Supporting Information:

Developing a Novel Acidic Residue Reactive and Sulfoxide-containing MS-cleavable

Homobifunctional Cross-linker for Probing Protein-Protein Interactions

Craig B. Gutierrez'*, Clinton Yu®*, Eric J. Novitsky?, Alexander S. Huszagh?, Scott D.

Rychnovsky?, Lan Huang'*

!Department of Physiology and Biophysics, University of California, Irvine, CA 92697
2Department of Chemistry, University of California, Irvine, CA 92697

#: These authors contributed equally

*Correspondence should be addressed to Dr. Lan Huang (lanhuang@uci.edu)
Medical Science |, D233
Department of Physiology & Biophysics
University of California, Irvine
Irvine, CA 92697-4560
Phone: (949) 824-8548
Fax: (949) 824-8540



TABLE OF CONTENTS
1. Supplemental Methods
2. Supplemental Figures
3. References

4. Supplemental Tables



SUPPLEMENTAL METHODS

Dihydrazide Sulfoxide (DHSO) Synthesis

Disuccinimidyl sulfoxide (DSSO) was synthesized as previously published '. The 2-step
synthesis scheme for DHSO from DSSO is depicted in Figure 1D. Briefly, tert-butyl carbazate
(1.10 g, 8.32 mmol) was added to DSSO (1.41 g, 4.16 mmol) in DCM (50 mL). The resulting
yellow solution was let stir at room temperature for 12 h, after which trifluoroacetic acid (2.20
mL, 28.7 mmol) was added. The resulting orange solution was let stir for 72 h before removing
the solvent in vacuo. The resulting orange oil was dissolved in methanol, and then triethylamine
was added. The resulting mixture was let stir for 20 mins, after which a white solid had
precipitated. The solid was collected via centrifuge, and then stirred with fresh methanol for 20
mins. The solid was collected via centrifuge again, and this process of stirring with fresh
methanol was repeated another two times. Drying the isolated white solid in vacuo afforded
DHSO (0.375 g, 46%): mp 159-162 °C; "H NMR (500 MHz, DMSO-dg): 8 9.13 (s, 2H), 4.24 (s,
4H), 3.0 —2.97 (m, 2H), 2.83-2.75 (m, 2H), 2.43 (t, J = 7.5 Hz, 4H); C NMR (125 MHz,
DMSO-ds): & 169.3, 46.7, 26.2; IR (thin film): 3308, 3044, 1631, 1449, 1297, 1032 cm™'; HRMS

(ESI) m/z calculated for C¢H;sN4O3S [M + H]" 223.0865, found 223.0857.

Digestion of DHSO Cross-linked Proteins

For in-gel digestion, cross-linked proteins were separated by SDS-PAGE and visualized by
Coomassie blue staining. The selected cross-linked gel bands were excised, reduced with TCEP
for 30 min, alkylated with iodoacetamide for 30 min in the dark, and then digested with trypsin
at 37°C overnight. Peptide digests were extracted, concentrated, and reconstituted in 3%
ACN/2% formic acid for MS" analysis. For in-solution digestion, cross-linked proteins were first
precipitated with TCA and then re-suspended in 8M urea buffer. Reduction and alkylation were
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performed prior to Lys-C/trypsin digestion as previously described 2. The resulting digests were
desalted using Waters C18 Sep-Pak cartridges and fractionated by peptide size exclusion
chromatography (SEC) based on the protocol by Leitner et al. °. The fractions containing cross-

linked peptides were collected for subsequent MS" analysis.

Liquid Chromatography-Multistage Tandem Mass Spectrometry (LC MS") Analysis

Each MS" experiment consists of one MS scan in FT mode (350-1400 m/z, resolution of 60,000
at m/z 400) followed by two data-dependent MS? scans in FT mode (resolution of 7500) with
normalized collision energy at 10% on the top two MS peaks with charges 4+ or higher, and
three MS scans in the LTQ with normalized collision energy at 35% on the top three peaks from

each MS2.

