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ABSTRACT

Proteomic approaches have been used to identify the main proteins present in
processing by-products generated by the canning tuna-industry, as well as in by-products
derived from filleting of skeletal red muscle of fresh tuna. Following fractionation by
using an ammonium sulphate precipitation method, three proteins (tropomyosin,
hemoglobin and the stress-shock protein ubiquitin) were identified in the highly
heterogeneous and heat-treated material discarded by the canning-industry. Additionally,
this fractionation method was successful to obtain tropomyosin of high purity from the
heterogeneous starting material. By-products from skeletal red muscle of fresh tuna were
efficiently fractionated to sarcoplasmic and myofibrillar fractions, prior to the
identification based mainly on the combined searching of the peptide mass fingerprint
(MALDI-TOF) and peptide fragment fingerprinting (MALDI-LIFT TOF/TOF) spectra of
fifteen bands separated by 1D SDS-PAGE. Thus, the sarcoplasmic fraction contained
myoglobin and several enzymes that are essential for efficient energy production,
whereas the myofibrillar fraction had important contractile proteins, such as actin,
tropomyosin, myosin or an isoform of the enzyme creatine kinase. Application of
proteomic technologies has revealed new knowledge on the composition of important by-

products from tuna species, enabling a better evaluation of their potential applications.

Keywords: Thunnus alalunga, proteomics, sarcoplasmic, myofibrillar, by-product, food

protein.
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1. INTRODUCTION

Fish by-products may contain valuable protein and lipid fractions as well as
vitamins and minerals highlighting the nutritional and health benefits attributed to fish
consumption. Currently, more than 33 million metric tones (23%) of world fish
production are destined for non-food uses (FAO, 2008). In addition, the percentages of
processing by-products generated from commercial filleting of fish species such as cod,
tuna, and trout are even higher, ranging between 60 to 70% (Chen & Jaczynski, 2007). It
is anticipated that these high levels of fish by-products are going to be increased during
next years as consequence of a raise in fish production in response to expected demand
growth for fisheries products (Delgado, Wada, Rosegrant, Meijer & Ahmed, 2003). In
this context, there are major ongoing research addressed to improve the management of
these by-products in terms of searching new bioactive compounds and developing new
technologies that allow a more profitable utilization of this material (Rustad, 2003).

Particularly, given that recent studies have identified a number of bioactive
compounds from remaining fish muscle proteins, collagen and gelatine (Kim & Mendis,
2006), the recovery of proteins from fish by-products for their utilization as potential
food ingredients is becoming of increasing interest in the food industry (Sanmartin,
Arboleya, Villamiel & Moreno, 2009). Therefore, to assess the potential applications for
proteins recovered from fish by-products, it is of paramount importance the
characterization of the protein fraction of the discarded material. To the best of our
knowledge, despite their global economic importance and intensive international trade for

canning, protein fractions contained in by-products generated from processing tuna
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species have not been characterized to date. Likewise, considering that fresh tuna species
have high economic value and its protein-rich muscle tissue is a valuable food source, by-
products generated from commercial filleting could also be an important and alternative
source for functional proteins or peptides.

Proteomic techniques have strong potential to accurately characterize the major
proteins found in complex food matrices. However, up to now, the use of proteomics in
fish biology and aquaculture has been limited (Forné, Abian & Cerda, 2010).
Furthermore, fish protein identification is a challenging task due to the relatively low
number of fish protein sequences and expressed sequence tags (ESTs) present in the
public databases (Pineiro, Barros-Velazquez, Vazquez, Figueras & Gallardo, 2003;
Kjaersgard, Norrelykke & Jessen, 2006). Therefore, it is essential to obtain protein
sequences by either Edman degradation or tandem mass spectrometry which enables
identification by matching with homologue proteins from different species as it has been
previously reported for hake (Pineiro, Vazquez, Marina, Barros-Velazquez & Gallardo,
2001) or cod proteins (Kjaersgard et al., 2006). In this sense, Matrix Assisted Laser
Desorption lonization-Time Of Flight mass spectrometry (MALDI-TOF) provides high
sensitivity for peptide mass fingerprinting (PMF). Besides, latest developments in this
type of mass spectrometers allow performing tandem mass spectrometry analysis by
MALDI-LIFT TOF/TOF for peptide fragment fingerprinting (PFF) (Suckau, Resemann,
Schuerenberg, Hufnagel, Franzen, & Holle, 2003).

The aim of this study was the fractionation and identification of the main proteins

present in processing by-products generated from both commercial canning and filleting
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of tunas species using proteomic approaches by combining peptide mass fingerprinting

and peptide fragment fingerprinting (MS/MS) analysis.

2. MATERIALS AND METHODS

2.1. By-products homogenization

Canned tuna solid by-products were obtained from a local canned fish processing
plant. Skin, viscera and red muscle were the main compounds of the raw material, and
were collected after an industrial heat treatment at 95°C for 1h. After deboning and
mixing steps, fish wastes were homogenized, freeze—dried and defatted by the Soxhlet
method using petroleum ether (Panreac, Barcelona, Spain) at 60°C during 12 h. The
protein, ash, lipid, and moisture contents of the canned by-product were 60.1%, 19.7%,
1.0% and 4.4% (w:w), respectively, as determined according to the methods of AOAC
(2000).

Fresh tuna (Thunnus alalunga) red muscle was obtained from filleting wastes at a
local fish store situated in the coast (Bermeo, Spain) immediately after the reception of
tuna from a close landing centre in order to minimize changes in the quality of the
product. Immediately after collection, fish wastes were homogenized using a blender and

kept frozen at -20°C.

2.2. Protein extraction and fractionation
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Canned industry fish by-products were processed following the method described
by Maitena, Katayama, Sato & Saeki (2004) with some modifications. Firstly, material
was resuspended (1:100 w/v) with 0.16 M KCI (Merck KGaA, Darmstadt, Germany)
containing 20 mM Tris-HCI (Sigma-Aldrich, St. Louis, MO) (pH 7.5). After 30 min, the
solution was centrifuged at 30,000 x g for 10 min and the supernatant was recovered as
Sample 1. This step was repeated up to three times, in order to remove sarcoplasmic
proteins. The final pellet was then dissolved in 0.5 M KCI (Merck) containing 20 mM
Tris-HCI (pH 7.5) for 1 h. After addition of 40% saturation of ammonium sulphate
(Panreac), the protein solution was centrifuged at 30,000 x g for 1 h obtaining a
precipitate termed Sample 2. Afterwards, the ammonium sulphate saturation in the
supernatant was raised up to 55%, and again was subjected to centrifugation at 100,000 x
g for 1h. Proteins in the precipitated were collected, dissolved in 0.5 M NaCl (Panreac)
containing 20 mM Tris-HCI (pH 7.5), and dialyzed against the same buffer to remove
ammonium sulfate (Sample 3).

