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Introduction

Ubiquitin is a low molecular weight heat shock protein
that plays a vital role in physiological and pathological
protein turnover. Recently, oxidative stress has been
proposed as a pathological mechanism in Alzheimer’s
disease’. During oxidative stress in Alzheimer’s disease,
peroxidation products of ubiquitin are seen? In vivo, the
free radical super oxide reacts with nitric oxide to form
peroxynitrite, a powerful oxidant. Peroxynitrite in turn
reacts with ubiquitin to form the peroxidation products --
namely nitrated, oxidized and peroxidized ubiquitins®.
These products vary depending upon the physiological
pH at which the peroxidation occurs. Lack of tyrosine
nitration was reported at physiological pH*. A direct link
between ubiquitin oxidation and pathogenesis of sporadic
Alzheimer's disease has been shown®.

In the present study, peroxynitrite treated ubiquitin
products were characterized on the 500-MS in two steps.
Initially, intact proteins present in the peroxynitrite treated
ubiquitin mixture were analyzed in full-scan mode. The
multiply charged spectra obtained by the full scan MS
analysis were deconvoluted to their main masses for their
molecular weight confirmation. Varian's Mass ID™
software was used for the deconvolution.

In the next step, a tryptic digest of the above mixture was
analyzed on the 500-MS using TurboDDS™. Protein
identification was done by exporting the MS/MS spectra
to the MASCOT server for a search against public
databases.

Instrumentation
e Varian 500-MS LC lon Trap equipped with an
ESI source

e Varian 212-LC Binary Solvent Delivery Modules
e HTS PAL autosampler

Materials and Reagents

Ubiquitin from bovine erythrocytes (Sigma catalog no.
U2153) with accessions IAAR A or IAAR B was obtained
from Sigma-Aldrich, St.Louis, MO. In solution trypsin
digestion kit was obtained from Pierce Biochemicals.
HPLC grade water, acetonitrile, formic acid, TFA and tris
buffer were purchased from Fisher Chemicals and
Peroxynitrite (170-220 mM) was purchased from VWR
Scientific.

Sample Preparation

Peroxynitrite treatment of ubiquitin: 5 pg/pl of ubiquitin in
50 mM tris buffer was used for peroxynitrite treatment. To
0.5 ml of 5 pg/pl solution of ubiquitin, 8 pl of 170-200 mM
of peroxynitrite solution was added in aliquots of 2 pl
each. This solution was vortexed at high speed and
incubated at room temperature (27 °C) for 15 minutes.

Trypsin digestion of peroxynitrite treated ubiquitin was
done using the digestion protocol given by the
manufacturer. Protein aliquots of 10.5 pl were used for
the digestion. Digestion was stopped by adding 3 ul of
100% TFA and further chilling the aliquots at 4 °C.
Conditions

LC/MS Conditions for the Analysis of Intact Proteins
(Both native- and peroxynitrite-treated ubiquitins)

Column Pursuit” C18 5 pm, 100 x 1.0 mm ID
RP column
(Varian Part No. A3000100X010)

Buffer A 1% formic acid in water
Buffer B 1% formic acid in acetonitrile (CH3CN)
Injection Solvent Buffer A
Injection Volume 10 pl
LC Program Analysis of Intact Proteins

Time %A  %B Flow
(min:sec) (ul/min)

0:00 80.0 20.0 60.0
7:00 0.0 100.0 60.0
7:01 80.0 20.0 60.0
15:00 80.0 20.0 60.0

Full Scan MS Conditions
Scan Range  m/z=350 to m/z=2000
RF Loading %  100%
Scan Mode Enhanced (5000 amu/sec)
Scans averaged 10 uscans
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Common API Conditions
(Full-scan and data-dependent modes)

lonization Mode  ESI Positive
API Drying Gas 30 psi at 250 °C
API Nebulizing Gas 45 psi
Needle 5000V
Capillary 80V
Shield 600V
Detector 1400V

LC/MS Conditions for the Analysis of Ubiquitin
Tryptic Digest

Column Pursuit” XRs C18 5 um, 150 x 2 mm ID
RP column
(Varian Part No. A6000150X010)

Buffer A 1% formic acid in water
Buffer B 1% formic acid in acetonitrile (CH;CN)
Injection Solvent Buffer A
Injection Volume 10 pl
LC Program Analysis of Tryptic Digests

Time %A  %B Flow
(min:sec) (ul/min)
00:00 95.0 5.0 200.0
50:00 0.0 100.0 200.0
51:00 95.0 5.0 200.0
60:00 95.0 5.0 200.0

