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Tech Tip
Peptide Sequencing with Electrospray LC/
MS Part 1: Ion Types and Nomenclature

One of the most signifi cant and important applications for mass 
spectrometry is the sequencing of polypeptides by electrospray LC/
MS. An error in the sequence or the substitution of one amino acid 
with another can completely alter the biological function of a peptide 
molecule. Determination of sequences is therefore a vital part of 
biomedical research, proteomics, and the manufacture of peptide-based 
drug substances.
Click here to read more...
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The sequence of a polypeptide is determined by 
subjecting the ionized peptide to fragmentation 
by collisionally activated dissociation (CAD) in 
an MS/MS instrument. Peptides are introduced 
through an electrospray interface and are 
protonated to form positive ions of the type 
[M+nH]+n where n ≥ 1. These ions are selected as 
MS/MS precursors. A wide variety of product ions 
may be formed because of bond cleavages along 
the polypeptide backbone or partial to complete 
cleavage of amino acid side-chains. Those 
bond cleavages which occur along the peptide 

backbone are the most important for sequence 
determination, particularly the b and y ions which 
result from cleavage of peptide bonds. The neutral 
losses resulting from formation of b and y ions 
represent amino acid residue masses and this 
simplifies interpretation of the MS/MS spectra. 
	 Figure 1 shows the nomenclature which has 
been adopted for naming the ions formed from 
peptide backbone cleavages. The vertical lines 
show the bond cleavage and the arrows point 
to the product ion, the remaining portion of the 
precursor being the neutral loss. The product ions 
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Figure 1: Nomenclature for naming the ions formed from peptide backbone cleavages.
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are referred to by the letters a, b, c and x, y, z. The a, b, c series of ions refer to 
the charge remaining with the N-terminal portion of the peptide ion while 
the portion containing the C-terminus is the neutral loss. Peptide sequences 
are, by convention, listed from the N- to the C-terminus, therefore the 
choice of the a, b, c nomenclature is pneumonic as these are the first three 
letters of the alphabet. Similarly, the x, y, z ions are those product ions in 
which the charge is retained on the C-terminal portion of the ion. 
	 A subscript is added to the product ion letter designation to indicate the 
number of amino acid residues present in that product ion. For example, 
the a3 ion in the figure retains three amino acid residues from the intact 
precursor ion. The y1 ion retains only a single residue.
	 Note also in Figure 1 that a single bond cleavage may result in the 
formation of two different ions. For example, in the figure, if we look to the 
cleavage of the peptide bond between residues 2 and 3 we see that this 
cleavage may result in a b2 ion or a y2 ion depending on which portion of 
the precursor ion retains the charge. The mechanism for this type of ion 
formation is shown in Figure 2. 
Figure 2 illustrates the concept of a ‘mobile proton’ meaning that for a single 
charge peptide ion the proton might reside on any of the amide nitrogens 
or on the N-terminal amine. The probability of a proton adducting to a given 
nitrogen in the peptide is largely dependent on the amino acids present in 
the sequence and this, in turn, leads to CAD fragmentation patterns being 
sequence-dependent — more about this in a future installment of MS 
Solutions.

  

Figure 2: The concept of a ‘mobile proton’.

Figure 2

	 Figure 3 shows a mechanism for formation of both b and y ions from the 
same bond cleavage. Under CAD conditions, electrons move in response 
to the charge resulting in cleavage of the peptide bond proximal to the 
charge, i.e., between residues 3 and 4. The intermediate species in this 

  

Figure 3: Mechanism for formation of both b and y ions.

Figure 3
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reaction is a heterodimer as illustrated in the 
fi gure. There is some probability of the proton 
adducting to either the residue 3 or residue 4 
amide nitrogen. Thus two fragment ions are 
probable, i.e., both a y2 and a b3 ion. The structure 
of these two ions is shown along with their 
corresponding neutral losses.
 The proton mobilization theory also explains 
how CAD fragmentation of a single-charge 
peptide ion can result in formation of a complete 
or nearly complete series of ions of a particular 

type. Figure 4 illustrates a penta-peptide single-
charge precursor ion and the complete series of 
b and y product ions that may appear in an MS/
MS spectrum. In Part 2 of this article we will show 
the spectrum resulting from this experiment 
and discuss in detail an interpretation strategy 
leading to a complete sequence determination. 