Regarding the protein extraction from fresh tuna by-products, a method described
by Mohan, Ramachandran, Sankar & Anandan (2007) with some modifications was
followed. Thus, fresh tuna (Thunnus alalunga) red muscle was mixed (1:5 w/v) with
sodium phosphate buffer (Merck) 0.1M at pH 7.0 and homogenized using an ultraturrax
(Miccra RT-D9®). The homogenate was centrifuged at 4 °C, 12,000 x g for 15 min and
the supernatant was collected as Sarcoplasmic proteins. Final precipitate was washed
thoroughly using the same buffer in order to remove the soluble proteins. Myofibrillar
fraction was recovered from the pellet by solubilization (1:5 w/v) with sodium phosphate

buffer 0.1M pH 7.0 containing 0.5M NaCl. After homogenization, the solution was
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centrifuged at 4°C, 12,000 x g for 15 min and the supernatant was collected as a
Myofibrillar proteins.

All the steps in both protein fractionation methods were carried out below 6°C.
Furthermore, the extraction procedures were repeated at least three times in order to
evaluate difference between batches. According to the electrophoresis gels, no
remarkable differences were observed regarding the number of visualized bands.

The protein concentration was determined by the bicinchoninic acid (BCA)
method (Smith et al., 1985) using bovine serum albumin (Sigma-Aldrich) as a standard.
Thus, total protein content corresponding to the myofibrillar and sarcoplasmic fractions
isolated from the homogenized by-products of skeletal red muscle of fresh tuna was 5.5%

(w:w).

2.3 Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)

procedure

For SDS-PAGE analysis, 32.5 uL of the fractionated samples was added to 12.5
uL of 4xNuPAGE LDS sample buffer (Invitrogen, CA, USA) and 5 uL of 0.5 M
dithiothreitol (DTT, Sigma-Aldrich) and the mixture heated at 70 °C for 10 min. The
samples were loaded (20 uL) onto a 4-12% polyacrylamide NUPAGE Novex® Bis-Tris
precast gel (Invitrogen), and a continuous MES-SDS running buffer (Invitrogen) was
used for proteins extracted from the canned tuna solid by-products and a MOPS-SDS
running buffer (Invitrogen) from the proteins derived from the fresh tuna by-products.

The gels were run for 35 min (MES-SDS running buffer) and 50 min (MOPS-SDS
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running buffer) at 120 mA/gel and 200 V and stained using the Colloidal blue staining kit
(Invitrogen). Marker proteins used were: myosin (200 kDa), B-galactosidase (116.3 kDa),
phosphorylase b (97.4 kDa), BSA (66 kDa), glutamic dehydrogenase (55.4 kDa), lactate
dehydrogenase (36.5 kDa), carbonic anhydrase (31 kDa), trypsin inhibitor (21.5 kDa),
lysozyme (14.4 kDa), aprotinin (6 kDa), insulin chain B (3.5 kDa) and insulin chain A

(2.5 kDa) (Invitrogen).

2.4 In gel-tryptic digestion and peptide extraction

Bands were excised manually from 1-D stained electrophoresis gels and subjected
to in-gel tryptic digestion according to Shevchenko, Wilm, Vorm & Mann (1996) with
minor modifications. The gel pieces were reduced with 30 uL of 10 mM DTT at 56°C for
20 min, followed by an alkylation in 30 pL of 50 mM iodoacetamide for 20 min at room
temperature in darkness. Then, bands were swollen in a digestion buffer containing 50
mM NH4HCO; and 12.5 ng/uL of trypsin (Roche Diagnostics, recombinant, proteomics
grade trypsin, Penzberg, Germany) in an ice bath. After 30 min the supernatant was
removed and discarded, 20 puL of 50 mM NH4HCO3; were added to the gel piece and the
digestion allowed to proceed at 37 C overnight. After trypsinization, the supernatant was

transferred to an empty eppendorf tube and acidified with 0.1 % TFA.

2.5 Sample preparation for MALDI MS analysis
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Recovered peptides were desalted prior to MALDI analysis by home-made nano-
columns consisting of 200 nL of POROS R2 + R3 material (PerSeptive Biosystems,
Framingham, MA) as described by Gobom, Nordhoff, Mirgorodskaya, Ekman, &
Roepstorff (1999) with some modifications. Columns were equilibrated with 0.1 % TFA
and the bound peptides subsequently eluted directly onto the MALDI target with 0.5 pL

CHCA solution (20 pg/pL in ACN, 0.1 % TFA, 70:30, vol/vol).

2.6 Mass Spectrometric analysis

Peptide mass fingerprinting and MS/MS analysis were performed on a Bruker
Autoflex 1l TOF/TOF smartbeam mass spectrometer (Bruker-Daltonics, Bremen,
Germany) equipped with an ion LIFT selector and reflector. Positively charged ions were
analyzed in reflector mode, using delayed extraction. The ionization is performed by
solid-state laser with a 360 nm wavelength in pulses of 200 Hz. Resolution remains
always above 7500, throughout the mass window. Routinely, 1400 scans were collected
for MALDI-TOF PMF analysis. When feasible, best candidates were chosen in manual
fashion for the corresponding LIFT MS/MS PFF analysis (400 MS scans for selection of
parental ion, 1600 MS/MS scans for fragments). Spectra were first externally calibrated
resulting in a mass accuracy of <50 ppm. Afterwards, internal calibration was performed,
reaching an accuracy of <20 ppm. Protein identification was performed by searching
NCBInr database (version 09/2009; 10490613 sequences; 3896452119 residues) and
using Mascot 2.1 search engine (Matrix Science, Boston, MA). The following parameters

were used for database searches: up to two missed cleavages; allowed modifications:



199  carbamidomethylation of cysteine (fixed) and oxidation of methionine (variable). For
200  peptide mass fingerprinting, 0.7 Da of tolerance was allowed for fragment-ion masses
201  obtained by tandem mass spectrometry. In all searches performed, protein scores greater
202  than 63 are considered statistically significant (p<0.05).

203 PMFs and the corresponding tables describing the characterized peptides of all

204  proteins identified in the analyzed by-products are shown in the Supporting Information.
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3. RESULTS

3.1 Proteomic identification of by-products from canned tuna

Following the ammonium sulphate precipitation procedure described in Materials
and Methods section, different electrophoretic patterns (Figure 1, lanes 2 and 3), as well
as a strong and highly resolved band of M, ~36 kDa (Figure 1, lane 4) were obtained.
Despite the high heterogeneity of the starting material which includes tuna bones, skin,
muscle or internal organs, five major electrophoretic bands were visualized after
Coomassie staining. These five bands were observed at 1D SDS-PAGE within a
molecular weight of 6 and 200 kDa and were cut off for further identification. Three
proteins were successfully identified by combination of PMF and PFF analyses (Table 1
and Supporting Information).

Band no. 3 was identified as ubiquitin, a small protein of 74 amino acids
abundantly present in all eukaryotes. It is highly conserved among eukaryotic species and
this protein differs only in three residues in yeast and animals (Sharp & Li, 1987). Habu,
Ohishi, Mihara & Yanaihara (1994) indicated that the amino acid sequence of tuna
ubiquitin is identical to that of mammalian counterparts. The most prominent function of
ubiquitin is labeling proteins for proteasomal degradation. Many kinds of stress appear to
stimulate ubiquitin expression (Okubo et al., 2002), including heat shock in hamster
(Fornace, Alamo, Hollander & Lamoreaux, 1989), chicken (Bond & Schlesinger, 1985)
and yeast (Cheng, Watt & Piper, 1994), as well as starvation and respiration stress also

reported in yeast (Cheng et al., 1994). Thus, the identification of ubiquitin in by-products

11



228

229

230

231

232

233

234

235

236

237

238

239

240

241

242

243

244

245

246

247

248

249

250

from canning tuna is not surprising considering the large number of factors can influence
the up-regulation of ubiquitin genes.

