Direct determination of tyrosine sulfation sites in proteomic analysis
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* Tyrosine sulfation is an understudied posttranslational modification (PTM) of crucial biological significance. Abund
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Figure 1. Bovine fibrinogen and plasma samples were reduced with dithiothreitol, alkylated with iodoacetamide and digested with Colored black: loss of sulfation 20 2.,
tryplsm.dTryi’Icqlchetptldes ;\{ere then ;I;anej uMpS\I;wth C18357p|n columns before LC-M3/MS analysis. The resulting mass spectra were Figure 3. LC-ECD MS/MS on a SolariX FT-ICR instrument with the two sulfopeptides (Fig. 2) added to the preferred list for ‘ - (S0O,) 21; .
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desulfated precursor ions were observed, however, sulfate-retaining fragment ions were detected-(b,c).
* Bovine fibrinogen and bovine plasma (Sigma-Aldrich) were digested overnight with sequencing grade modified :
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 Nanoflow LC (nLC)-HCD MS/MS was performed with an Orbitrap Fusion Lumos using a C18 75 um x 50 cm newly implemented features referred to as “labile mode” search 2. By using labile mode searches, it is Figure 6. nLC-EThcD MS/MS analysis of the digested fibrinogen sample with a target peptide inclusion list resulted in detection
Acclaim PepMap™ 100 column. The autosampler, column, and source gas were set to 4, 46, and 285 °C, : : : S e o : PR : S
Vel pTh pHCD i 35 ‘yp 5 possible to filter spectra for diagnostic ions that are characteristic of a specific labile modification, allowing of the doubly charged peptide QVGVEHHVEIE'YD. Sulfate-retaining fragments were detected, however, poor fragmentation and
respectively. The collision energy was 52 7o. for more accurate identification of modified peptides. Labile mode can also incorporate information about sequence coverage were observed,
 ETD was triggered upon neutral loss of either 79.9663 (phosphate) or 79.9568 (sulfate). the remainder masses of modified peptide fragments, improving the accuracy of spectral identification and . . .
» Sulfopeptide candidates from HCD data were added to an inclusion list or time-segmented method for LC-ECD modification localization. We ran the already available worktlow template for labile phosphorylation ana Conclusions and Future Directions
MS/MS with an Agilent 1290 HPLC coupled to a 7 Tesla Solarix Fourier transform ion cyclotron resonance (FT- also .C.UStF)mIZEd 't to search for sulfation. M>Fragger reports |dent|f|efj peptide sequences, asygned e While higher sequence coverage is desired, ECD provided direct evidence of sulfation at tyrosine 443 of
ICR) instrument (Bruker) via an Agilent InfinityLab Poroshell 120 EC-C18 column. The autosampler, column, and modlflcat!ons ano! the mass shift from the base peptide sequence. This search resulted in additional the fibrinogen gamma-B chain. This PTM is not annotated in UniProt: however, Tyr 443 sulfation has been
source gas temperatures were set to 6, 40, and 250 °C, respectively. The ECD heater was at 1.5 A. sulfopeptide candidates. oreviously reported from indirect evidence 4.
 ETD with targeted inclusion list was also performed with supplemental HCD (EThcD) at collision energy 15 %. (a) T:‘é"od? * MSFragger is a powerful search tool for mining labile modifications.
Results 4  Further work for enhancing ETD efficiency, including implementation of supercharging agents or N-
(a) 2.0 terminal guanidination will be needed.
Abund. - j e Due to low sulfation levels, efficient sulfopeptide enrichment would enhance sulfo-Tyr detection,
10 ] + %
x10 - | 5 particularly in complex matrices such as plasma and cell lysates.
2 | . . Acknowledgments
: 5 |
- | This work was supported by NIH grant RO1GM139916 to KH. Steven DeFiglia is acknowledged for
E ] ' ‘ N providing the sequence annotation tool.
i | ﬁ j 0-05 15 20 25 Time [min] References
1 ‘ ‘| ¢ 0l
| e NJ Y ],}’,]_ L'] L\L\_L e JMI (b) AKQFLVYCE%}SLl%IﬂWFSK (c) AE{QFLNYCEIPIQSGET;WLTYL 1. Robinson, M. R., Moore, K. L., & Brodbelt, J. S. (2014). Direct identification of tyrosine sulfation by using ultraviolet
0 10 15 25 30 35 40 45 50 55 60 issociati _
(b) ) - (c) Tlme mini *“;‘i%’—}d- ez 2 ﬁﬁ%’}d M2 2 Ecljlc;tsi(illssDoc,lAatlc()SneiTzT:i Sgejtrc\)(zqeltryﬁ. llim.TZ(())c.(lsw CZZSS gﬂzﬁ{sﬁ ,16‘46I1(12£(l)7213.) MSFragger-Labile: A Flexible Method to
Abund. . MH+2 : Abund ) 9 . ;_*2 T2+ . , U. A, , U. J,, y Ty L, N\, , O, C,, , AL . - :
10° y3 Vs b,-S0, Os : by - Hy0 ing 503 b -H,0 bio- NHa iﬁlﬁ}ﬂgb 1.0 zéﬂz . . : 2y Improve Labile PTM Analysis in Proteomics. Mol Cell. Proteomics, 100538.
L Va 3 by- SO QFIP(T GRDDE PK 10° 10,-NHy Vg H 02 b NH3 5 (s, o 0.8] iy - - ic aci -
b b b6 S0, ! T y,-50, 'bm 02+y7 50 % A ;'-'321----- Cz1; b - 3. Godugu, B., Neta, P, Simén-Manso, Y., & Stein, S. E. (2010). Effect of N-terminal glutamic acid and glutamine on
a0 | P b Vs | | bg-S0; oy ! bw z+ H;f) HENH 0.8 E 2z # fragmentation of peptide ions. J. Am. Soc. Mass Spectrom., 21, 1169-1176.
b, o | V10~ SO; 20_’ é?béfyg-SOg;;; 2 5\1 ;b jf;ﬂ 503:; _,-_,-3 bnh r: J 0.6 z;5' 4. Amano, Y., Shinohara, H., Sakagami, Y., & Matsubayashi, Y. (2005). lon-selective enrichment of tyrosine-sulfated peptides
RRRE gy7. Ve Tilby b, 50350 | g 503 0 Zo 2t o | L P PPN from complex protein digests. Anal. Biochem., 346, 124-131.
204 ¢+ L eSO, L B TR B 0y, -s0, | e o4l |z HE Va0 f
A R R RN R ﬁ o bs b g fH, by 50, 11 A e o BEECE Nt
. | 1 i K ,e:-;.. B | 2 C i e
NN RAREREEE IR V12-30; wi | Meeeso, béu' el 11 el e T oz || f MR
195 s AR R | LT bybg [P Y12- 505 | | r(?H??):’* | l =
ETIRER R REITIE! | bSO, D A TR RN B ﬂu Lkl L Lo ol L i L L W LD L bl |, il - =

