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SUPPLEMENTAL ONLINE INFORMATION

Experimental Procedures.

Escherichia coli strains, Miscellaneous Reagents and Animal Care. BL21-
CodonPlus® (DE3)-RIL and BL21(DE3) were purchased from Stratagene (USA). The
recombinant mouse ATE1 isoforms and Escherichia coli Arginy-tRNA synthetase (RRS)
were purified as previously described [13]. The care and treatment of mice were
performed in accordance with the relevant National Institutes of Health (NIH) guidelines.

Peptides. Human angiotensin 11 (A9525) was purchased from Sigma; Acetylated
and non-acetylated actin N-terminal peptide were synthesized by Dr. Henry Zebroski at
the Rockefeller University Proteomics Resource Center; non-arginylated long actin N-
terminal peptide, DN, DN-Me, and DN-AIl were synthesized by Genscript.

In vitro arginylation of peptides. In vitro arginylation reaction of peptides by
ATE1 was modified from [13]. A typical reaction was performed in 100 ul volume,
containing 50 mM Hepes, pH 7.5, 25 mM KCI, 15 mM MgCl;, 0.1 mM DTT, 3 mM
ATP, 1 mM Arginine, 100 uM tRNA-Arg from E.coli (Chemical Block), 6 uM RRS, 3
UM ATEL and 100 uM peptide substrate. Reaction was mixed and incubated at 37 °C for
1 hour, followed by heating at 95°C for 15 min, cooling down on ice for 20 min, and

spinning at 13,000 rpm for 15 min in a tabletop microfuge. The supernatants were loaded
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onto C18 spin columns (The Nest Group, Inc.) prewashed with 100% acetonitrile and
water, then washed with 0.1% trifluoroacetic acid (TFA) and eluted with 60%
acetonitrile/0.1%TFA in water. The eluted peptide was dried with speed vacuum and re-
dissolved in 0.1% TFA in water for further analysis. L-[**C,">N]-Arginine (Pierce) was
used for arginylation of peptides for mass spectrometry and NMR, and L-Arginine
(Sigma) was used for Edman sequencing. For NMR analysis, arginylated peptides were
further purified by HPLC, lyophilized, and dissolved in 20 mM K;HPO4/KH,PO, buffer,
pH 6.0 and adjusted to the concentration to 1ImM. To evaluate the arginylation efficiency,
12.5 puM L-[2,3,4-3H]-Arginine (PerkinElmer) instead of “cold” arginine was used in the
reaction and the concentrations of tRNA”" and peptides were adjusted to 50 uM. After
purification with C18 spin columns, arginylated peptides were counted in a liquid
scintillation counter and evaluated as counts per minute (cpm) of [3H]-Arg.

Mass spectrometry and database searches. Sample preparation and tandem
MS/MS were performed as previously described [2, 14]. Protein identification was
performed with Integrated Proteomics Pipeline - IP2 (Integrated Proteomics Applications,
Inc., San Diego, CA. http://www.integratedproteomics.com/) using ProLuCID and
DTASelect2 [14]. Spectrum raw files were extracted into ms1 and ms2 files from raw
files using RawExtract 1.9.9 (http://fields.scripps.edu/downloads.php) [15], and the
tandem mass spectra were searched against NCBI RefSeq protein database
(http://www.ncbi.nlm.nih.gov/refseq/, downloaded on May 17, 2010). In order to
accurately estimate peptide probabilities and false discovery rates, we used a decoy
database containing the reversed sequences of all the proteins appended to the target

database. Tandem mass spectra were matched to sequences using the ProLuCID
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algorithm with 50 ppm peptide mass tolerance. ProLuCID searches were done on an Intel
Xeon cluster running under the Linux operating system. The search space included all
fully tryptic peptide candidates that fell within the mass tolerance window with maximum
2 miscleavages. Carbamidomethylation (+57.02146 Da) of cysteine was considered as a
static modification, arginylation (+156.1011 or + 166.1093) on Aspartic acid and
Glutamic acid residues were considered as variable modifications.