Analysis of band no. 4, a predominant band present in the solution derived from
the second step of the fractionation method (Figure 1, lane 3), revealed the unambiguous
presence of the PB-subunit of hemoglobin (Table 1). Furthermore, an additional
fractionation step led to the apparent purification of a single and well-resolved band of M;
~36 kDa (band no. 5, Figure 1, lane 4). Proteomic analysis (PMF + PFF) confirmed the
presence of only one protein identified as tropomyosin of bluefin tuna from fast skeletal
muscle (Table 1 and Supporting Information). Huang, Ochiai & Watabe (2004) reported
that tropomyosin is a mixture of nearly equimolar amounts of two isoforms (designated o
and B) in the fast skeletal muscle of bluefin tuna, although only the sequence of the -
type is known so far. These results indicate that the precipitation method reported in this
work is useful for obtaining tropomyosin with a high degree of purity from by-products
of tuna processed for canning.

Regarding bands no. 1 and 2 with M, ranging between 100 and 200 kDa (Figure
1, lane 2), no positive identification was accomplished by combination of PMF and LIFT

analyses.

3.2 Proteomic identification of by-products from skeletal red muscle of fresh tuna

After fractionation steps, two well-differentiated 1D SDS-PAGE patterns,

presumably corresponding to the sarcoplasmic and myofibrillar fractions were obtained

(Figure 2). Up to 12 bands with M, ranging between 14 and 116 kDa from the

12
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sarcoplasmic fraction and 8 bands with M, between 14 and 200 kDa from the myofibrillar
fraction were excised, tryptic digested and analyzed by MALDI-TOF/TOF (Supporting

Information). These bands were selected according to their abundance in both fractions.

3.2.1 Myofibrillar fraction

The most common myofibrillar proteins in the muscle of aquatic animals are
myosin, actin, tropomyosin, and troponins C, | and T representing around 40-60%, 15-
30%, 4-6% and 4-6% of the total myofibrillar protein of muscle, respectively, depending
upon species (Mackie, 1997). Seven proteins corresponding to the myofibrillar fraction
could be identified (Table 2). Five bands matched proteins involved in muscle
contraction such as myosin (heavy and light chains), actin or tropomyosin. As an
example, Figure 3 shows the sequence coverage map of the combined PMF and five
MALDI LIFT-TOF/TOF spectra corresponding to the identification of tropomyosin
(Figure 2, lane 3, band 5). The peptides released at higher intensities from this band were
identified as fragments (by decreasing order of abundance): ***K-R*"® (m/z 1284.8), %I-
R™ (m/z 1243.7), *°L-RY® (m/z 1156.7), *R-R™ (m/z 1399.8), ' K-R'*®" (m/z 894.5),
2P2T.K® (mfz 1552.8) and *I-R'™ (m/z 1727.9) (Figure 3A and Supporting
Information). These peptides were obtained as a result of tryptic cleavages occurring at
the carboxyl side of basic residues (R and K). Thus, three peptides spanning the region
161 _R'® were found as consequence of the tryptic cleavages at bonds *°R-K*®!, ¥7R-

K8 and 1%8K-L'®°. Another set of three main peptides was derived from tryptic cleavages

at bonds R-R%, 'R-A12 “R-1%2 and ®°R-L'%. Finally, peptide °T-K*®** was obtained

13
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as a result of tryptic cleavages at bonds ?'K-T%? and ***K-L?®** (Figure 3A). Five of
these peptides, i.e. "R-R'*, %|-R1 1P1K-R®7 198K _R'"® and 1°L-R'"® were analyzed by
MALDI-TOF/TOF. The information of the peptide mass fingerprinting (PMF), together
with that of the peptide fragment fingerprinting (PFF) obtained from the five selected
peptides, allowed the unambiguous protein identification. The information derived from
the tandem mass spectrometry analysis of the highest scored peptide (i.e., “*1-R'") for
this protein is shown in Figure 3B. The detected y,-type ions owing to the free carboxyl-
terminus, as well as to the bp-type ions owing to the free amino terminus, were detected
and they are marked in red (Figure 3B).

In band no. 4 (Figure 2, lane 3), two different proteins were identified by
combining PMF and PFF, i.e. the enzyme muscle-type creatine kinase CKML1 together
with skeletal a-actin. Creatine kinase is known to catalyze, through the consumption of
adenosine triphosphate, the conversion of creatine to phosphocreatine, an organic
compound capable of storing and providing energy for muscular contraction, whilst
skeletal o-actin belongs to the actin family of proteins which are highly conserved
proteins involved in various types of cell motility and ubiquitously expressed in all
eukaryotic cells. Five MS/MS spectra were acquired from peptides generated from band
no. 4. Three of them matched to creatine kinase CKM1: m/z 1125.6 (GFTLPPHNSR),
m/z 1657.9 (TFLVWVNEEDHLR) and m/z 1995.0 (GTGGVDTASVGGVFDISNADR),
and two matched to o-actin m/z 1198.7 (AVFPSIVGRPR) and m/z 1790.9

(SYELPDGQVITIGNER).

3.2.2 Sarcoplasmic fraction

14
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Eight proteins corresponding to 9 bands were identified in the sarcoplasmic
fraction (Figure 2, lane 2 and Table 2). Seven of these bands matched proteins known to
be involved in energy metabolism, mainly enzymes of carbohydrate metabolism.
Glycolytic enzymes are responsible for quality deterioration of fish after death and before
bacterial spoilage (Hui et al., 2006), and they have been proposed as markers for post-
mortem changes during storage of fishes such as cod (Gebriel, Uleberg, Larssen,
Bjornstad, Sivertsvik & Moller, 2010). Post-mortem biochemical and structural changes
in proteins are directly related to sensorial properties and water-holding capacity (Huff-
Lonergan & Lonergan, 2005).

Glycogen phosphorylase A (band no. 9) participates in the breakdown of
glycogen, catalyzing the phosphorolytic cleavage of the a (1-4) glycosidic linkages,
releasing glucose-1-phosphate as the reaction product. This enzyme has been reported to
be predominant in skeletal muscle of mammalians, among other tissues, in response to its
greater demand for specific glycogenolytic control. Furthermore, four enzymes directly
involved in glycolysis, and thus serving to breakdown glucose for energy and carbon
molecules, were also identified: triose-phosphate isomerase (band no. 19),
glyceraldehyde 3-phosphate dehydrogenase (band no. 17), p-enolase (band no. 13) and
pyruvate kinase (bands no. 10 and 11). Interestingly, in addition to a long established
metabolic function, glyceraldehyde 3-phosphate dehydrogenase enzyme has also been
implicated in several non-metabolic processes, such as binding to actin and tropomyosin,
and thus, it might have a role in cytoskeleton assembly (Dugaiczyk, Haron, Stone,

Dennison, Rothblum & Schwartz, 1983). Thus, interaction of glycolytic enzymes with

15
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actin has been suggested to be a mechanism for compartmentation of the glycolytic
pathway (Waingeh, Gustafson, Kozliak, Lowe, Knull & Thomasson, 2006). Additionally,
enolase has also been reported as an early marker of human myogenesis (Fougerousse et
al., 2001), as well as it has been identified as an early oxidative protein in bonito muscle
(Kinoshita, Sato, Naitou, Ohashi, & Kumazawa, 2007). The identified p-isoform is the
predominant (~90%) form of enolase in skeletal muscle (Foucault, VVacer, Merkulova,
Keller & Abrio-Dupont, 1999). Lastly, the identification of pyruvate kinase in two
different bands (no. 10 and 11) of apparently similar electrophoretical mobility might be
indicative of the presence of at least two post-translationally modified forms, and/or as
consequence of a partial degradation.

