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Nanospray ionization liquid chromatography
tandem mass spectrometry analysis

For nanospray ionization liquid chromatography tandem
mass spectrometry (nLC-MS/MS) analysis, proteins were
digested in a solution as described previously, with minor
modifications (14). Briefly, samples were 1:1 (v/v) diluted
with 8.0 M urea in 10 mM Tris pH 8.0 (final volume < 100 lL).
Proteins were reduced and alkylated with 1 mM dithiothreitol
and 1 mM iodoacetamide for 1 h in two successive steps at
room temperature (RT). A two-step enzymatic digestion was
performed. First, proteins were digested by addition of 1 lg
lysyl endopeptidase (Lys-C) (Wako Chemicals) for 3 h at RT.
After dilution of the sample with 50 mM ammonium bicar-
bonate to a final concentration of 2 M urea, proteins were
further digested overnight at 37�C by 1 lg trypsin (Promega).
Reactions were terminated by adding trifluoroacetic acid to a
final concentration of 1%. Samples were desalted and con-
centrated using Stage tips (13). nLC-MS/MS analysis was
performed as described previously (18). Chromatographic
separations were performed using an in-house packed re-
versed-phase C18 column on an Agilent nanoflow 1100 liquid
chromatograph. The nano-LC was coupled on-line via a na-
noelectrospray ion source (Thermo Fisher Scientific) to a 7T
linear ion trap Fourier transform ion cyclotron resonance
mass spectrometer (LTQ FT Ultra, Thermo Fisher Scientific).
Mass spectrometric data files were searched using the data-
base search program Mascot (Matrix Science Inc., version 2.2).
The database used for the searches consisted of the human
RefSeq database (release 33) with addition of the sequences of
the TAP proteins used in this study and known contaminants
such as trypsin and Lys-C. An in-house developed script was
used to parse first-ranked peptides from the Mascot search
HTML files, and evaluate peptide and protein identifications.

Digital-imaging microscopy of roGFP fluorescence

Digital-imaging microscopy of roGFP fluorescence was
performed as described previously (15). Pairs of images were
captured at 535 nm emission after alternate excitation at 400
and 480 nm every 5 s. After 3 min, cells were successively
treated with 1 mM H2O2 and 10 mM dithiothreitol. For each
image of a mito-roGFP pair, a mitochondrial mask was gen-
erated and applied to the corresponding background cor-
rected image to calculate the mean fluorescence intensity per
mitochondrial pixel (6). Similarly, the mean fluorescence in-
tensity per cytosolic pixel was calculated for each background
corrected image of the cyto-roGFP pair. Finally, for each im-
age pair, the 400 nm (oxidized state)/480 nm (reduced state)
fluorescence intensity ratio was calculated and the values
obtained with H2O2 (100% oxidation) and dithiothreitol
(100% reduction i.e., 0% oxidation) were used to determine the
percentage oxidation. Image processing and analysis were
performed using Image Pro Plus 5.1 (Media Cybernetics).

Cell lines for inducible expression of AcGFP1-
and TAP-tagged BOLA1 and TAP-tagged GLRX5

HEK293 cells stably expressing AcGFP1-tagged GLRX5
(GLRX5-GFP) and BOLA1 (BOLA1-GFP) under an inducible

promoter were generated using the Gateway system (In-
vitrogen). GLRX5 (NG_021217) was cloned from a human
heart cDNA bank (Clontech) with in frame 5¢ and 3¢ Gateway
AttB-sites. The primers used contained partial AttB-sites
(underlined) and gene specific nucleotides (forward: 5¢-AA
AAA GCA GGC TTC GCC ACC ATG AGC GGG TCC CTC
GGC CGA GC-3¢; reverse: 5¢-A GAA AGC TGG GTG CTT
GGA GTC TTG GTC TTT C-3¢. AttB-sites were completed
using AttB-adapter primers (forward: 5¢-G GGG ACA AGT
TTG TAC AAA AAA GCA GGC T-3¢; reverse: 5¢-GGG GAC
CAC TTT GTA CAA GAA AGC TGG GT-3¢). The PCR
product was recombined with pDONR201 to yield the GLRX5
entry vector. The BOLA1 entry vector (BC_063405; Clone
5190565) was purchased from Open Biosystems. Entry vectors
were recombined with the AcGFP1-Destination vector and
used for stable expression of C-terminally-tagged protein in T-
REx� Flp-In� HEK293 cells (3). Similarly, entry vectors were
recombined with a TAP-Destination vector to produce in-
ducible TAP expression vectors (16). All constructs were
verified by sequence analysis. Expression was induced by
addition of doxycycline (1 lg/mg, 24h).
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