IodoTMT enables multiple Cys modifications monitoring

Applying Novel Cysteine-reactive Tandem Mass Tags to Quantitative
Proteomic Analysis of Reversible Redox Cysteine Modifications
Kuan-Ting Pan1, Ryan D. Bomgarden2, John C. Rogers2, Rosa I. Viner3,
Tzu-Ching Meng1,4, Kay-Hooi Khoo1,4

Tend to form S-SG

Fig.3. Schematic procedure of Sequential Alkylating Switch (SAS)

1

Tend to form SNO

Institute of Biochemical Sciences, National Taiwan University, Taipei, Taiwan;
2 Thermo Fisher Scientific, Rockford, IL; 3 Thermo Fisher Scientific, San Jose, CA USA
4 Institute of Biological Chemistry, Academia Sinica, Taipei, Taiwan
Overview
 Novel cysteine-reactive tandem mass tags were developed (IodoTMT, Thermo Fisher Scientific).
 Quantitative accuracy and precision using IodoTMT were demonstrated.
 The commercially available anti-TMT resin provides highly efficient enrichment of IodoTMTlabeled peptides.
 First-ever simultaneous MS-based quantitative analysis of redox-related Cys modifications was
achieved by integrating the isobaric IodoTMT tags with sequential alkylating switch.

Fig.4. Strategy for integrating IodoTMT and SAS to monitor multiple Cys modifications simultaneously
(A)

(B)

Increased SNO

Monitor GSNO induced SNO
and S-SG simultaneously

(C)

Introduction
Biotin Switch Technology (BST) and related approaches in conjunction with MS-based proteomic analysis has been widely used for S-nitrosoproteomic
studies. However, quantitative SNO-proteomic analysis is still complicated by the requisite intricate chemical reactions. The transient nature of the
nitrosothiols in vivo due to denitrosylation and/or interconversion to other reversible Cys modifications including sulfenic acid and S-glutathionylation further
complicate the analysis. Simultaneous monitoring of the dynamics of various reversible cysteine modifications is required to obtain a more systematic view
of the changing redox status in cells. Here, we utilized newly synthesized iodo-based cysteine reactive tandem mass tags (IodoTMT) and TMT-specific
antibody for quantitative proteomic analysis of various Cys modifications as effected through external NO donors and/or physiologically relevant stimuli.

IodoTMT provides both quantitative accuracy and precision

Fig.6. Scatter plot with marginal histograms showing the logarithmic ratio
of SNO and S-SG increment as induced by GSNO. Tendency of each Cys
residue to form SNO or S-SG was calculated for statistic analysis. Dash
lines showed the tendencies with indicated Z score values.
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Fig.2. (A) All the disulfides of bovine serum albumin (BSA) were reduced by TCEP and then alkylated by IodoTMT. After tryptic

MS-based quantification. (B) Representative MS/MS spectrum of IodoTMT-labeled peptides. Major fragment
ions were assigned as indicated and reporter ions were marked by arrow. Inset showed the enlarged view of
reporter ions. (C) Boxplot of the determined ratios of reporter ions of all quantifiable peptides.

digestion, TMT-specific enrichment was performed using immobilized anti-TMT resin. The bound peptides were eluted by 0.5%
TCA. Aliquot of each fraction was analyzed by LC-MS/MS. Base peak chromatogram of each fraction was shown as indicated.
(B) Venn diagram showed the percentage of IodoTMT-labeled peptides identified in enriched fraction of IodoTMT-labeled whole
cell lysate as descripted in Fig. 1.
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Fig.5. (A) S-nitrosylation pattern of Rat-1
lysate treated with 100 µM of GSNO or
GSSG was shown by immunoblotting of
anti-TMT through switching the induced
SNO into CysTMT labeling. (B) The treated
lysates were differentially labeled with
isobaric IodoTMT tags based on the status (E)
of each thiol through SAS procedure.
Histogram of the fold change of SNO
caused by GSNO or GSSG treatment was
shown. (C-E) Representative intensity
patterns of reporter ion channels from
different Cys residues were shown. As
described in Fig. 4, for each identified
peptide, reporter 126-128 represent the
SNO form and reporter 129-131 represent
the other reversible forms. C: control; N:
GSNO treatment; G: GSSG treatment.

Conclusion
Fig.1. (A) Schematics of the sample preparation procedures for evaluating the performances of IodoTMT on
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Fig.7. Scatter plot with marginal histograms illustrating the logarithmic
ratio of SNO and S-SG change induced by GSH treatment. Rat-1 lysate
pre-incubated with 100 µM GSNO was treated with 1 mM of GSH followed
by IAM blocking and differentially labeling with isobaric IodoTMT tags.
After tryptic digestion and immunocaptue, the peptides were analyzed by
LC-MS/MS.

Our results demonstrated the capability of this tool for quantitative analysis of redox Cys modifications. We integrated the
sequential alkylating switch approach with isobaric IodoTMT tags and used MS-based quantitative analysis for monitoring
multiple Cys modifications simultaneously, which enabled us to dissect the interchange among various modifications upon
changing redox stimuli.