Isocitrate dehydrogenase, an enzyme that participates in the Krebs cycle
catalyzing the oxidative decarboxylation of isocitrate to produce o-ketoglutarate and CO,
while converting NAD" to NADH, was detected in the band no. 12. Finally, the enzyme
muscle-type creatine kinase, previously matched within the myofibrillar fraction (band
no. 4 in Figure 2, lane 3), was also identified in the sarcoplamisc fraction as the isomer
CKM2 (band no. 14 in Figure 2, lane 2). The fact that the tuna red muscle could have at
least two isoforms of creatine kinase is consistent with the reported presence of multiple
forms of this enzyme in muscle tissue of other fish species, such as carp (Sun, Hui & Wu,
1998), antarctic icefish (Winnard, Cashon, Sidell & Vayda, 2003) or zebrafish
(Bosworth, Chou, Cole & Rees, 2005).

Finally, the well-defined and separated band no. 20 was identified by PMF and
PFF analyses as myoglobin, a protein abundantly found in the skeletal red muscle, from

different tuna species including Thunnus alalunga (Albacore), T. albacares (Yellowfin),

16



343

344

345

346

347

348

349

350

351

352

353

354

355

356

357

358

359

360

361

362

363

364

365

T. thynnus orientalis (North Pacific bluefin), T. thynnus (Bluefin) and T. obesus (Bigeye)
(Figure 4). However, the highest similarity score “Mowse score” corresponded to
myoglobin from T. alalunga with a high sequence coverage of 71% that includes the
distinctive peptide EHPDTQK derived from the hydrolytic action of trypsin on bonds
SIK-E* and *K-L* (m/z 854.3, Figure 4A). Likewise, additional peptides released at
high intensities were identified as fragments **A-R'# (m/z 1129.6), *°C-R?® (m/z 2108.1),
BEK® (m/z 2267.3), ¥'N-K* (m/z 1663.9) and **H-K'* (m/z 1110.6) (Supporting
Information). All these abundant peptides were also obtained as a result of tryptic
cleavages occurring at the carboxyl side of R and K residues without missed cleavages,
with the exception of peptide “*H-K'°* which contained one missed cleavage (Figure 4A).
Furthermore, the C residue at peptide °C-R*® was carbamidomethylated following the
treatment with iodoacetamide. Lastly, MS? spectra from peptides *>A-R'?® and °C-R®
(Figure 4B) were dominated by the sequence informative y-ions resulting from cleavages

on the carboxy-terminal side of peptide.

4. DISCUSSION

MALDI has historically been considered a "soft" ionization technique that
produces almost exclusively intact protonated pseudomolecular ion species. Later studies
have shown that a significant degree of metastable ion decay occurs after ion acceleration
and prior to detection. The ion fragments produced from the metastable ion decay of
peptides and proteins typically include both neutral molecule losses (such as water,

ammonia and portions of the amino acid side chains) and random cleavage at peptide

17
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bonds. The observance of these metastable ion decay products in MALDI mass spectra is
dependent on the TOF instrumental configuration. As it is indicated in Materials and
Methods section, our MALDI TOF spectrometer is equipped with a LIFT pusher/filter
that enhance post source decay (PSD) observance, simulating a real TOF/TOF device
(Suckau et al., 2003). This is particularly important for protein identification in Thunnus
alalunga (Albacore) whose genome is not sequenced and, consequently, it is essential to
obtain protein sequences by tandem mass spectrometry allowing their identification by
matching with homologue proteins from different related fish species.

Knowledge about quality and composition of fish by-products is essential to
obtain a profitable utilization. Results presented in this work show the usefulness of
proteomic techniques like peptide mass fingerprinting and peptide fragment
fingerprinting performed by MALDI-TOF/TOF to identify proteins extracted from
different tuna by-products, although T. alalunga is an organism without a sequenced
genome. Such information is important for future studies investigating the evaluation of
their potential applications.

If the recovered protein material is intended to be used for human food products,
the knowledge of the nutritional value of these proteins will be essential. It is well-known
that tuna species such as T. alalunga has proteins of high nutritional value (Castrillon,
Navarro & Garcia-Arias, 1996). Regarding essential aminoacids, previous works reported
that the composition of proteins from tuna source was of very high quality (Pigott &
Tucker, 1990).

From a technological point of view, fish myofibrillar proteins have shown

excellent functional properties as food ingredients, such as gel-forming ability,
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emulsifying properties, and water-holding ability, which are related to their solubilization
in salt solutions (Saeki & Inoue, 1997). Surimi is a good example of a product created
with myofibrillar proteins isolated from previously undervalued fish parts. Likewise, a
gel-enhancing effect as well as good water holding and oil binding capacities have been
recently reported for sarcoplasmic fish proteins indicating their potential use as a
promising food ingredient with good functional properties (Jafarpour & Gorczyca, 2009;
Yongsawatdigul & Hemung, 2010).

The analyzed by-products could also be suitable sources of bioactive peptides
according to the identified proteins. Recently, Je, Qian, Lee, Byun & Kim (2008) and Hsu
(2010) reported that protein hydrolysates of tuna dark muscle by-product derived from
canned processing possessed strong in vitro antioxidative activity. Likewise, peptides
possessing ACE (Angiotensin Converting Enzyme) inhibitory properties and, hence, with
potential beneficial effects in the treatment of hypertension, derived from muscle proteins
of fish species such as bonito or tuna have been previously identified. Thus,
glyceraldehyde 3-phosphate dehydrogenase from tuna muscle, protein identified in the
band no. 17 of the sarcoplasmic fraction isolated from by-products of red muscle of fresh
tuna (Figure 2, lane 2, Table 2), has an octapeptide (PTHIKWGD) with a potent ACE
inhibitory activity (Kohama, Matsumoto, Oka, Teramoto, Okabe & Mimura, 1988). This
specific peptide was one of the first identified ACE inhibitory peptides in marine
products.

Later on, protease digests of bonito muscle had ACE-inhibitory activity in
addition to a good taste (Yokoyama, Chiba & Yoshikawa, 1992). These authors

demonstrated that the most potent ACE-inhibitory peptides were derived from actin,
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which has been identified in the band no. 4 of the myofibrillar fraction isolated from by-
products of red muscle of fresh tuna (Figure 2, lane 3, Table 2). In fact, this mixture of
peptides derived from bonito actin has been proved to exert not only in vitro ACE
inhibitory activity but also in vivo antihypertensive activity after oral administration in
spontaneously hypertensive rats (Fujita, Yokoyama, Yasumoto & Yoshikawa, 1995) and
borderline hypertensive humans (Fujita, Yasumoto, Hasegawa & Ohshima, 1997).
Consequently, it is commercially available following official approval as a “Food for
Specified Health Use” in Japan (Fujita, Yokoyama & Yoshikawa, 2000).

