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Preface

Little more than three years down the line and I am already writing the
Preface to a second volume to follow Protein and Peptide Analysis by Mass
Spectrometry. What has happened in between these times to make this second
venture worthwhile?

New types of mass spectrometric instrumentation have appeared so that
new techniques have become possible and existing techniques have become
much more feasible. More particularly, however, the newer ionization tech-
niques, introduced for the analysis of high molecular weight materials, have
now been thoroughly used and studied. As a result, there has been an enor-
mous improvement in the associated sample handling technology so that
these methods are now routinely applied to much smaller sample amounts as
well as to more intractable samples. Again, this particular community of mass
spectrometry users has both increased in number and diversified. And, riding
this wave of acceptance, leaders in the field have set their sights on more
complex problems: molecular interaction, ion structures, quantitation, and
kinetics are just a few of the newer areas reported in Mass Spectrometry of
Proteins and Peptides.

As with the first volume, one purpose of this collection, Mass Spectrom-
etry of Proteins and Peptides, is to show the reader what can be done by the
application of mass spectrometry, and perhaps even to encourage the reader to
venture down new paths. More important, another purpose is to demonstrate
how these analyses are carried out in practice by guiding the reader, in a step-
by-step manner, through the pitfalls and nuances of apparently straightfor-
ward techniques. It is the earnest hope of the editor that the reader, as a user
of these techniques, will profit from the concise details that each of the authors
has striven to provide. To parody Dr. Johnson: “what is written with effort is,
in general, read with pleasure.”

It has been suggested that “Writers, like teeth, are divided into incisors
and grinders.”* So, to spirit you from the Preface to the pleasures of the book,
away with the preface grinder and on with the incisors and their chapters.

John R. Chapman

*Walter Bagehot, Estimates of Some Englishmen and Scotchmen.
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1

De Novo Peptide Sequencing

by Nanoelectrospray Tandem Mass
Spectrometry Using Triple Quadrupole

and Quadrupole/Time-of-Flight Instruments

Andrej Shevchenko, Igor Chernushevich,
Matthias Wilm, and Matthias Mann

1. Introduction

Recent developments in technology and instrumentation have made mass
spectrometry the method of choice for the identification of gel-separated pro-
teins using rapidly growing sequence databases (). Proteins with a full-length
sequence present in a database can be identified with high certainty and high
throughput using the accurate masses obtained by matrix-assisted laser desorp-
tion/ionization (MALDI) mass spectrometry peptide mapping (2). Simple pro-
tein mixtures can also be deciphered by MALDI peptide mapping (3) and the
entire identification process, starting from in-gel digestion (4) and finishing
with acquisition of mass spectra and database search, can be automated (5).
Only 1-3% of a total digest are consumed for MALDI analysis even if the
protein of interest is present on a gel in a subpicomole amount. If no conclusive
identification is achieved by MALDI peptide mapping, the remaining protein
digest can be analyzed by nanoelectrospray tandem mass spectrometry (Nano
ESI-MS/MS) (6). Nano ESI-MS/MS produces data that allow highly specific
database searches so that proteins that are only partially present in a database,
or relevant clones in an EST database, can be identified (7). It is important to
point out that there is no need to determine the complete sequence of peptides
in order to search a database—a short sequence stretch consisting of three to
four amino acid residues provides enough search specificity when combined
with the mass of the intact peptide and the masses of corresponding fragment

From: Methods in Molecular Biology, vol. 146:
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2 Shevchenko et al.

ions in a peptide sequence tag (8) (see Subheading 3.4.). Furthermore, pro-
teins not present in a database that are, however, strongly homologous to a
known protein can be identified by an error-tolerant search (9).

Despite the success of ongoing genomic sequencing projects, the demand
for de novo peptide sequencing has not been eliminated. Long and accurate
peptide sequences are required for protein identification by homology search
and for the cloning of new genes. Degenerate oligonucleotide probes are
designed on the basis of peptide sequences obtained in this way, and subse-
quently used in polymerase chain reaction-based cloning strategies.

The presence of a continuous series of mass spectrometric fragment ions
containing the C terminus (y” ions) (10) has been successfully used to deter-
mine de novo sequences using fragment ion spectra of peptides from a tryptic
digest (11). The peptide sequence can be deduced by considering precise mass
differences between adjacent y” ions. However, it is necessary to obtain addi-
tional evidence that the particular fragment ion does indeed belong to the y”
series. To this end, a separate portion of the unseparated digest is esterified
using 2 M HCl in anhydrous methanol (Fig. 1A) (see Subheading 3.2.). Upon
esterification, a methyl group is attached to the C-terminal carboxyl group of
each peptide, as well as to the carboxyl group in the side chain of aspartic and
glutamic acid residues. Therefore the m/z value of each peptide ion is shifted
by 14(n + 1)/z, where n is the number of aspartic and glutamic acid residues in
the peptide, and z is the charge of the peptide ion. The derivatized digest is then
also analyzed by Nano ESI-MS/MS, and, for each peptide, fragment ion spec-
tra acquired from underivatized and derivatized forms are matched. An accu-
rate peptide sequence is determined by software-assisted comparison of these
two fragment spectra by considering precise mass differences between the
adjacent y” ions as well as characteristic mass shifts induced by esterification
(see Subheading 3.4.1.) (Fig. 2). Since esterification with methanol signifi-
cantly shifts the masses of y” ions (by 14, 28, 42, ... mass units), it is possible
to use low-resolution settings when sequencing is performed on a triple qua-
drupole mass spectrometer, thus attaining high sensitivity on the instrument.
This sequencing approach employing esterification is laborious and time con-
suming and requires much expertise in the interpretation of tandem mass spec-

