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Overview

Objective: Comprehensive high-throughput
characterization of protein modification states,
coordination and dynamics of posttranslational
modifications (PTMs)

Methodology

* Intact protein RPLC-FTICR
— High resolution RPLC
—12T FTICR with a novel ICR cell for high

resolution and MMA

« Off-line digestion for tentative ID of proteins and
PTMs

* Conformation of identifications and localization
of PTMs by targeted off-line intact protein
MS/MS

Applications
« Identification and quantitation of protein isoforms
* Profiling proteomes at the intact protein level
« Protein degradation pathways

Introduction

Bottom-up proteomics methods' based on the analysis of
digested proteins have frequently been used to search for
PTMs, but incomplete sequence coverage and lost information
on the coordination of modifications are significant obstacles.
Top-down? proteomics (subjecting intact protein ions to gas-
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Methods

Instrumental design for concurrent LC-MS
and fractionation
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Intact protein MS analyses were performed on a
modified Bruker 12T APEX-Q FTICR mass
spectrometer that incorporates an ion funnel interface,
and various ion transfer, selection and storage
multipoles.

Intact protein RPLC was performed at 10,000 psi on a
80 cm x 200 pm column packed in-house with
Phenomenex Jupiter particles (C5 stationary phase; 5
um particle diameter; 300 A pore size). Mobile phase A
was 0.05% trifluoroacetic acid, 0.2% acetic acid, 25%
acetonitrile, 5% isopropanol, and 69.75% water while
mobile phase B was 0.05% trifluoroacetic acid, 9.95%
water, 45% acetonitrile, and 45% isopropanol.

Fractions collected using Triversa Nanomate (Advion
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Results

Proof of principle demonstration
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Characterization of protein modification states

Table 1. Summary of results for standard protein
mixture analysis using the integrated approach
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Figure 1. Top-down and bottom-up analyses of a standard protein mixture. A) 2D display reconstructed from
the LC-FTICR data. B) Protein elution patterns generated using tryptic peptides identified in each fraction.
Tentative identifications of proteins and modified proteins were accomplished by matching bottom-up data with

the measured intact protein masses (Table 1).

Structural characterization of §-casein
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Probing interaction partners and substrates of yeast proteasome
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Table 2. Summary of results for yeast proteasome analysis
using the integrated approach

D UnProt# Function Notes Moy My (oom)

268 proteasome regulatory 1 acetylation, 1 phsophorytation,
‘Subunit RPN13. loss of N-term 3 residues
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1 YLRa2iC 1767462 1767458 197
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Figure 3. Top-down and bottom-up analyses of yeast proteasome. A) Protein elution patterns generated using tryptic
peptides identified in each fraction. B) 2D display reconstructed from the LC-FTICR data. Insets show representative
neutral mass spectra. Tentative identifications of proteins and modified proteins were accomplished by matching bottom-

up data with the measured intact protein masses (Table 2).

Intact vaccinia viral proteome profiling

Conclusions

Characterization of PTMs (e.g., acetylation,
phosphorylation) and genetic variants (e.g., SNP isoforms)
using the integrated top-down and bottom-up approach
was demonstrated with a mixture of standard proteins.
Importantly, we validated the unique ability of this
approach to identify (and potentially quantify) distinctive
protein isoforms (e.g., distinguish between one isoform
with two SNPs and two isoforms each with a single SNP in
the case of B-casein).

~100 putative proteins (M,>10 kDa) were detected in the
intact protein RPLC-FTICR analysis of the yeast
proteasome. The integrated approach revealed numerous
PTMs, including phosphorylation, methylation, acetylation,
and predicted/known signal peptide loss.

Intact protein RPLC/FTICR-MS analysis allowed detection
of ~600 putative proteins (M,>5 kDa) in the vaccinia virus
lysate. The vaccinia virus “39 kDa protein” was found to be
farnesylated at differing degrees (none, one, and two
farnesylations). This observation suggests a previously
unrecognized mechanism of membrane association for the
vaccinia virus, which could potentially become a new drug
target. The identification of protein PTMs and proteolytic
fragments could provide clues to the mechanisms of
infection and potential targets for therapeutics.
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The approach employs high resolution reversed phase LC
separations coupled on-line with a 12T Fourier transform ion
cyclotron resonance spectrometer to tentatively identify
modified proteins, using detected intact protein masses in
conjunction with bare protein identifications from the bottom-
up data of the same fraction. These identifications are
incorporated into a target ion list for subsequent offline gas
phase fragmentation (CID and ECD) that uses only an aliquot
of the original fraction used for bottom-up analysis.

¢, B-casein, B-lactoglobulin A, B-lactoglobulin B,
carbonic anhydrase, myoglobin, and camodulin.

Proteasome: A catalytic mutant of yeast proteasome
was expressed and purified; trypsin-like and
caspase activities were knocked out and only
chymotrypsin like activities remained.

Vaccinia: Purified virus (in 1mM Tris Cl, pH 8) was
mixed with 8M Urea and 5mM DTT, heated at 55°C
for 30 min, and desalted by passing through PD-10
column.

Figure 2. Integrated approach identifies multiple
SNPs for bovine B-casein. We identified three
phosphorylated isoforms of B -casein that differed in
mass by 40 Da and 109 Da, and were assigned as
SNP mutants with a Pro to His switch and an
additional Ser to Arg replacement, respectively.
However, the bottom-up approach, even with 100%
sequence coverage, cannot validate the presence of
three distinctive isoforms (i.e., distinguish between
one isoform with two SNPs and two isoforms each
with a single SNP).
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Figure 4. The use of a combined bottom-up and top-down
analysis of intact proteins isolated from vaccinia virus
(intracellular mature virion, IMV).

A) 2D display reconstructed from the FTICR data acquired
during the RPLC separation of intact vaccinia proteins.
Proteins identified using conventional bottom-up pipeline
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and accurate intact protein masses were used to search for PTMs and cellular processing fragments.

B) These tentative protein identifications can be confirmed using offline MS/MS. C) The vaccinia virus “39 kDa protein”
was found to be farnesylated at differing degrees (none, one, and two farnesylations). This observation suggests a
previously unrecognized mechanism of membrane association for the vaccinia virus, which could potentially become a

new drug target.
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