Likewise, one peptide (DMIPAQK) derived from muscle-type creatine kinase
(Yokoyama et al., 1992), protein identified in this work in both myofibrillar and
sarcoplasmic fractions from red muscle, and another heptapeptide (SVAKLEK) derived
from tropomyosin (Yamamoto, Ejiri & Mizuno, 2003), which was also identified in by-
products from canned tuna in addition to by-products from red muscle, also showed to
posses ACE-inhibitory activity.

On the other hand, the genus Thunnus comprises many species that differ in
commercial value depending on their organoleptic features and, consequently, these
species are often subjected to fraudulent substitution (Pepe, Ceruso, Carpentieri,
Ventrone, Amoresano & Anastaio, 2010). The proteomic identification of myoglobin in
the sarcoplasmic fraction revealed the presence of an alalunga-specific peptide
(EHPDTQK) that might be used as a specific marker. This fact supports the potential use

of proteomic tools for species identification of fish.

5. CONCLUSION
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Procedures described in this work allowed the isolation and characterization of
proteins from processing tuna by-products that could be potentially used in a wide
number of human food applications. Although further studies are needed to evaluate
specific bioactivities, these findings could contribute to expand the use of tuna processing
by-products to the development of new commercial applications for the human health

promotion.

ACKNOWLEDGEMENTS

The financial support from projects Consolider CSD2007-00063 INGENIO 2010
(Ministerio de Educacion y Ciencia) and ALIBIRD S2009/AGR-1469 (Comunidad de
Madrid) and the Department of Agriculture, Fisheries, and Food of the Basque
Government is gratefully acknowledged. E. S. thanks the Fundacion Centros

Tecnologicos-Ifiaki Goenaga for a Ph.D. grant.

21



451

452

453

454

455

456

457

458

459

460

461

462

463

464

465

466

467

468

469

470

471

472

REFERENCES

- AOAC (2000). Official methods of analytical chemists (17th ed.). Arlington: The
Association of Official Analytical Chemists Inc.

- Bond, U., & Schlesinger, M. J. (1985). Ubiquitin is a heat shock protein in chicken
embryo fibroblasts. Molecular and Cellular Biology, 5, 949-956.

- Bosworth, C. A., Chou., C.-W., Cole, R. B., & Rees, B. B. (2005). Protein expression
patterns in zebrafish skeletal muscle: initial characterization and the effects of hypoxic
exposure. Proteomics, 5, 1362-1371.

- Castrillon, A. M., Navarro, M. P., & Garcia-Arias, M. T. (1996). Tuna protein
nutritional quality changes after canning. Journal of Food Science, 61, 1250-1253.

- Chen, Y. C.,, & Jaczynski, J. (2007). Protein recovery from rainbow trout
(Oncorhynchus mykiss) processing byproducts via isoelectric solubilization/precipitation
and its gelation properties as affected by functional additives. Journal of Agricultural and
Food Chemistry, 55, 9079-9088.

- Cheng, L., Watt, R., & Piper, P. W. (1994). Polyubiquitin gene expression contributes
to oxidative stress resistance in respiratory yeast (Saccharomyces cerevisiae). Molecular
and General Genetics, 243, 358-362.

- Delgado, C. L., Wada, N., Rosegrant, M. W., Meijer, S., & Ahmed, M. (2003). The
future of fish. Issues and trends to 2020. International Food Policy Research Institute and
WorldFish Center, Washington, Malaysia, Available from:

www.ifpri.org/pubs/ib/ib15.pdf .

22


http://www.ifpri.org/pubs/ib/ib15.pdf

473

474

475

476

477

478

479

480

481

482

483

484

485

486

487

488

489

490

491

492

493

- Dugaiczyk, A., Haron, J. A., Stone, E. M., Dennison, O. E., Rothblum, K. N., &
Schwartz, R. J. (1983). Cloning and sequencing of a deoxyribonucleic acid copy of
glyceraldehyde-3-phosphate dehydrogenase messenger ribonucleic acid isolated from
chicken muscle. Biochemistry, 22, 1605-1613.

- FAO Fisheries and Aquaculture Department. The state of world fisheries and
aquaculture. FAO, Rome, 2008, Available from:

ftp://ftp.fao.org/docrep/fao/011/i0250e/i0250e.pdf.

- Fornace, A. J. Jr, Alamo, I. Jr, Hollander, M. C., & Lamoreaux, E. (1989). Ubiquitin
MRNA is a major stress-induced transcript in mammalian cells. Nucleic Acids Research,
17,1215-1230.

- Forné, 1., Abian, J., & Cerda, J. (2010). Fish proteome analysis: model organisms and
non-sequenced species. Proteomics, 10, 858-872.

- Foucault, G., Vacer, M., Merkulova, T., Keller, A., & Abrio-Dupont, M. (1999).
Presence of enolase in the M-band of skeletal muscle and possible indirect interaction
with the cytosolic muscle isoform of creatine kinase. Biochemical Journal, 338, 115-121.
- Fougerousse, F., Edom-Vovard, F., Merkulova, T., Merkulova, M. O., Durand, M.,
Butler-Browne, G., & Keller, A. (2001). The muscle-specific enolase is an early marker
of human myogenesis. Journal of Muscle Research and Cell Matility, 22, 535-544.

- Fujita, H., Yokohama, K., Yasumoto, R., & Yoshikawa, M. (1995). Anti-hypertensive
effect of thermolysin digest of dried bonito in spontaneously hypertensive rat (SHR).

Clinical and Experimental Pharmacology and Physiology, Suppl 1, S304-S305.

23


ftp://ftp.fao.org/docrep/fao/011/i0250e/i0250e.pdf

494

495

496

497

498

499

500

501

502

503

504

505

506

507

508

509

510

511

512

513

514

515

- Fujita, H., Yasumoto, R., Hasegawa, M., Ohshima, K. (1997). Antihypertensive activity
of “Katsuobushi Oligopeptide” in hypertensive and borderline hypertensive subjects. Jpn
Pharmacol Ther, 25, 153-157.

- Fujita, H., Yokoyama, K., & Yoshikawa, M. (2000). Classification and antihypertensive
activity of angiotensin I-converting enzyme inhibitory peptides derived from food
proteins. Journal of Food Science, 65, 564-569.

- Gebriel, M., Uleberg, K. E., Larssen, E., Bjornstad, A. H., Sivertsvik, M., Moller, S. G.
(2010). Cod (Gadus morhua) muscle proteome cataloging using 1D-PAGE protein
separation, nano-liquid chromatography peptide fractionation, and linear trap quadrupole
(LTO) mass spectrometry. Journal of Agricultural and Food Chemistry, 58, 12307-
12312.

- Gobom, J., Nordhoff, E., Mirgorodskaya, E., Ekman, R., & Roepstorff, P. (1999).
Sample purification and preparation technique based on nano-scale reversed-phase
columns for the sensitive analysis of complex peptide mixtures by matrix-assisted laser
desorption/ionization mass spectrometry. Journal of Mass Spectrometry, 34, 105-116.

- Habu, A., Ohishi, T., Mihara, S., & Yanaihara, N. (1994). Isolation and sequence
determination of tuna ubiquitin. Biomedical Research, 15, 377-381.

