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SOD1 modifications in vivo.
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Specifications table

Subject Biochemistry

Specific subject area Protein post-translational modifications, protein aggregation,
lipid peroxidation, lipid electrophiles

Type of data Figures

How data were acquired Raw data were acquired on nanoAcquity UPLC system (Waters,

United States) coupled to a Q-TOF mass spectrometer
instrument (TripleTOF6600 Sciex, United States) using Analyst
TF 1.7 for data-dependent acquisition.

Data format Raw
Analyzed
Parameters for data collection Human recombinant apo-SOD1 was incubated with seven

different lipid aldehydes to determine their effect on protein
modification and aggregation.

Description of data collection To understand how different lipid aldehydes modify apo-SOD1,
we collected samples and submitted them to trypsin digestion
and protein sequencing by LC-MS/MS.

Data source location Institution: Department of Biochemistry, Institute of Chemistry,
University of Sao Paulo
City/Town/Region: Sao Paulo, SP
Country: Brazil

Data accessibility Processed data are available with the article and raw data are
available on repository
Repository name: MassIVE
Data identification number: MSV000085309
Direct URL to data: https://doi.org/doi:10.25345/C5]JH79 or
https://massive.ucsd.edu/ProteoSAFe/dataset.jsp?accession=
MSV000085309

Related research article Dantas, L.S., Viviani, L.G., Inague, A., Piccirillo, E., Rezende, L.,
Ronsein, G.E., Augusto, O., Medeiros, M.H.G., Amaral, A.T.,
Miyamoto, S., Lipid aldehyde hydrophobicity affects apo-SOD1
modification and aggregation. Free Radic Biol Med XXX
(accepted for publication)

Value of the data

» The data show the characterization of apo-SOD1 lipoxidation sites induced by seven biologi-
cally relevant lipid aldehydes.

- These data can be useful for researchers studying protein lipoxidation.

+ These data can be useful for studies investigating protein post-translational modifications in-
duced by lipid peroxidation products.

1. Data description

This dataset contains raw and processed LC-MS/MS data on the characterization of apo-SOD1
lipoxidation sites induced by five different 2-alkenals (4-hydroxy-2-hexenal, HHE; 4-hydroxy-
2-nonenal, HNE; 2-hexen-1-al, HEX; 2,4-nonadienal, NON; and 2,4-decadienal, DEC) and two
cholesterol derived aldehydes (3B-hydroxy-5-oxo-5,6-secocholestan-6-al, SECO-A; and 38-
hydroxy-5 8-hydroxy-B-norcholestane-6 8-carboxaldehyde, SECO-B). Before proteomic analysis,
a reduction step using sodium borohydride was applied to stabilize aldehyde-protein adducts.
Modified proteins were then submitted to bottom-up proteomic analysis workflow using a
high-resolution Q-TOF instrument (TripleTOF6600, Sciex) coupled to a nano-LC system. Protein
lipoxidation sites were mapped using Mascot Server 2.6.1 and confirmed by manual inspection.
Lipoxidation sites were searched considering the formation of Schiff base (SB) and Michael


https://massive.ucsd.edu/ProteoSAFe/dataset.jsp?accession=MSV000085309

LS. Dantas, A. Inague and A.B. Chaves-Filho et al./Data in Brief 31 (2020) 105850 3

