spectral quality and sensitivity when using 
the Zeno trap was also investigated. The Zeno trap is located in 
the back half of the collision cell and is used to reduce ion losses 
between the collision cell and the accelerator. Ions are captured 
in the Zeno trap and then ejected in order of high m/z to low m/z, 
such that each ion reaches the center of the TOF accelerator 
simultaneously. This increases the duty cycle to greater than 
90% through this region and greatly increases the sensitivity for 
MS/MS acquisition.3 

EAD MS/MS spectra, collected with and without the Zeno trap 
activated, illustrate the clear gain in sensitivity provided by this 
feature (Figure 5). The ratios of extracted fragment ion peak 

areas, obtained with and without the Zeno trap activated, were 
determined for PTM site-specific ions at two different amounts 
loaded (Table 1). The sensitivity gain ranged between 3.5 and 
9.6-fold for the various fragment ions, with an average value of 
6.4. This highlights the added value of the Zeno trap for 
investigating very low-abundance ions. 

 

  

 

  

Figure 5. Increased sensitivity when the Zeno trap is activated.  
MS/MS spectra of TVDGPSGKmaLWR peptide (m/z 656.3320) 
analyzed in EAD mode (KE = 5 eV) (A) without and (B) with Zeno trap 
activated. Significant improvements in signal intensity and thus spectral 
quality was observed while using the Zeno trap in combination with 
EAD, enabling more confident PTM localization. 

Table 1. Gain of MS/MS sensitivity using the Zeno trap.   
TVDGPSGKmaLWR peptide was analyzed in EAD mode (kinetic 
energy = 5 eV) with and without using the Zeno trap at various amounts 
(16 and 80 fmol) on column. Chromatographic peak areas were 
extracted and sensitivity changes between having the Zeno trap on and 
off were determined. 

Ions m/z Zeno trap on/off 
16 fmol 

Zeno trap on/off 
80 fmol 

z4+1 682.3672 7.5 7.8 

z5+1 739.3887 9.6* 5.6 

z6+1 826.4207 8.0 8.0 

z7+2 924.4813 5.2 4.0 

z8+1 980.4950 7.0 6.8 

z9+1 1095.5219 4.0 6.2 

c9 958.4840 9.2* 4.1 

c10 1144.5633 3.5 6.8 

* Weak signal without using the Zeno trap 

 

 

Figure 6. Linear response of fragment ions during EAD MRM-HR.  
Peptide TVDGPSGKmaLWR was analyzed in EAD mode (KE = 5 eV), in 
triplicate, loading various amounts (16, 80, 400 and 2000 fmol). 9 
fragment ions are displayed. The R2 coefficient for determination of the 
linear regression is displayed for each ion. 
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图5. Zeno trap激活时灵敏度提升。TVDGPSGKmaLWR肽段（m/z 656.3320）
采用EAD模式（KE = 5 eV）在（A）未激活和（B）激活Zeno阱时的MS/MS谱
图。当与EAD结合使用Zeno trap时，可观察到信号强度和图谱质量的显著

改善，使PTM定位更明确。

Zeno™ trap（Zeno 阱）提高了MS/MS碎片离子的
灵敏度

我们还研究了Zeno trap对MS/MS图谱质量和灵敏度的影响。

Zeno trap位于碰撞单元的后半部分，用于减少碰撞单元和加速器

之间的离子损失。离子在Zeno trap中被捕获，然后按质荷比从

高到低的顺序送出，这样所有离子都能同时到达TOF加速器的中

心。这使占空比提升到90%以上，并极大雪提高了MS/MS采集的

灵敏度。

在激活Zeno trap和未激活Zeno trap的情况下分别采集的EAD 

MS/MS图谱显示，Zeno trap可提供更高的灵敏度（图5）。

表1. 利用Zeno trap获得MS/MS灵敏度的提升。TVDGPSGKmaLWR肽段在在

EAD模式（动能= 5 eV）下，分别在激活和关闭Zeno trap时采集数据，进样

量不同（柱上进样量16 fmol和80 fmol）的定量分析。在激活和关闭Zeno 
trap情况下分别提取色谱峰面积，并确定灵敏度变化。

图6. EAD MRMHR中碎片离子的线性响应。TVDGPSGKmaLWR肽段在EAD模
式下进行分析（KE = 5 eV），进行三次重复，上样量不同（16、80、400
和2000 fmol）。图示为9个碎片离子。每个离子的线性回归的R2系数均进

行了展示。

*没有使用Zeno trap时的微弱信号
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enhancing the duty cycle. In addition, the versatility of TOF 
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cases where multiple dominant fragment ions are generated 
from the target peptide, the sum of XICs enabled greater 
sensitivity. A 3-fold improvement in LLOQ was observed for 
peptides that leveraged the summing of multiple dominant 
fragment ions when MS/MS ion current was dispersed. 