- Hsu, K.-C. (2010). Purification of antioxidative peptides prepared from enzymatic
hydrolysates of tuna dark muscle by-product. Food Chemistry, 122, 42-48.

- Huang, M.-C., Ochiai, Y., & Watabe, S. (2004). Structural and thermodynamic
characterization of tropomyosin from fast skeletal muscle of bluefin tuna. Fisheries

Science, 70, 667—674.

24



516

017

518

519

520

521

522

523

524

525

526

527

528

529

530

531

532

533

534

535

536

537

- Huff-Lonergan, E., & Lonergan, S. M. (2005). Mechanisms of water-holding capacity
of meat: the role of postmortem biochemical and structural changes. Meat Science, 71,
194-204.

- Hui, Y. H., Cross, N., Kristinsson, H. G., Lim, M. H., Nip, W. K., Siow, L. F., &
Stanfield, P. S. (2006). Biochemistry of Seafood Processing. In Y. H. Hui (Ed.), Food
Biochemistry and Food Processing (pp. 351-378). Oxford: Blackwell Publishing Ltd.

- Jafarpour, A., & Gorczyca, E. M. (2009). Characteristics of sarcoplasmic proteins and
their interaction with surimi and kamaboko gel. Journal of Food Science, 74, N16-N22.

- Je, J.-Y., Qian, Z.-J.,, Lee, S.-H., Byun, H.-G., & Kim, S.-K. (2008). Purification and
antioxidant properties of Bigeye tuna (Thunnus obesus) dark muscle peptide on free
radical-mediated oxidative systems. Journal of Medicinal Food, 11, 629-637.

- Kim, S. K., & Mendis, E. (2006). Bioactive compounds from marine processing
byproducts - A review. Food Research International, 39, 383-393.

- Kinoshita, Y., Sato, T., Naitou, H., Ohashi, N., & Kumazawa, S. (2007). Proteomic
studies on protein oxidation in bonito (Katsuwonus pelamis) muscle. Food Science and
Technology Research, 13, 133-138.

- Kjaersgard, 1. V. H., Ngrrelykke, M. R., & Jessen, F. (2006). Changes in cod muscle
proteins during frozen storage revealed by proteome analysis and multivariate data
analysis. Proteomics, 6, 1606-1618.

- Kohama, Y., Matsumoto, S., Oka, H., Teramoto, T., Okabe, M., & Mimura, Y. (1988).
Isolation of angiotensin-converting enzyme-inhibitor from tuna muscle. Biochemical and

Biophysical Research Communications, 155, 332-337.

25



538

539

540

541

542

543

544

545

546

o547

548

549

550

551

552

553

554

555

556

557

558

559

- Mackie, I. M. (1997). Methods of identifying species of raw and processed fish. In G.
M. Hall (Ed.), Fish Processing Technology (pp. 160-199). London: Blackie Academic
and Professional.

- Maitena, U., Katayama, S., Sato, R., & Saeki, H. (2004). Improved solubility and
stability of carp myosin by conjugation with alginate oligosaccharide. Fisheries Science,
70, 896-902.

- Mohan, M., Ramachandran, D., Sankar, T. V., & Anandan, R. (2007). Physicochemical

characterization of muscle proteins from different regions of mackerel (Rastrelliger

kanagurta). Food Chemistry, 106, 451-457.

- Okubo, K., Yamano, K., Qin, Q., Aoyagi, K., Ototake, M., Nakanishi, T., Fukuda, H., &
Dijkstra, J. M. (2002). Ubiquitin genes in rainbow trout (Oncorhynchus mykiss). Fish &
Shellfish Immunology, 12, 335-351.

- Pepe, T., Ceruso, M., Carpentieri, A., Ventrone, I., Amoresano, A., Anastasio, A.
(2010). Proteomic analysis for the identification of three species of Thunnus. Veterinary
Research Communications, 34 (Suppl 1), S153-S155.

- Pigott, G. M., & Tucker, B. W. (1990). Food from the sea. In G. M. Pigott, & B. W.
Tucker (Eds.), Seafood: effects of technology on nutrition (pp. 1-30). New York: Marcel
Dekker, Inc.

- Pineiro, C., Vazquez, J., Marina, A. I., Barros-Velazquez, J., & Gallardo, J. M. (2001).
Characterization and partial sequencing of speciesspecific sarcoplasmic polypeptides
from commercial hake species by mass spectrometry following 2-DE analysis.

Electrophoresis, 22, 1545-1552.

26



560

561

562

563

564

565

566

567

568

569

570

o971

572

573

o574

575

576

S77

578

579

580

581

582

- Pineiro, C., Barros-Velazquez, J., Vazquez, J., Figueras, A., & Gallardo, J. M. (2003).
Proteomics as a tool for the investigation of seafood and other marine products. Journal
of Proteome Research, 2, 127-135.

- Rustad, T. (2003). Utilisation of marine by-products. Electronic Journal of
Environmental, Agricultural and Food Chemistry, 2, 458-463.

- Saeki, H., & Inoue, K. (1997). Improved solubility of carp myofibrillar proteins in low
ionic strength medium by glycosylation. Journal of Agricultural and Food Chemistry, 45,
3419-3422.

- Sanmartin, E., Arboleya, J. C., Villamiel, M., & Moreno, F. J. (2009). Recent advances
in the recovery and improvement of functional proteins from fish processing by-products:
use of protein glycation as an alternative method. Comprehensive Reviews in Food
Science and Food Safety, 8, 332-344.

- Sharp, P. M., & Li, W. H. (1987). Molecular evolution of ubiquitin genes. Trends in
Ecology & Evolution, 2, 328-332.

- Shevchenko, A., Wilm, M., Vorm, O., & Mann, M. (1996). Mass spectrometric
sequencing of proteins silver-stained polyacrylamide gels. Analytical Chemistry, 68, 850-
858.

- Smith, P.K., Krohn, R. I., Hermanson, G. T., Mallia, A. K., Gartner, F. H., Provenzano,
M. D., Fujimoto, E. K., Goeke, N. M., Olson, B. J., & Klenk, D. C. (1985). Measurement
of protein using bicinchoninic acid. Analytical Biochemistry, 150, 76-85.

- Suckau, D., Resemann, A., Schuerenberg, M., Hufnagel, P., Franzen, J., & Holle, A.
(2003). A novel MALDI LIFT-TOF/TOF mass spectrometer for proteomics. Analytical

and Bioanalytical Chemistry, 376, 952—965.

27



583

584

585

586

587

588

589

590

591

592

593

594

595

596

597

598

599

600

601

- Sun, H.-W., Hui, C.-F., & Wu, J.-L. (1998). Cloning, characterization, and expression in
Escherichia coli of three creatine kinase muscle isoenzyme cDNAs from carp (Cyprinus
carpio) striated muscle. Journal of Biological Chemistry, 273, 33774-33780.

- Waingeh, V. F., Gustafson, C. D., Kozliak, E. I., Lowe, S. L., Knull, H. R., &
Thomasson, K. A. (2006). Glycolytic enzyme interactions with yeast and skeletal muscle
F-actin. Biophysical Journal, 90, 1371-1384.