Data Analysis and Identification of DHSO Cross-linked Peptides

MS" Data extraction and analysis were performed in the same way as previously
described *. MS® data was subjected to a developmental version of Protein Prospector (v.5.16.0)
for database searching, using Batch-Tag against SwissProt.2014.12.4.random.concat databases
limited to either the Bos taurus or Equus caballus taxonomy with mass tolerances for parent ions
and fragment ions set as £20 ppm and 0.6 Da, respectively. Trypsin was set as the enzyme with
four maximum missed cleavages allowed. Cysteine carbamidomethylation was set as a constant
modification. A maximum of four variable modifications were also allowed, including protein N-
terminal acetylation, methionine oxidation, and N-terminal conversion of glutamine to
pyroglutamic acid. In addition, three defined modifications representing cross-linker fragment

moieties on aspartic acid and glutamic acid were selected: alkene (A, C3H4N,, +68 Da), sulfenic
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acid (S, CsHgN,SO, +118 Da), and unsaturated thiol (T, C3H4N,S, +100 Da) modifications.
Initial acceptance criteria for peptide identification required a reported expectation value < 0.1.
The in-house program XL-Discoverer, a revised version of previously developed Link-Hunter,
was used to validate and summarize cross-linked peptides based on MS" data and database

searching '.
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SUPPLEMENTAL FIGURES:
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Figure S-1. Characteristic MS* fragmentatlon patterns for DHSO cross-linked peptides.
(A) The scheme of peptide cross-linking by DHSO in the presence of DMTMM. MS®
fragmentation of (B) DHSO intra-linked peptide dinra. (C) Dead-end modified peptide apn. (D)
The conversion scheme of ag to ar. Note: S* (sulfenic acid moiety) can be converted to the more
stable unsaturated thiol moiety (T) via water loss as shown in (D).
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Figure S-2. The general XL-MS workflow for the identification of cross-linked DHSO peptides
from proteins.
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Figure S-3. MS" analysis of a representative DHSO inter-linked BSA peptide. (A) MS
spectrum of a DHSO interlinked BSA peptide o—B (m/z 692.8475*"). (B) MS* spectrum of the
cross-linked peptide detected in (A). MS® spectra of MS? fragment ions (C) o (m/z 616.34°")
and (D) Br (m/z 760.36°").
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Figure S-4. MS" analysis of a DHSO intra-linked myoglobin peptide. (A) MS spectrum of a
DHSO intra-linked myoglobin peptide tinra (m/z 518.5275*"). (B) MS? spectrum of the intra-
linked peptide in (A). (C) MS? spectrum of the MS? fragment ion o7 (m/z 514.02%).
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Figure S-5. MS" analysis of a DHSO dead-end modified myoglobin peptide. (A) MS
spectrum of a DHSO dead-end modified myoglobin peptide apy (604.3095°"). (B) MS? spectrum
of the parent ion detected in (A). MS® spectra of MS? fragment ions (C) ax (m/z 559.30°") and
(D) or (m/z 569.96°").
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Figure S-6. BSA cross-link maps on its crystal structure (PDB: 4F5S). (A) with DHSO cross-
link map (red). (B) DSSO cross-link map (blue). (C) The distribution plot of identified linkages
vs. their spatial distances between D|E-D|E for DHSO (red) or K-K for DSSO (blue) in BSA
structure.
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Table S-1. Detailed Summary of DHSO Inter-Linked Myoglobin Peptides Identified by LC MS"
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Note: “|” means or; “&” means and; “T”: unsaturated thiol moiety; “A”: alkene moiety.




Table S-2. Detailed Summary of DHSO Inter-Linked BSA Peptides Identified by LC MS"
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Note: “|” means or; “&” means and; “T”: unsaturated thiol moiety; “A”

: alkene moiety.




Table S-3. Detailed Summary of DSSO Inter-Linked Myoglobin Peptides Identified by LC MS"

# Peptide Seq AA location MS m/z z | A(PPM) Mod. Position MS2 m/z z Distance (Ca-Ca)
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Note: “|” means or; “&” means and; “T”: unsaturated thiol moiety; “A”: alkene moiety.




Table S-4. Detailed Summary of DSSO Inter-Linked BSA Peptides Identified by LC MS"
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Note: “|” means or; “&” means and; “T”

: unsaturated thiol moiety;

“A”: alkene moiety.




	Title page
	TABLE OF CONTENTS
	SI_Huang_revised
	Title page
	Table_S1-S4-1