¥8 y7 y6 y5 y4 y3 y2 y1 ¥5 y4 y3

A AT A Vo VL ke (3B E - Lmﬁgrﬂﬁﬂgm me Ay

b1 bZ/bS b4 b5 b6 b7 b8 b2 b3 b4/ b5 b6

HHE M HHE
e 1200 e
4000
St
3500 1000 y5+*
w00 32148
2000
a00
L 20 )
1] £ o0
2 H
2 s
1500 ¥6*
5448301 - 400 4197568 3
1000 b7 300 527.2850
" bs TR aagasn b2 / 5
1471123 B e 5 b8 200 2151426 4202629 6263522
sas20s | ss0sets
) alwe B [ saisiss oo, 711505 - T264260
O E) i s e W we ° 200 ) S0 g0 700 a0 500
MessiCrarg, 0a MassiCharge, Da
y19y18y17y16 y15y14 y13 y12 y11 y10 y9 y8 y7 y6 y5 viz yt yi0 v y8 g7 v 2 oyt
B AV e v7 Lo e 610 DY 62 v | @ 6 e 17 11 N an EQ‘ Q22 K23 (sB) F o] Lo o]y ] oz e szz Amoﬂomma Gk (sB)
b1 b2 b3 b4 bS; bS b7 b8 b9 b10 b11 b12 b13 b14 b15b16 b17 b18 b19 b1 b2 b3 b4 b5 b6 b8 b9 b10 b1 bi2
HHE
™ % e yi1
rrdases
- w00 654 8600
200
y8
audsen 2000
0 5 1800
b3 6653255 b18* 1600
200 PRI b9 1B R y2
z i, 4 998530 30415585 Zz 1400 204.1366
& 2781732 ssi.2824 5 1200 655.3630
= 150 1059.5456 b11 = 1000 b2
241381 11046640 ’ - yiz
a86.2067 aco.3294 y
10 P bidno | g7 sseses . 800 #rs1389 oy | T2
b4 891.4967 lore.sre0 600 g1 | ¥3 605.3259
40218 ean3011 1077.5781 Wi | W e
0 508263 902.5045
i
: ool v sw20re7 s st osse
o 200 300 400 500 600 700 800 900 1000 1100 1200 500 900 1000 1100
WessiCrarg, ba Mass(Charge, Da
y19y18y17y16 y15y14 y13 y12 y11 y10 y9 y8 y7 y6 y5 y4 y3 y2 y1 y13 y12 y11 y10 y9 y8 y7 y5s yd y3 y2 y1
( : A“W‘DV’HK" G0[D| G2 P v Qis 6o 117118 s P20  E21 Q22 ke (MA) G A DszFZs@@wz? Kmr«zg Gm Nmfm JEwsadTrskiss (sB)
b1 b2 b3 b4 bs bG b7 b8 b9 b10 b11 b12 b13 b14 b15b16 b17 b18 b19 b3 b4 b10 b11 b12 b13
HHE
50 ¥5 ¥8 e y12H,0°
665.3236 9485163 800 657.8294
300 800
1431185 6 700 10-H,0*
» a2 earts
600
b2 ” y1 yi1+ y12+
. sy > a1 I
gz ™ 2751713 H 500 b2 10 066.8336
H v H 1870714 s | dssser
L 281625, v oot aoea 2 e b3 . ' sz
;i ' N
ot Wsya 61282 | ial guggirs|  10sesaTs ) 300/ 1990766 029004 ., 6003207 i
2751713 pg 1058 5592, y1 | b4 1
100 404.2141 9 464.2334
‘ et st B w| | oo mng;gg; .
| 12106196 13207165 y14 | 335.1924. 5442728
5 o v w0l 248.1604 )\ ‘ ﬂmy;‘zn 3620 9804639
1 s ol ok t i l‘ ST
O T e o A mau et wia Mk e oo e
MassiCharge, ba
12 yi1 y10 ya ¥y8 Y7 y6 Y5 y4 y3 y2 yi Vi4 y13 y12 yit yi0 " o
D 24525 |N2s 677 P8 s koo vat w2 639 s394 15[ ke (SB) H G Gmrmﬁaz Em S ﬂK 5o Tmrm N139 Atolgied 5 4 Rm MA)
b1 b2 b3 b4 b5 b/ b7 b8 b9 bID bIf b2 b6 510 bn biz b13 bid
HHE
500 " y5 HHE Y10+ %
¥ sod2ss sara7se
- ol 50 sot.2744
Y7-H,0"  y1040°
w0 Yoo Vo “ 5372727
0
ss0| 1590011 212308 451291028 3 " 756.3619
- . B s stoarzt 302109
z 1990719 3110 ¥ z v5
.% 250 331147 3 saassa«ay“,. % 2 1 504.2496 601. 7917\/11 .
£ % 3472288 y10° 6418789 £ Yy 6022091 7573674
2001471131 b 5548589 2 751204 2301494 o 5367695 6668126
1o
- A | e V7 - et e \ossooo | 244025 | 3srse| sz 656.3153
aad o0 i a1 i
1573853
100 |
oo sraases
m“ y12 * | 8174827 986.5675
a! LT ljgnlllulﬂwllyélllulhu num\ i I\ l“uwu L bk L{a il e e LA
MassiCrarge, bs Mass(Charge, Da

Fig. 1. Apo-SOD1 modifications induced by HHE. Schiff-base (SB) and Michael adduct (MA) modifications were observed
in the following residues: K3-SB (A), K9-SB (B), K9-MA (C), K30-SB (D), H120-MA (E), K122-SB (F), K128-SB (G), K136-SB
(H).