| 0 - e ' i ™™ . A :
0 500 400 600 800 1000 1200 1400 1600 1800 2000miz 00 400 600 800 1000 1200 1400 1600 1800 2000m/z Colored blue: retaining phosphorylation

Figure 2. nLC-HCD MS/MS analysis of tryptically digested bovine fibrinogen on an Orbitrap Fusion Lumos resulted in detection of the Colored black: loss of phosphorylation

known sulfopeptide QFPTD"YDEGQDDRPK (" Y=sulfotyrosine) from the N-terminus of the beta chain (residues 1-15) 1, eluting at 34.6 min Figure 4. LC-ECD MS/MS from a time segmented method with quadrupole isolation of a targeted peptide precursor m/z value.
(blue diamond)-(a). The HCD spectrum of the doubly charged peptide showed no sulfated fragments-(b). Proteome Discoverer also  This peptide, AKQFLVYCEIDGSGNGWTVFQK from fibrinogen gamma-B chain (residues 198-219) eluting at 21.4 min (red
identified the doubly charged peptide QVGVEHHVEIEYD from the C-terminus of fibrinogen gamma-B chain (residues 432-444) as sulfated  asterisk)-(a), was identified by MSFragger as sulfated or phosphorylated with an additional precursor mass shift of +1 Da,
or phosphorylated, eluting at 27.3 min (green double dagger)-(a). Therefore, manual spectral interpretation was required. No PTM-  suggesting deamidation. The corresponding ECD spectrum was annotated as either a sulfated (b) or phosphorylated (c) peptide
containing fragments were observed in the HCD spectrum-(c), supporting a sulfopeptide assignment. With the goal of generating sulfate- with a fragment ion m/z error below 10 ppm. Significantly higher sequence coverage was obtained for tyrosine sulfation (b)
containing fragment ions, an alternative nLC method involving loss-triggered ETD was used. However, neither sulfopeptide was detected.  including several sulfate-retaining fragment ions. The ECD spectrum also localized deamidation to GIn3.
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