TurboDDS™ Conditions

Survey Scan Range: m/z=200 to m/z=2000

RF loading: 100%

MS" depth n: 2
Mass range: Auto
Isolation window: 3.0 m/z

Breadth n: 5

pscans: 3

Mass range: m/z=50
—-m/z=2000

Threshold: 500 counts

Threshold: 500 counts
Isotoptic range: 3 m/z
Minimum isotopic ratio: 30%
Filter width: 7 points

TurboDDS MS"

MS2 Parameters

TurboDDS Trigger

TurboDDS Include/Exclude Dynamic exclusion: yes
Exclude after: 2 scans

Restore after: never restore
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Data Processing

Intact protein molecular weights were determined by
deconvolution (Varian’s Mass ID™ software). The protein
digest data was searched using MASCOT against the
MSDB database.

Results & Discussion

Initially, peroxynitrite treated ubiquitin was analyzed by
full-scan LC/MS on the 500-MS (Figure 1). Charge states
from +5 to +14 were observed in a mass range of 500-
2000 m/z. The averaged full scan MS spectrum was
deconvoluted using the Mass ID software. The original full
scan MS spectrum and deconvoluted spectra are shown
in Figures 2 and 3, respectively. As seen from the
deconvoluted spectra, two other major proteins were
found in addition to the unmodified ubiquitin. These
proteins have a mass difference of +15.5 and + 44.8 from
the unmodified ubiquitin corresponding to its oxidized and
nitrated forms, respectively. Excellent deconvolution was
obtained for the native and modified ubiquitins. Extremely
low mass errors (< 0.02%) indicate the accuracy of
deconvolution. These modified proteins co-eluted along
with the native protein under the applied LC/MS
conditions.
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Figure 1 Full scan MS TIC chromatogram of peroxynitrite treated
ubiquitin mixture (8 pmoles/ul, 10 ul injection) on the 500-MS.
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Figure 2 Original spectra of the peroxynitrite treated ubiquitin obtained
by LC/MS on the 500-MS. Figure 4 Protein view of MASCOT search results for ubiquitin tryptic
digests against MSDB database.
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Figure 3 Deconvoluted spectra of the peroxynitrite treated ubiquitin. 300 Bo0 700

Monoisotopic mass of neutral peptide Mr(calc): 1080.55
lons Score: 16 Expect: 33

In order to further identify the protein a tryptic digest of Matches (Bold Red): 14/38 fragment ions using 46 most intense peaks

this mixture was analyzed by employing the TurboDDS™
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Figure 5 Peptide view for TLSDNIQK on MASCOT server.

S1-0933 3of4 www.varianinc.com



The peptide view of the MASCOT search for the
peptide TLSDNIQK is given in Figure 5. In the peptide
view, fragments that might result due to MS/MS
breakdown are predicted. The fragments that matched
the exported MS/MS spectra are highlighted in red.

Conclusion

Molecular weight confirmation of peroxynitrite-induced
modification of ubiquitin products was very effectively
done with the help of full-scan MS coupled with
Varian's Mass ID™ deconvolution software.

TurboDDS provided complex MS/MS spectra of the
protein without significant user interaction.

Excellent peptide sequence coverage (92%) at low
concentrations (8.4 pmoles/ul) was obtained on the
MASCOT server by exporting the MS/MS spectra
generated on the Varian 500-MS using the powerful
TurboDDS option.

References

1. Stadtman ER. Ann NY Acad Sci 2001; 928:22-38.

2. Shang F, Taylor A. J Biol Chem 1997; 272: 23,086-
23.

3. Radi R, Beckman JS, Bush KM, Freeman BA. Arch
Biochem Biophys. 1991; 288: 481-487.

4. Pfeiffer S, Mayer B. J Biol Chem. 1998; 273:27, 280-
285.

5. Choi J, Levey A, Weintraub ST, Rees HD, Gearing
M. J Biol Chem 2004; 279: 13, 256-264.

TurboDDS, Mass ID, Pursuit, Varian and the Varian Logo are
trademarks of Varian, Inc. Pursuit® is registered at the U.S.
Trademark Office.

© 2007 Varian, Inc.

These data represent typical results.

For further information, contact your local Varian Sales Office.

Varian, Inc.
www.varianinc.com

North America: 800.926.3000 — 925.939.2400
Europe The Netherlands: 31.118.67.1000
Asia Pacific Australia: 613.9560.7133

Latin America Brazil: 55.11.3845.0444

S1-0933

40f4


ne
Rectangle