addition (MA) adducts with the side chains of Lys, His and Cys residues. SOD1 sequence
coverage obtained by Mascot analysis was greater than 99%. Several modifications have been
detected. Mass errors between theoretical and experimentally detected peptide adducts were
below 10 ppm. Figs. 1-6 depict annotated MS/MS mass spectra showing the characterization of
peptide adducts with HHE, HNE, HEX, NON, DEC and SECO-A or SECO-B, respectively.
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Apo-SOD1 modifications induced by HNE. Schiff-base (SB) and Michael adduct (MA) modifications were observed in

the following residues: K3-SB (A), K9-SB (B), K30-SB (C), H120-MA (D), K122-SB (E), K128-SB (F), K136-SB (G), K136-MA

(H).

2. Experimental design, materials and methods

2.1. Materials

4-hydroxy-2-hexenal (HHE) and 4-hydroxy-2-nonenal (HNE) were purchased from Cayman
Chemical (Ann Arbor, MI, USA). Trans-2-hexen-1-al (HEX), trans,trans-2,4-nonadienal (NON),
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Fig. 3. Apo-SOD1 modifications induced by HEX. Schiff-base (SB) and Michael adduct (MA) modifications were observed
in the following residues: K3-SB (A), K9-SB (B), K30-SB (C), K122-SB (D), K128-SB (E), K136-SB (F).

and trans,trans-2,4-decadienal (DEC) were purchased from Sigma (St. Louis, MO, USA). The 38-
hydroxy-5-0x0-5,6-secocholestan-6-al (SECO-A) and 3p-hydroxy-58-hydroxy-B-norcholestane-
68-carboxaldehyde (SECO-B) were synthesized as previously described [2,3]. Aldehyde stock
solutions (2.5mM) were prepared in isopropanol. Human recombinant Cu,Zn-superoxide dis-
mutase (SOD1) and its apo-form were prepared as described by Dantas et al. [4] Sequencing
grade trypsin was obtained from Promega (Madison, WI, USA) and RapiGest SF Surfactant was
acquired from Waters (Milford, MA, USA).

2.2. Incubation with lipid aldehydes

Aliquots of 20 uL of apo-SOD1 (final conc. 10 uM) were incubated with 20 uL of each alde-
hyde (final conc. 250 M) and 160 uL of 50 mM phosphate buffer, pH 7.4, containing 150 mM
NaCl and 100 uM diethylenetriamine pentaacetate (DTPA) at 37 °C for 24 h, with gentle agitation
using Thermomixer (Eppendorf AG, Hamburg, Germany).
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Fig. 4. Apo-SOD1 modifications induced by NON. Schiff-base (SB) and Michael adduct (MA) modifications were observed
in the following residues: K3-SB (A), K9-SB (B), K30-SB (C), H120-MA (D), K122-SB (E), K122-MA (F), K136-SB (G).

2.3. Protein digestion

After incubation, samples were first reduced with sodium borohydride (NaBH4, 5mM), for
1h at room temperature and then, submitted to disulfide reduction with dithiothreitol (DTT,
5mM), for 30 min at 60°C and Cys alkylation with iodoacetamide (15 mM), for 30 min at room
temperature. Protein digestion was done with proteomic-grade trypsin (Promega, Madison, WI,
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Fig. 5. Apo-SOD1 modifications induced by DEC. Schiff-base (SB) and Michael adduct (MA) modifications were observed
in the following residues: K3-SB (A), K9-SB (B), K30-SB (C), K122-SB (D), K128-SB (E), K136-SB (F).

USA) at a 1:100 (w/w) ratio, for 18 h at 37 °C, using RapiGest SF Surfactant (Waters, Milford, MA,
USA).