  

Figure 4: Penta-peptide single-charge precursor ion and the complete series of b and y product ions that may appear in an MS/MS spectrum.
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 Comprehensive analysis of crude oil by two-dimensional GC (GCxGC) and time-of-fl ight (TOF) MS
Company: ALMSCO
Crude oil is the generic term for the unrefi ned fl ammable liquid that is mined from the ground. It contains vast amounts of organic 
compounds ranging from light hydrocarbons to complexbiomolecules, derived from the remains of ancient marine organisms and 
bacteria. Within the complexity of crude oil, the compounds of most interest to the petroleum industry are relatively volatile (boiling 
points generally below 400°C) and non-polar, therefore separations are predominantly performed by GC with a non-polar column. 
The resulting chromatograms are highly convoluted and usually characterised by a matrix of unresolved material that appears as a 

signifi cant background “hump” beneath the partially resolved non-polar compound peaks.

Food Safety Analysis: LC/MS/MS Applications Using Core-Shell Technology HPLC Columns
Company: Phenomenex
The safety of our food supply has come under increasingly intense scrutiny with recent episodes of food products found tainted 
with melamine, antifreeze, salmonella, and potentially harmful antibiotics, to name a few of the higher profi le examples. A newly 
developed, commercialized Kinetex 2.6 µm core-shell chromatographic particle off ers the performance benefi ts of fully-porous 
sub-2 µm particles (increased chromatographic effi  ciency and resolution, shorter analysis times, and increased sensitivity) but at 
substantially lower operating pressures. The benefi ts provided by the core-shell technology are illustrated in three food safety LC/

MS applications (antibiotics in meat, afl atoxins in peanut butter, and melamine and cyanuric acid in baby formula) on the three Kinetex phases 
currently available.

Non-targeted Screening and Accurate Mass Confi rmation of 510 Pesticides Uaing High Resolution Benchtop LC/MS
Company: Thermo Fisher Scientifi c
As agricultural trade grows and food safety concerns mount, stricter pesticide regulations are being enforced around the world. 
Increased pesticide testing and reductions in maximum permissible residue levels have driven demand for fast, sensitive and cost-
eff ective analytical methods for high-throughput screening of multi-class pesticides in food. Detection of 510 pesticides at low ppb 
levels was achieved within 12 minutes using the Thermo Scientifi c Exactive benchtop LC/MS system powered by Orbitrap technology. 
The high resolving power of the Thermo Scientifi c Orbitrap platform enables accurate mass confi rmation of all compounds, including 

isobaric pesticides. Accurate, robust, easy to use and costeffi  cient, the Exactive LC/MS is ideally suited for routine, comprehensive screening of 
targeted and non-targeted pesticides at or below the 0.01 mg/kg (10 ppb) default limit set by EU and Japanese legislation.

Featured Applications

TN-1080

APPLICATIONS

For additional technical notes, visit www.phenomenex.com Page 1 of 4

Food Safety Analysis: LC/MS/MS Applications Using New Kinetex® Core-Shell 
Technology HPLC Columns
Philip J. Koerner, Terrell Mathews, and Jeff Layne
Phenomenex, Inc., 411 Madrid Ave., Torrance, CA 90501 USA

Introduction
The safety of our food supply has come under increasingly intense 
scrutiny with recent episodes of food products found tainted 
with melamine, antifreeze, salmonella, and potentially harmful 
antibiotics, to name a few of the higher profile examples.

The chemistry and structure of these potential food contaminants 
and the potential for the presence of multiple contaminants 
presents a significant separation challenge. A single bonded 
phase, such as C18, is unlikely to offer the selectivity required to 
chromatographically resolve these potentially complex mixtures. 
Therefore, the availability of orthogonal bonded phases that 
provide alternative selectivity through additional modes of 
interaction is important for the separation of this broad spectrum 
of analytes. Increased testing mandated by government 
regulations for an ever expanding list of contaminants in food and 
beverages has driven the need for increased sample throughput. 
Additionally, the very complex sample matrices present unique 
sample preparation challenges. 

Over the last several years, smaller fully-porous LC particles 
(sub-2 μm diameter) have been introduced and sparked much 
interest because they provide higher efficiency and resolution, 
which results in significantly shorter analysis times and 
increased sensitivity. However, the widespread adoption of sub-
2 μm HPLC column technology has been slow because these 
smaller particle size columns generate system backpressures 
that require the use of specialized ultra-high pressure capable 
LC instrumentation. 

A newly developed, commercialized Kinetex 2.6 μm core-shell 
chromatographic particle offers the performance benefits of 
fully-porous sub-2 μm particles (increased chromatographic 
efficiency and resolution, shorter analysis times, and increased 
sensitivity) but at substantially lower operating pressures. The 
benefits provided by the core-shell technology are illustrated 
in three food safety LC/MS applications (antibiotics in meat, 
aflatoxins in peanut butter, and melamine and cyanuric acid in 
baby formula) on the three Kinetex phases currently available.