- Winnard, P., Cashon, R. E., Sidell, B. D., & Vayda, M. E. (2003). Isolation,
characterization and nucleotide sequence of the muscle isoforms of creatine kinase from
the Antarctic teleost Chaenocephalus aceratus. Comparative Biochemistry and
Physiology Part B: Biochemistry and Molecular Biology, 134, 651-667.

- Yamamoto, N., Ejiri, M., & Mizuno, S. (2003). Biogenic peptides and their potential
use. Current Pharmaceutical Design, 9, 1345-1355.

- Yokoyama, K. H., Chiba, H., & Yoshikawa, M. (1992). Peptide inhibitors for
angiotensin-I-converting enzyme from thermolysin digest of dried bonito. Bioscience,
Biotechnology, and Biochemistry, 56, 1541-1545.

- Yongsawatdigul, J., & Hemung, B.-O. (2010). Structural changes and functional
properties of threadfin bream sarcoplasmic proteins subjected to pH-shifting treatments

and lyophilization. Journal of Food Science, 75, C251-C-257.

28



602

603

604

605

606

607

608

609

610

611

612

613

614

615

616

617

618

619

620

621

622

623

624

FIGURE CAPTIONS.

Figure 1. SDS-PAGE analyses under reducing conditions showing fractionation of
proteins from canned tuna by-products. Lane 1: Marker proteins. Lane 2: sample 1-
soluble proteins at 0.16 M KCI 20 mM Tris-HCI (pH 7.5). Lane 3: sample 2 - soluble
proteins at 0.5 M KCI, pellet after 40% ammonium sulphate saturation. Lane: 4: sample 3
- soluble proteins at 0.5 M KClI, pellet after 55% ammonium sulphate saturation. Labelled

bands are described in the text and Table 1.

Figure 2. SDS-PAGE analyses under reducing conditions showing fractionation of
proteins from fresh red muscle tuna by-products. Lane 1: Marker proteins. Lane 2:
Soluble proteins at 0.1 M sodium phosphate buffer (pH 7) corresponding to the
sarcoplasmic fraction. Lane 3: Soluble proteins at 0.1 M sodium phosphate buffer, 0.5 M
NaCl (pH 7) corresponding to the myofibrillar fraction. Labelled bands are described in

the text and Table 2.

Figure 3. A) MASCOT results obtained for band no. 5 (identified as a-tropomyosin)
corresponding to the myofibrillar fraction extracted from fresh tuna by-products. Above
is represented the sequence coverage map obtained by PMF. Matched peptides are
represented in the table below including: start and end positions of the peptide sequence
starting from the amino acid terminal of the whole protein, the observed m/z, transformed
to its experimental mass (Mr(expt)), the calculated mass (Mr(calc)) from the matched

peptide sequence, as well as their mass difference (in ppm), the number of missed
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cleavage sites for trypsin (Miss), and the peptide sequence. B) List of fragmented ions
obtained (in red) vs. total predicted ions for MS/MS fragmentation of peptide at

2107.0408 Th, which achieve extensive statistical significance (MASCOT score of 137).

Figure 4. A) MASCOT results obtained for band no. 20 (identified as myoglobin)
corresponding to the sarcoplasmic fraction extracted from fresh tuna by-products. Above
is represented the sequence coverage map obtained by PMF. Matched peptides are
represented in the table below including: start and end positions of the peptide sequence
starting from the amino acid terminal of the whole protein, the observed m/z, transformed
to its experimental mass (Mr(expt)), the calculated mass (Mr(calc)) from the matched
peptide sequence, as well as their mass difference (in ppm), the number of missed
cleavage sites for trypsin (Miss), and the peptide sequence. B) List of fragmented ions
obtained (in red) vs. total predicted ions for MS/MS fragmentation of peptide at

1242.6456 Th.which achieve extensive statistical significance (MASCOT score of 56).
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Table 1. Identified proteins of by-products from canned tuna after in-gel trypsin digestion under reducing conditions and combined
PMF and PFF analyses.

SDS- Identified protein Theoretical Number of matched | % Covered | Mowse Sequenced peptides by Actinopterygii
PAGE (NCBI database entry) mass (kDa) peptides / total sequence score MS/MS (ion score) Genera (common
band?® observed peptides name)

Ubiquitin Salmo salar
3 8.6 6/11 52.7 177 IQDKEGIPPDQQR (68)
(G1:223646272) (Atlantic salmon)
B-Hemoglobin Thunnus thynnus
4 16.2 3/12 16.4 132 CLIVYPWTQR (88)
(GI:122701) (Bluefin tuna)
Tropomyosin Thunnus thynnus
5 32.7 16 /23 40.0 304 IQLVEEELDRAQER (105)
(G1:38175083) (Bluefin tuna)

& Bands corresponding to Figure 1.
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Table 2. Identified proteins corresponding to the myofibrillar and sarcoplasmic fractions isolated from by-products of skeletal red

muscle of fresh tuna after in-gel trypsin digestion under reducing conditions and combined PMF and PFF analyses.

Protein SDS- Identified Theoretical Number of % Mowse | Sequenced peptides by MS/MS Actinopterygii
Fraction PAGE protein (NCBI mass (kDa) matched Covered | score (ion score) Genera
band? database entry) peptides / total | sequence (common name)
observed
peptides
Ventricular ILNPAAIPEGQFIDSR (46)
Danio rerio
1 myosin heavy 2233 20/50 12 139 STHPHFVR (25)
(Zebra fish)
chain (G1:82175142)
Myosin, heavy
polypeptide 1.1, Danio rerio
o 2 2225 13/34 8 78
Myofibrillar skeletal muscle (Zebra fish)
(G1:288856329)
LOC554876 . .
Danio rerio
(Zebra fish)
(G1:113674097)
4 Muscle-type 43.3 12/47 30 236 GTGGVDTASVGGVFDISNADR Oreochromis
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creatine kinase

CKM1

(G1:21694041)

(70)
GFTLPPHNSR (40)

TFLVWVNEEDHLR (29)

mossambicus
(Tilapia

mossambica)

skeletal o-actin

SYELPDGQVITIGNER (98)

Sparus aurata

42.2 12/47 40 231
(G1:6653228) AVFPSIVGRPR (30) (Sea bream)
IQLVEEELDR (56)
KLVIIEGDLER (46)
Tropomyosin Thunnus thynnus
32.8 14 /51 34 270 KYEEVAR (20)
(G1:38175083) (Bluefin tuna)
RIQLVEEELDR (20)
LVIIEGDLER (18)
Fast skeletal )
Misgurnus
myosin Light -
16.2 5/18 26 65 fossilis
chain 3
(Weatherfish)
(G1:68132180)
Phosphorylase,
glycogen Danio rerio
Sarcoplasmic 97.4 15/51 21 126
(muscle) A (Zebra fish)

(G1:66472494)
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Pyruvate kinase

Salmo salar

10 58.9 9/47 20 65
(G1:197632483) (Atlantic salmon)
Pyruvate kinase Salmo salar
11 58.9 11/51 19 96
(G1:197632483) (Atlantic salmon)
Isocitrate
dehydrogenase 2
Danio rerio
12 (NADP+), 50.9 9/49 21 72
(Zebra fish)
mitochondrial
(G1:41054651)
Enolase 3 (8 . .
Danio rerio
(Zebra fish)
(G1:68086449)
Muscle-type .
Oreochromis
creatine kinase .
14 43.0 15/49 32 156 mossambicus

CKM2

(G1:21694043)

(Tilapia
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mossambica)

Glyceraldehyde

3-phosphate

Misgurnus

AGLDAGGQTALR (76)

17 36.0 6/51 24 63 anguillicaudatus
dehydrogenase
(Weather Loach)
(G1:119943230)
Triose phosphate Poecilia
19 isomerase B 26.9 7151 27 70 reticulata
(G1:126211567) (Guppy)
CWGPVEADYTTIGGLVLTR
Myoglobin (GI: Thunnus alalunga
20 15.7 10/51 71 301 (137)
9930588) (Albacore tuna)

& Bands corresponding to Figure 2.
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Figure 1. Sanmartin et al.
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Figure 2. Sanmartin et al.
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Figure 3. Sanmartin et al.