2.4. LC-MS/MS analysis

Peptide mixture was analyzed by a LC-MS/MS system consisted of a nanoAcquity UPLC sys-
tem (Waters Corp., Milford, MA, USA), coupled to a quadrupole-time-of-flight (Q-TOF) mass spec-
trometer (TripleTOF6600 Sciex, United States), as described previously [4]. First, samples were
desalted on the trapping column (Waters, nanoAcquity Trap column, 180 pm x 20 mm; 5pm) us-
ing 1% solvent B at a flow rate of 10 pL/min for 2 min under isocratic conditions. Peptides were
then separated on a C18 analytical column (Waters nanoAcquity UPLC, 75 um x 150 mm; 3.5 pum)
using a gradient of 0.1% aqueous formic acid (mobile phase A) and 0.1% formic acid in acetoni-
trile (mobile phase B). Chromatographic separation was done at a flow rate of 400 nL min~! for
a total run time of 97 min according to a gradient shown below. Column temperature was kept
at 35 °C. Sample injection volume was 2 L.
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Fig. 6. Apo-SOD1 modifications induced by SECO-A or SECO-B. Schiff-base (SB) and Michael adduct (MA) modifications
were observed in the following residues: K3-SB (A), K9-SB (B), K30-SB (C), K122-SB (D), K128-SB (E), K136-SB (F).

Time (min) % A (0.1% formic acid in water) % B (0.1% formic acid in acetonitrile)
0 99 1

60 65 35

61 10 90

73 10 90

74 99 1

Peptides were infused into the TripleTOF6600 instrument through a nano-ESI source (Sciex,
Framingham, MA). The nano-ESI source was equipped with a nano-ESI emitter tip (New Objec-
tive). The mass spectrometer parameters were:

Ion Source Parameters Settings
Ion spray voltage floating (ISVF) 2400V
Curtain Gas (CUR) 20
Interface heater (IHT) 120

Ion source gas 1 (GS1) 3

Ion source gas 2 (GS2) 0
Declustering potential (DP) 80V
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Tandem mass spectra were acquired by a data-dependent mode. TOFMS survey scan was set
to the m/z range of 300-2000 and the accumulation time to 100 ms. Top 25 MS/MS spectra were
acquired in the mass range of m/z 100-2000 with an accumulation time of 25 ms. The overall
cycle time was 775 ms. Precursor ion selection criteria included charge state between +2 and
+5 and ion intensity greater than 150 counts. Former fragmented precursor ions were excluded
from reanalysis for 20s. Fragmentation was performed using rolling collision energy with a col-
lision energy spread of 5. For LC-MS/MS quality control we used 1pmol/ul stock solution of
beta-galactosidase, which was prepared according to manufacturer's instruction (LC/MS peptide
calibration kit P/N 4,465,867), pre-digested BSA or HeLa protein digest standard (Pierce, Thermo
Scientific). Data acquisition was performed with Analyst TF 1.7 (Sciex). Mass spectrometry raw
data have been deposited to the Mass Spectrometry Interactive Virtual Environment (MassIVE),
with access via https://massive.ucsd.edu/ProteoSAFe/dataset.jsp?accession=MSV000085309.

2.5. Data analysis

Protein sequencing and modification analysis was performed with Mascot® software 2.6.1
version (Matrix Science Ltd., London, United Kingdom), using the following parameters:

Mascot parameters Settings
Database SwissProt
Enzyme Trypsin

Missed cleavages Up to 4
Quantitation None

Peptide tolerance +10 ppm
#153¢C 0

MS/MS tolerance +0.05 Da
Peptide Charge 2+, 3+, 4+
Monoisotopic selected
Variable modifications carbamidomethyl (C), oxidation (M) and aldehyde adducts
Data format Mascot generic
Instrument ESI-QUAD-TOF

In order to search for SOD1 lipoxidation sites, modifications corresponding to each aldehyde
were added to the local Mascot server using the “Adding New Modification” button and filling
with the following parameters:

Adduct type A Mass (Da)
Schiff base (SB) adducts with K or N-term A

HHE 98.0731

HNE 140.1201
HEX 82.0782
NON 122.1095
DEC 136.1252
SECO-A or SECO-B 402.3497

Michael addition (MA) adducts with K, H, or C

HHE 114.0680
HNE 156.1150
HEX 98.0731

NON 138.1044
DEC 152.1201
SECO-A or SECO-B 400.3341

Modified peptides identified by Mascot® were further validated by manual inspection. To
identify the y and b fragments of the modified peptides and attribute their masses in MS/MS
spectrum, we used the Bio Tool Kit microapp in PeakView® software. First, the protein sequence
was digested in silico to create a list of theoretical peptides. Modified SOD1 peptide sequences
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found in MASCOT® software with their respective charges were selected in "Bio Tool Kit" and
modifications corresponding to the mass of each aldehyde were added as variable modification.
The software was settled to match the theoretical fragments to the ions in MS/MS spectrum
with a match tolerance of 0.050 Da.
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