Kinetex Core-Shell Technology
The Kinetex technology comprises a nearly monodisperse 1.9 μm 
solid silica core and a 0.35 μm porous silica shell (Figure 1). This 
particle design results in a very stable and nearly homogeneous 
packed column bed that significantly reduces peak dispersion 
due to eddy diffusion (the “A” term of the van Deemter equation). 
Additionally, the short diffusion path of the 0.35 μm porous silica 
shell allows for faster kinetics of diffusion, thereby minimizing 

The availability of alternative bonded phases based on the ultra-high 
efficiency Kinetex core-shell technology provides orthogonal selec-
tivity that is shown to be useful for the separation challenges pre-
sented in food safety analysis. 

min

peak dispersion due to resistance to mass transfer (the “C” term 
in the van Deemter equation). Figure 2A shows a FE-SEM of  
2.6 μm Kinetex particles under 2,500x magnification highlighting 
the monodisperse nature of the porous shell particle, and Figure 
2B shows a FE-SEM of a single 2.6 μm particle under 100,000x 
magnification highlighting the 100 Å porous surface of the shell.

The core-shell technology columns provide an increase in 
chromatographic efficiency which allows faster analysis through 
the use of shorter columns without compromising resolution. 
This will significantly improve sample throughput for food safety 
laboratories where government regulations mandate increased 
sample testing. In addition, the sharper chromatographic peaks 
obtained with core-shell columns result in increased sensitivity, 
making it easier to achieve the required lower limits of detection. 
Kinetex core-shell columns are currently available in three 
different (orthogonal) bonded phases and each is highlighted 
here to illustrate the benefits of the core-shell technology for 
specific food safety applications. Antibiotics in meat were 
analyzed using Kinetex C18, aflatoxins in peanut butter were 
analyzed using Kinetex PFP, and melamine and cynauric acid in 
baby formula were analyzed using Kinetex HILIC.

 

Figure 1.  
Kinetex 2.6 µm Core-Shell Technology

Figure 2.  
Kinetex 2.6 µm Core-Shell Technology
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A. FE-SEM of 2.6 µm Kinetex particle 2500x 
magnification showing the monodisperse 
nature of the porous shell particle.

B. FE-SEM of a single 2.6 µm particle 
100,000x magnification showing the 100Å 
porous surface of the shell.
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Introduction

Crude oil is the generic term for the

unrened ammable liquid that is mined

from the ground. It contains vast

amounts of organic compounds ranging

from light hydrocarbons to complex

biomolecules, derived from the remains

of ancient marine organisms and

bacteria. 

One-dimensional gas
chromatography

Within the complexity of crude oil, the

compounds of most interest to the

petroleum industry are relatively volatile

(boiling points generally below 400°C)

and non-polar, therefore separations are

predominantly performed by GC with a

non-polar column. The resulting

chromatograms are highly convoluted

and usually characterised by a matrix of

unresolved material that appears as a

signicant background “hump” beneath

the partially resolved non-polar

compound peaks (Figure 1). 

A background subtraction/library search

method is able to identify the non-polar

compound peaks, but for those lost in

the matrix, there is little hope for a

positive identication. Incomplete

characterisation limits the understanding

of the oil sample’s geochemistry and

provides no insight into issues that might

arise during extraction, transport, or

rening. In addition, as the more easily

extracted “light” crude oils become

depleted, oil companies are moving to

reservoirs containing “heavier” crudes,

bituminous shales and tar sands. These

contain higher proportions of involatile,

polar compounds, exacerbating the

problem of incomplete analysis1 and

such constituents are thought to

contribute to the process of

“solidication” of oil in transmission

pipes. Others might have relevance to

the environmental impact of oil, a factor

that will gain further attention with the

introduction of programs such as

European REACH (Registration Evaluation

Authorisation and Restriction of

Chemicals), which focuses on the

identication of chemicals in order to

assess their toxicological impact.

Comprehensive (2D) gas
chromatography  

“Comprehensive” two-dimensional

chromatography (GCxGC) is a technique

which has benetted the petrochemical

industry signicantly due to its ability to

separate very complex mixtures2,3. This

technique requires a conventional non-

polar column to be connected to a short

length of a polar column with a GCxGC

modulator. The modulator collects time

slices of efuent from the rst column

(typically 5 seconds wide) and re-injects

them onto the short polar column. The

result is a separation that details both

polar and non-polar elements along two

planes. With two levels of separation, the

complexity of the matrix is pulled apart,

increasing the resolution and allowing

the identication of far more

components.