Fig. 1. Chemical derivatization for mass spectrometric de novo sequencing of pep-
tides recovered from digests of gel separated proteins. (A) A protein is digested in-gel
(see Subheading 3.1.) with trypsin and a portion of the unseparated digest is esterified
by 2 M HCI in anhydrous methanol (see Subheading 3.2.). (B) A protein is digested
in-gel with trypsin in a buffer containing 50% (v/v) H,'%0 and 50% (v/v) H,!°O (see
Subheading 3.1.). (C) A protein is digested in-gel with trypsin, and the digest is
esterified and subsequently treated with trypsin in the buffer containing 50% (v/v)
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Fig. 2. Peptide de novo sequencing by comparison of tandem mass spectra acquired
from intact and esterified peptide. A 120-kDa protein from E. aediculatis was purified
by one-dimensional gel electrophoresis (24) and digested in-gel with trypsin; a part of
the digest was analyzed by Nano ESI-MS/MS on an API III triple quadrupole mass
spectrometer (PE Sciex, Ontario, Canada). A separate part of the digest was esterified
and then also analyzed by Nano ESI-MS/MS. (A) Tandem (fragment-ion) mass spec-
trum recorded from the doubly charged ion with m/z 666.0 observed in the conven-
tional (Q1) spectrum of the original digest. (B) Matching tandem spectrum acquired
from the ion with m/z 673.0 (A mass = [673—666] X 2 = 14) in the conventional (Q1)
spectrum of the esterified digest. The peptide sequence was determined by software-
assisted comparison of spectra A and B. The only methyl group was attached to the
C-terminal carboxyl of the peptide (designated by a filled circle) and therefore the
masses of the singly charged y” ions in spectrum B are shifted by 14 mass units com-
pared with the corresponding y” ions in spectrum A.

tra. However, it allows the determination of accurate peptide sequences even
from protein spots that can only be visualized by staining with silver (12,13).

An alternative approach to de novo sequencing became feasible after a novel
type of mass spectrometer—a hybrid quadrupole/time-of-flight instrument (Q/TOF
[14] or QqTOF [15]) was introduced. QqTOF instruments allow the acquisi-
tion of tandem mass spectra with very high mass resolution (>8000 full-width
at half-maximum height [FWHM]) without compromising sensitivity. These
instruments also benefit from the use of a nonscanning TOF analyzer that
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records all ions simultaneously in both conventional and MS/MS modes and
therefore increases sensitivity. These features make it possible and practical to
apply selective isotopic labeling of the peptide C-terminal carboxyl group in
order to distinguish y” ions from other fragment ions in tandem mass spectra
(see Subheading 3.4.2.). Proteins are digested with trypsin in a buffer contain-
ing 50% H,'°0 and 50% H,'®0 (v/v) (see Subheading 3.1.) so that half of the
resulting tryptic peptide molecules incorporate 80 atoms in their C-terminal
carboxyl group, whereas the other half incorporate '°0 atoms (Fig. 1B). During
subsequent sequencing by MS/MS, the entire isotopic cluster of each peptide
ion, in turn, is selected by the quadrupole mass filter (Q) and fragmented in the
collision cell (9). Since only the fragments containing the C-terminal carboxyl
group of the peptide appear to be partially (50%) isotopically labeled, y” ions
are distinguished by a characteristic isotopic pattern, viz. doublet peaks split
by 2 mass units (see Subheading 3.4.2.) (Fig. 3); other fragment ions have a
normal isotopic distribution. Thus, only a single analysis is required, peptide
sequence readout is much faster and the approach lends itself to automation (15).

2. Materials
For general instructions, see Note 1.

2.1. In-Gel Digestion
For contamination precautions, see Note 2.

1. 100 mM ammonium bicarbonate in water (high-performance liquid chromatog-
raphy {HPLC] grade [LabScan, Dublin, Ireland]).

2. Acetonitrile (HPLC grade [LabScan]).

3. 10 mM dithiothreitol in 100 mM ammonium bicarbonate.

4. 55 mM iodoacetamide in 100 mM ammonium bicarbonate.

5. 100 mM CaCl, in water.

6. 15 L aliquots of trypsin, unmodified, sequencing grade (Boerhringer Mannheim,
Germany) in 1 mM HCI (see Note 3).

7. 5% (v/v) formic acid in water.

8. Heating blocks at 56°C and at 37°C.

9. Ice bucket.

0. Laminar flow hood (optional) (see Note 2).

2.2. Esterification with Methanol

1. Methanol (HPLC grade), distilled shortly before the derivatization process.
2. Acetyl chloride (reagent grade), distilled shortly before the derivatization (see Note 4).

2.3. Isotopic Labeling Using H,'80

1. Reagents as in Subheading 2.1.
2. H,'%0 (Cambridge Isotopic Laboratories, Cambridge, MA), distilled (see Note 5).
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Fig. 3. Sequencing of '®0 C-terminally labeled tryptic peptides by Nano ESI-MS/MS.
A 35-kDa protein from Drosophila was purified by gel electrophoresis, digested
in-gel in a buffer containing 50% (v/v) H,'80, and analyzed using a QqTOF mass