The validity of peptide/spectrum matches (PSMs) was assessed with DTASelect2
using two SEQUEST defined parameters, the cross-correlation score (XCorr), and
normalized difference in cross-correlation scores (DeltaCN). The search results were
grouped by charge state (+1, +2, +3, and greater than +3) and tryptic status (fully tryptic,
half-tryptic, and non-tryptic), resulting in 12 distinct sub-groups. In each one of these
sub-groups, the distribution of XCorr, DeltaCN, and DeltaMass values for (a) direct and
(b) decoy database PSMs was obtained, then the direct and decoy subsets were separated
by discriminant analysis. Full separation of the direct and decoy PSM subsets is not
generally possible; therefore, peptide match probabilities were calculated based on a
nonparametric fit of the direct and decoy score distributions. A peptide confidence of
95% was set as the minimum threshold and only peptides with delta mass less than 5 ppm
were accepted. The false discovery rate was calculated as the percentage of reverse decoy
PSMs among all the PSMs that passed the 95% confidence threshold. After this last
filtering step, we estimate that the peptide false discovery rates were below 1%. See [14]
for further details on manual data validation.

Subtractive Edman degradation. For the Edman reaction, the

phenylisothiocyanate (PITC) was purchased from Pierce. All other reagents were from
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Sigma Aldrich. The peptide was initially dissolved in 50% aqueous pyridine and then an
equal volume of 5% PITC in pyridine was added. The coupling reaction was performed
by heating for 10 minutes at 50 degrees Celsius. Extractions were performed twice with
2:1 heptane/ethyl acetate solution and then lyophilized. Cleavage was performed using
anhydrous TFA and the reaction was performed for 5 minutes at 37 degrees Celsius and
then lyophilized. The peptide was dissolved in water and two volumes of n-butyl acetate
were added. The mixture was shaken and the acetate layer was removed after separation.
The peptide was lyophilized prior to mass spectrometry analysis.

NMR experiments. All NMR spectra were recorded on a Bruker Avance 11 600
MHz NMR spectrometer, equipped with a Bruker TCI triple resonance cryoprobe. All
NMR samples were prepared by dissolving the lyophilized compounds in a buffer with
50 mM sodium phosphate, 50 mM NaCl, and pH 6.3. The concentrations of the samples
were around 0.5 mM. The spectra were recorded with Bruker Topspin standard pulse
sequences at 25 °C, and the spectra were processed with Bruker Topspin software based
on the manufacture suggestions.

Analysis of the sequence context around the arginylated sites. Sequence
fragments of specified lengths (+/- 5, 10 or 20 positions) around the arginylated sites
were extracted from the database and the overlapping fragments (resulting from closely
located sites) were merged together. Frequencies of occurrence of each amino acid in the
vicinity of the arginylated sites were compared to those in the full-length proteins; the
significance of the deviation for each amino acid was estimated using the binomial

approximation with Bonferroni correction (binomial p-values were multiplied by a factor
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of 20 to account for comparison of 20 amino acids). To avoid bias, titin, the longest
protein in the mouse genome, was excluded from the analysis.
Statistical analysis. Calculation of standard deviation (SD) and standard error of

mean (S.E.M.) was based on Student's t-distribution.
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Supplemental Figure and Table Legends.

Figure S1 (related to Figure 2). Normalized side chain incorporation of Arg into

a standard peptide in the presence and absence of tRNA. Error bar represents SEM, n=3

Figure S2 (related to Figures 2 and 3). MALDI TOF spectrograms showing the
standard enzymatically arginylated peptide (R)-DDIAALVVDNGSGMCK before (left)
and after (right) the first Edman degradation cycle. The peptide mass has reduced by one

Arg, confirming its N-terminal linkage to the peptide.

Figure S3 (related to Figure 3). Colorimetric assay with Aminopeptidase B in

the absence (red) and presence (green) of the inhibitor Bestatin.

Supplemental Table 1 (related to Figure 1 and Table 1). Protein sites
arginylated in vivo on the side chains of Asp and Glu showing the homology of these

sites to other isoforms of the identified proteins.

Supplemental Table 2 (related to Figure 1 and Table 1). Parameters of the

identified peptides.