Traditional workflows for quantitative bioanalyses, such as 
immunological assays, have been displaced by LC-MS/MS 
analysis on triple quadrupole mass spectrometers. 
Immunoassays often lack selectivity and specificity, and have a 
limited linear dynamic range. While the triple quadrupole platform 
has been a key driver for most bioanalytical workflows, offering 
great sensitivity and quantitative performance, high-resolution 
accurate mass spectrometry (HRAMS) has increasingly been 
adopted for quantitative bioanalysis.1,2 With the inherent 
advantage of greater selectivity with improved mass resolution, 
as well as the flexibility of TOF MS/MS data, the ZenoTOF 7600 
system provides excellent quantitative performance in multiple 
dimensions. 

High-resolution platforms, such as traditional time-of-flight 
systems, often lack sensitivity due to loss of ion transmission in 
between TOF pulses. The Zeno trap controls the ion beam from 
the collision cell which facilitates greater ion transmission to the 
TOF accelerator. Therefore, the duty cycle is improved to ≥90 %, 
which enhances overall MS/MS sensitivity. 

The ZenoTOF 7600 system offers an exceptional combination of 
mass resolution, sensitivity, and acquisition speed for 
quantitative analysis. It also aids in the potential for: less ion path 
tuning, increased sensitivity with the Zeno trap, ability to change 
measured fragments post-acquisition and improved 
reproducibility and accuracy. 

Key features of the ZenoTOF 7600 system for 
highly sensitive peptide quantification 
• Demonstration of a 5-fold improvement in LLOQ for peptide 

quantification using the Zeno trap to accumulate ions during 
each TOF pulse for enhanced duty cycle 

• Reach enhanced sensitivity by summing of multiple highly 
abundant fragment ions with availability of TOF MS/MS data 

• Ensure exceptional accuracy and precision for quantitative 
workflows using the ZenoTOF 7600 system 

• Easily acquire, process, and manage data on a single 
platform using the SCIEX OS Software 

 

Figure 1. Factor of improvement in LLOQ for peptide quantification with Zeno MRMHR compared to MRMHR. On average, a 5-fold improvement in 
LLOQ for peptide quantification was observed with Zeno MRMHR in comparison to standard MRMHR.  
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使用靶向MRMHR对定量结果进行初步评估

为了了解EAD MS/MS的定量性能，我们将4种不同浓度的肽段

（柱上进样量为16、80、400和2000 fmol）重复进样三次，生成

初始稀释曲线（图6）。

在这些初步评估中，被研究的9个碎片离子（R2≥0.99）获得

了良好的线性。

结论

在本研究中，我们利用SCIEX ZenoTOF™ 7600系统研究了电子

活化解离在不稳定翻译后蛋白修饰的表征和定量中的作用。

• EAD的能量可以调节，并可以针对不同的分析物进行精确优化

• 对于丙二酰化这种极度不稳定的PTM，5 eV的KE值应该是一个

很好的可以保持PTM同时获得更佳灵敏度的能量

• 对于包含不稳定PTM的肽段，可针对特定PTM进行能量优化的

能力可以实现精确位点定位，并更大限度地提高定量准确性

• 此外，Zeno trap的使用显著提升了灵敏度，进一步提高了这

种方法在PTM表征中的实用性

• 采用EAD碎裂模式的MRMHR的初步结果表明，这种方法可以为

不稳定的PTMs提供稳健的定量，不过我们计划进一步探索这

个问题。

参考文献

1. Nishida Y, Rardin MJ et al. (2015) SIRT5 regulates both cytosolic 

and mitochondrial protein malonylation with glycolysis as a 

major target. Mol Cell, 59:321-32.

2. Schilling B, Hunter CL et al. (2015) Multiplexed, scheduled, high-

resolution parallel reaction monitoring on a full scan QqTOF 

instrument with integrated data-dependent and targeted mass 

spectrometric workflows. Anal Chem, 87: 10222-9.

3. Qualitative flexibility combined with quantitative power -Using 

the SCIEX ZenoTOF 7600 LC-MS/MS system, powered by SCIEX 

OS software. SCIEX technical note RUO-MKT-02-13053-A.

4. Single source solution for low flow chromatography –OptiFlow 

Turbo V Source – always working in the sweet spot of sensitivity 

and robustness. SCIEX technical note. RUO-MKT-02-9701-A.

5. PTM site localization and isomer differentiation of 

phosphorylated peptides - Tunable electron activated 

dissociation (EAD) MS/MS using the ZenoTOF 7600 system. SCIEX 

technical note RUO-MKT-02-13174-A.          


