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a b s t r a c t

The complex proteolysis in Spanish dry-cured ham processing generates large amounts of small peptides
and free amino acids which are responsible for the characteristic texture and flavour of this traditional
product. The aim of this work was to study the degradation of the giant protein titin throughout the
dry-curing process (2, 3.5, 5, 6.5, and 9 months) through the use of proteomic tools. A total of 320
peptides have been identified by nanoliquid chromatography coupled to tandem mass spectrometry,
being some of them identified only at 9 months of processing. In order to confirm the absence of these
peptides at other times of processing, MALDI-TOF MS was also employed as a fast and easier technique.
Only four peptides, KDEAAKPKGPIKGVAKK, KKLRPGSGGEK, KNTDKWSECAR and ISIDEGKVL, were exclu-
sively identified at 9 months of curing by using both methodologies so that these peptides could be used
as potential biomarkers of dry-cured ham processing time.

� 2014 Elsevier Ltd. All rights reserved.

1. Introduction

Numerous and complex biochemical reactions take place in the
processing of dry-cured hams, which are responsible for the char-
acteristic texture, flavor and final quality of this typical Spanish
product. Proteolysis is the main reaction that occurs during the
dry-curing process of ham, where the proteins responsible for
muscle structure are broken down by muscle peptidases and
release a lot of small peptides and free amino acids (Toldrá,
1998; Toldrá & Flores, 1998; Lametsch et al., 2003). Previous stud-
ies have described the role of peptidases in the generation of pep-
tides and amino acids from sarcoplasmic and myofibrillar proteins
at the end of dry-cured ham processing (Sentandreu et al., 2007;
Mora et al., 2009; Mora, Sentandreu, & Toldrá, 2010; Mora,
Valero, Sánchez del Pino, Sentandreu, & Toldrá, 2011), and even
recently throughout the whole dry-curing process (Gallego, Mora,
Fraser, Aristoy, & Toldrá, 2014; Mora, Gallego, Aristoy, Fraser, &
Toldrá, 2014).

Titin, also called connectin, is a giant cytoskeletal protein of ver-
tebrate striated muscles. The molecule is formed by a single poly-
peptide with a molecular weight of approximately 3 MDa and
2–2.5 lm long, and it consists mainly of multiple domains similar
to immunoglobulins and fibronectins. Furthermore, titin is the
third most abundant protein of striated muscle, only after myosin
and actin (Huff Lonergan, Zhang, & Lonergan, 2010; Tskhovrebova
& Trinick, 2003; Tskhovrebova & Trinick, 2010).

Titin protein extends half the sarcomere, with the N-terminus
in the Z-disc and the C-terminus in the M-line, and it has an impor-
tant role in controlling extensibility and structure of sarcomeres
during muscle contraction and relaxation (Lametsch et al., 2003;
Sorimachi et al., 1997). Thus, it is involved in the assembly and
interaction between the contractile proteins like actin and myosin
and the sarcomere, contributing to mechanisms that control
elasticity during cycles of contraction and extension, and in ten-
sion-related biochemical processes (Labeit & Kolmerer, 1995;
Tskhovrebova & Trinick, 2003).

Several studies have been done about the degradation of titin in
meat and how this process contributes to postmortem tenderiza-
tion (Fritz, Mitchell, Marsh, & Greaser, 1993; Lametsch et al.,
2003; Huff Lonergan et al., 2010). Moreover, these works have
shown that the calpain system, and mostly the l-calpain, plays a
central role in postmortem proteolysis and tenderisation. The main
ultrastructural change occurred is the break at the junction of the I
band and Z-disk, but both the Z- and M-line attachments to the
sarcolemma, and the myofibrillar and cytoskeletal proteins, are
also degraded during the tenderisation process, including titin pro-
tein (Koohmaraie & Geesink, 2006). Nevertheless, to our knowl-
edge there are no studies in-depth about the degradation of titin
protein along dry-cured ham processing.

In order to study the degradation of proteins and specially to
identify the sequences of naturally generated peptides is necessary
the use of advanced proteomic techniques due to their unique
capabilities such as high accuracy, molecular specificity, detection
sensitivity, and versatility (Léonil, Gagnaire, Mollé, Pezennec, &
Bouhallab, 2000).
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Table 1
Peptides identified by nESI–LC–MS/MS and detected by MALDI-TOF MS from position 12,704–12,923 of titin protein in dry-cured ham (UniprotKB/TrEMBL protein database
accession number A2ASS6 of Mus musculus and corresponding to accession number O97771 of Sus scrofa).
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