Supplemental Table 3 (related to Figure 1 and Table 1). Frequencies of amino

acid occurrence within 5, 10, and 20 flanking residues to the arginylation sites.

Supplemental Dataset (related to Figure 1 and Table 1). Mass spectra of the

identified side chain arginylated peptides.
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Wang_et_al_Supplemental Figure 2
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SUPPLEMENTAL DATASET

Mass spectra of the side chain arginylated peptides identified in vivo.
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MMDFETFLPMLOQHISK, MH+ 2124.0439, m/z T08.6861
File: myyofibril-10, Scan: 10484, Precursor m/z: 709.3559, Charge: 3
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LKHAY EESLEHLETFEK, MH+ 2107.0818, m/z 703.0321

Filz: myofibril-g, Scan: 6230, Precursor msz: 703.36774, Charge: 3

HHE

b1 ++

bi2++

yE+

bi3++

YT+

[

TS

b S

o
S
== +
o
- o
+ 0
En—
.
* -
- o4
— —
L | L £ &
1000 1200 1400 1600 1800

114.0913  57.5493

121.5968

1993.9978

178.6183

186569028

2141368

205 G685
438 2403 n
1004 5460  BOE FEAS
1091.5480 | 5462776

GOZ.B197

66T 3410

(2 l<lely o]o]s

TI5.8T04 R

TOL 4424 il

B56.9337

P07 4576

I

.!

809918

&

Click] to move table
Static Modifications:
C: 57.02146

YWariable Modifications:
E: 156.1011

=}

17518599

1517.7554

1232 6457

1103.5732

104 6.5411

D03 4571

TT4.4145

6373556

524.2715

395.2289

94 1812

147.1128

933.4550

BT6.4336

8409450

7593834

6168115

552 902

508. 7742

452 23322

3877109

319.1814

D2 6394

198.1181

T4.0800



1150502 580287

HSQAHLK D TQLOQLDDAVHANDDLKEMIAIVER, MH+ 3769.9216, m/z 1257.3120
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VELEQOVDDLEGSLEQEKK, MH+ 2371.2463, m/z 791.0870
File: myofibril-trypsin-6, 5can: 5405, Precursor m/z: 791.42413, Charge: 3 100.0757 50.5415 -
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LA EKDEEMEQAK, MH+ 1576.7635, m/z 738.8854
File: myofibril-trypsin-4, Scan: 3028, Precursor m/z: 7898891, Charge: 2
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YWLHM DOMNPYYGGESASITPLEDLY K, MH+ 2996.4458, m/z 999.4868
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File: platslet-8, Scan: 825, Precursor m/z: 999.8227, Chargs: 3
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PPYVLEEWTSVAKPK, MH+ 1736.9694, ms/z 579.6613
File: platslet-10, 3can: 4534, Precursor mJz: §79.99713, Chargs: 3
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LTWEPP E FDGGSPILHYVLER, MH= 2611.3303, mé/z 871.1150

File: myofibril-s, Scan: 10119, Precursor m/z: 871.4515, Charge: 3 1AL ETER
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FYESRDVYMT D TSI TEEQA GPGEPAAPFFISKPYYOK, MH+ 41563.1118, m/z 1041.5334
Flie: mopdicerl-9, Sanc TO04%, Prooorsor miz 1041, 7878, Chargs: 4
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KGWOTY D TTYEDTE, MH+ 17629445, m/z 381.9759
File: myofibril-trypsin-10, Scan: 2971, Precursor m/z; 8824793, Chargs: 2 129.1022
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QLFHPEQLITGKEDAAHNY AR, MH= 2571.3062, m/z 857.7736

File: platelet-11, Scan: 3417, Frecursor m/z: §56.111, Charge: 3 450384
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AQVHVSE E GGEPEAMLQVLGPKPALPEGTEDTAKEDAANR, MH+ 4327.1259, m/z 1082.5369

File: 0BO310WTPMA-11, Scan: 6387, Precursor m/z: 1082.7855, Charge: 4
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KLEGDSTDLSDQIAELQACQIA E LK, MH+ 2771.4421, m/fz 924.4856
File: DBC10WTRMA-11, Scan: 9804, Pracursor msz: 924.82, Chargs: 3
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