Application Note: ANBT11

Comprehensive analysis of crude oil by two-dimensional GC
(GCxGC) and time-of-ight (TOF) MS

Figure 1. GC/MS total ion chromatogram of a sample of lubricating oil (a distillate fraction of a crude
oil) 
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Non-targeted Screening and Accurate Mass
Confirmation of 510 Pesticides on the High
Resolution Exactive Benchtop LC/MS Orbitrap
Mass Spectrometer
Allen Zhang, James S. Chang, Christine Gu, Mark Sanders, Thermo Fisher Scientific, San Jose, CA, USA 

Overview

As agricultural trade grows and food safety concerns
mount, stricter pesticide regulations are being enforced
around the world. Increased pesticide testing and
reductions in maximum permissible residue levels have
driven demand for fast, sensitive and cost-effective
analytical methods for high-throughput screening of 
multi-class pesticides in food. Detection of 510 pesticides
at low ppb levels was achieved within 12 minutes using
the Thermo Scientific Exactive benchtop LC/MS system
powered by Orbitrap technology. The high resolving
power of the Thermo Scientific Orbitrap platform enables
accurate mass confirmation of all compounds, including
isobaric pesticides. Accurate, robust, easy to use and cost-
efficient, the Exactive™ LC/MS is ideally suited for routine,
comprehensive screening of targeted and non-targeted
pesticides at or below the 0.01 mg/kg (10 ppb) default
limit set by EU and Japanese legislation. 

Introduction

In 2007, the United States Environmental Protection
Agency (EPA) completed a ten-year reassessment of 9,721
pesticide tolerances to meet more stringent safety standards
and recommended the revocation or modification of
thousands of uses of pesticides in food.1 China published
national standard GB 2763-2005 in 2005, which
established 478 maximum residue levels (MRLs) for 136
pesticides.2 Japan’s Positive List System, introduced in 2006,
established MRLs for hundreds of agricultural chemicals,
including approximately 400 pesticides, in food and set a
uniform limit of 10 ppb to chemicals for which MRLs
have not been determined.3 Regulation (EC) No. 396/2005
of the European Parliament, implemented in 2008,
harmonized all pesticide MRLs for European Union (EU)
member states and set default limits of 0.01 mg/kg for all
pesticide/commodity combinations for which no MRLs
have been set.4 A pesticide safety review of about 1,000
active substances on the market was mandated by EU
Directive 91/414/EEC and, upon completion in 2009, led
to the approval of only about 250 substances, effectively
setting the permissible levels of over 700 de-listed pesticides
to the default limit.5 The EU and Japanese regulations are
among the most stringent in the world and have fueled the
need for faster and more sensitive analytical methods for
cost-efficient, high-throughput screening of multi-class
pesticide residues. 

Pesticides in food were traditionally monitored and
quantified using gas chromatography (GC) coupled with
either selective detectors (e.g. electron capture) or mass
spectrometry (MS). GC/MS continues to be widely used in
pesticide analysis because it is highly selective, provides
confirmation of multiple classes of pesticides in a single
analytical run, and is relatively inexpensive and easy to
operate. However, GC/MS cannot detect polar, thermally
unstable or low volatility compounds without derivatization.
Recent improvements in liquid chromatography (LC)
throughput and MS detection capabilities have led to a
surge in the use of LC/MS-based techniques for screening,
confirmation and quantitation of ultra-trace levels of
multi-class pesticide residues, including those that are not
GC-amenable. LC-triple quadrupole tandem MS
(LC/MS/MS) enables highly selective and sensitive
quantification and confirmation of hundreds of target
pesticides in a single run, but this approach requires extensive
compound-dependent parameter optimization and cannot
be used to screen for untargeted pesticides. Full scan
approaches using high performance time-of-flight (TOF)
or Orbitrap™ mass spectrometers coupled to ultra-high
pressure LC (U-HPLC) facilitate rapid and sensitive
screening and detection of LC-amenable pesticide residues
present in a sample. The superior resolving power of the
Orbitrap mass spectrometer (up to 100,000 FWHM)
compared to TOF instruments (10,000–20,000) ensures
the high mass accuracy required for complex sample
analysis.6 High resolution LC/MS instrumentation,
however, can be cost-prohibitive for many routine
monitoring laboratories. 
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