LKLDKENALD
SEALKDAQEK
TKLEEAEKAA
KYEEVARKLV
AEKYSQKEDK
YAQKLKYKAI

Matched peptides

A)
1 MDAIKKKMQM
51 KGTEDELDKY
101 RAQERLATAL
151 AKHIAEEADR
201 TNNLKSLEAQ
251 KTIDDLEDEL
Start - End
13 - 21
36 - 48
38 - 48
77 - 90
78 - 90
91 - 101
92 - 101
92 - 105
153 - 160
161 - 167
168 - 178
169 - 178
206 - 213
252 - 264
B)

Monoisotopic mass of

Observed
1073.5678
1472.7723
1257.6832
1460.7561
1332.6736
1399.7773
1243.6707
1727.9035

940.4485

894.4632
1284.7732
1156.6689

875.4231
1552.7724

RAEQAESDKK
LELAEKKATD
DESERGMKVI
ITIEGDLERTE
YEEEIKVLTD
SEELDHALND

shown in

Mr (expt)
1072.5606
1471.7650
1256.6760
1459.7489
1331.6663
1398.7700
1242.6635
1726.8963

939.4413

893.4560
1283.7659
1155.6616

874.4159
1551.7652

neutral peptide Mr(calc):

MS/MS Fragmentation of IQLVEEELDR
Found in gi|38175083, tropomyosin [Thunnus thynnus]

ASEERSKQLE DDLVGLQKKL
AEGEVASLNR RIQLVEEELD
ENRAMKDEEK MELQEIQLKE
ERAELSEGKC SELEEELKTV
KLKEAETRAE FAERSVAKLE
MTSI
Bold Red
Mr (calc) Ppm
1072.5513 9
1471.7882 -16
1256.6612 12
1459.7267 15
1331.6317 26
1398.7467 17
1242 .6456 14
1726.8849 7
939.4410 0
893.4606 -5
1283.7449 16
1155.6499 10
874.4396 -27
1551.7304 22
1242.6456

Miss Sequence

1

coorHrrOrROROKROHR

ARARDORIIDARRRTIR

.LDKENALDR.A
. SKQLEDDLVGLOQK . K
.QLEDDLVGLOK.K
.KATDAEGEVASLNR.R
.ATDAEGEVASLNR.R
.RIQLVEEELDR.A
.IQLVEEELDR.A
. IQLVEEELDRAQER. L
.HIAEEADR.K
.KYEEVAR.K
.KLVIIEGDLER.T
.LVIIEGDLER.T
.SLEAQAEK.Y
.TIDDLEDELYAQK.L

(Ions score 20)
(Ions score 56)

(Ions score 20)
(Ions score 406)
(Ions score 18)
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Ions Score: 56 Individual ions scores > 51 indicate identity or extensive homology (p<0.05).

# Immon. b y Seq.
1 86.0964 114.0913 I
2 101.0709 242.1499 1130.5688 Q
3 86.0964 355.2340 1002.5102 L
4 72.0808 454.3024 889.4262 \
5 102.0550 583.3450 790.3577 E
6 102.0550 712.3876 661.3151 E
7 102.0550 841.4302 532.2726 E
8 86.0964 954.5142 403.2300 L
9 88.0393 1069.5412 290.1459 D

10 129.1135 175.1190 R
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Figure 4. Sanmartin et al.

A)

1 MADFDAVLKC WGPVEADYTT
51 LAGNAAISAH GATVLKKLGE
101 KLISEVLVKV MQEKAGLDAG

Matched peptides

Start

1

10
32
43
43
76
76
93
15

127
127

B)

Monoisotopic mass of neutral peptide Mr(calc):

- End
- 28
- 38
- 66
- 67
- 92
- 92
- 101
- 126
- 141
- 141

Observed
0934 2107.0861 2107.

2108.

854
2267
2395.
1749.
1765.
1110.
1129.
1663.
1679.

Mr (expt)

.3234 853.3161 853.
.2976 2266.2904 2266.

4254 2394.4182 2394.
9171 1748.9098 1748.
8901 1764.8829 1764.
6326 1109.6253 1109.
5968 1128.5895 1128.
8744 1662.8671 1662.
8795 1678.8723 1678.

MS/MS Fragmentation of CWGPVEADYTTIGGLVLTR
Found in gi|118595817, Myoglobin

Ions Score:

shown in Bold Red

Mr (calc)

IGGLVLTRLEF KEHPDTQKLF PKFAGIAQAD
LLKAKGSHAS ILKPMANSHA TKHKIPINNF
GQTALRNVMG IIIADLEANY KELGFTG

ppm
0408 21
3930 -90
2070 37
3019 49
8992 6
8941 -6
6345 -8
5887 1
8651 1
8600 7
2107.0408

# Immon. b y Seq.
1 133.0430 161.0379 C
2 159.0917 347.1172 1948.0175 w

Miss Sequence

0

oOookrookroo

WHARARARRRRRR

137 Individual ions scores > 51 indicate identity or extensive homology (p<0.05).

(M)

.CWGPVEADYTTIGGLVLTR.L (Ions score 137)
.EHPDTQK.L
.FAGIAQADLAGNAAISAHGATVLK.K
.FAGIAQADLAGNAAISAHGATVLKK.L
.GSHASILKPMANSHATK.H
.GSHASILKPMANSHATK.H Oxidation (M)
.HKIPINNFK.L
.AGLDAGGQTALR.N (Ions score 76)
.NVMGIIIADLEANYK.E
.NVMGIIIADLEANYK.E Oxidation
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3 30.0338 404.1387| 1761.9381 G
4 70.0651 501.1915 1704.9167 P
5 72.0808 600.2599, 1607.8639 \
6 102.0550 729.3025| 1508.7955 E
7 44.0495 800.3396, 1379.7529 A
8 88.0393 915.3665 1308.7158 D
9 136.0757| 1078.4299, 1193.6889 Y
10 74.0600( 1179.4775| 1030.6255 T
11 74.0600{ 1280.5252 929.5778 T
12 86.0964| 1393.6093 828.5302 |
13 30.0338| 1450.6307 715.4461 G
14 30.0338| 1507.6522 658.4246 G
15 86.0964| 1620.7363 601.4032 L
16 72.0808| 1719.8047 488.3191 \
17 86.0964| 1832.8888 389.2507 L
18 74.0600{ 1933.9364 276.1666 T
19 129.1135 175.1190 R
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