
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 24 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Liquid Chromatography & Related Technologies
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597273

Analytical Peptide Mapping of a Complex Yellowfin Tuna Myoglobin
Peptic Hydrolysate by High Performance Liquid Chromatography
C. Le Coeura; Q. Zhaoa; I. Garreaua; F. Sanniera; M. Mauriceb; P. Durandb; J. M. Piota

a Laboratoire de Génie Protéique Pôle des Sciences et Technologies, Université de la Rochelle Av.
Marillac, La Rochelle, Cedex, France b Laboratoire de Valorisation des Produits de la Mer, IFREMER,
Rue de l'Ile d'Yeu, Nantes, Cedex, France

To cite this Article Coeur, C. Le , Zhao, Q. , Garreau, I. , Sannier, F. , Maurice, M. , Durand, P. and Piot, J. M.(1995)
'Analytical Peptide Mapping of a Complex Yellowfin Tuna Myoglobin Peptic Hydrolysate by High Performance Liquid
Chromatography', Journal of Liquid Chromatography & Related Technologies, 18: 12, 2353 — 2371
To link to this Article: DOI: 10.1080/10826079508013968
URL: http://dx.doi.org/10.1080/10826079508013968

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597273
http://dx.doi.org/10.1080/10826079508013968
http://www.informaworld.com/terms-and-conditions-of-access.pdf


JOURNAL, OF LIQUID CHROMATOGRAPHY, 18(12), 2353-2371 (1995) 

ANALYTICAL PEPTIDE MAPPING OF A 
COMPLEX YELLOWFIN TUNA MYOGLOBIN 
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ABSTRACT 

A method is described for a real identification of any peptides isolated from a 
complex peptic Yellowfin tuna red muscle myoglobin hydrolysate. A 
combination of size exclusion and reversed phase high performance liquid 
chromatography have proved to be a useful strategy for fractionation of such a 
mixture. This technique enable a large number of pure peptides from the total 
hydrolysate to be obtained. Peptides were identified and located on the known 
myoglobin sequence from their amino acid content determined by the Pico-Tag 
method and a second order derivative spectroscopic method. Location of the 
peptides allowed us to define effective cut sites of the porcine pepsin. The 
procedure described in this study will be useful for acquiring a better knowledge 
of such an hydrolysate. 
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2354 LE COEUR ET AL. 

Proteins which have nutritional qualities as food additives or health qualities 

as cosmetics additives, are of high valorization potential. In addition to the 

proteins obtained from conventional sources (terrestrian mammals) which have 

been largely used these past few years, a new field of molecules issued from non 

conventional sources has emerged. Thus, recent studies carried out on terrestrian 

vegetables, seaweeds, and fishes allowed to considere these proteins as good 

candidates for the replacement of the first ones. For instance, casein hydrolysates, 

which constitute one of the most classical protein source [ 1, 21, may be replaced 

by soybean, wheat or fishes hydrolysates for animal feeding and nutritional 

therapy [3-61. Furthermore, it was demonstrated that many edible proteins could 

lead to biologically active peptides when they are digested by gastrointestinal 

proteolytic enzymes [7-91. Thus, it was suggested that food proteins could both 

constitute a nitrogen source and exert a biological role. 

In this paper, tuna fish myoglobin was investigated. Tuna fish is an important 

source of myoglobin considering the high concentration found in tuna red muscle 

[lo]. In addition, large amounts of tuna red muscle are available. Until now, tuna 

red muscle valorization was limited to pet food and other feeding manufacturing 

products. In myoglobin, the protein entity is associated to heminic iron. So, it 

could constitute not only a potential source of peptides, which have been 

demonstrated to be the best nitrogen intestinal absorption way [ll-121, but also a 

source of hemin which is the most bioavailable iron form [13-141. Moreover, as 

far as biologically active peptides or heminic peptides are concerned, none of 

them have ever been characterized from a myoglobin enzymatic hydrolysate. Up 

to now, hydrolyses have only been performed to determine the protein sequence 

and to understand myoglobin functional properties as oxygen carrier [ 15-17]. The 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
3
9
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



TUNA MYOGLOBIN PEPTIC HYDROLYSATE 2355 

purpose of our work was to characterize a myoglobin hydrolysate prior to further 

studies as to its nutritional or bioactive peptides. A physiological enzyme, pepsin, 

was employed to hydrolyse yellowfin-tuna myoglobin. Peptides of this 

hydrolysate were purified by a chromatographic method associating size 

exclusion HPLC (SE-HPLC) and reversed phase HPLC (RP-HPLC) [ 181. The 

identification and the location of the different peptides in the known myoglobin 

structure were then realized by aminoacid analysis completed with a second order 

derivative spectroscopic method to detect aromatic amino acids [ 191. Moreover, 

we compared the specificity of pepsin towards peptidic bonds with that 

previously described in the literature [20]. 

MATERIALS AND METHODS 

Materials 

Red squeletal muscle of yellowfin-tuna was supplied from Paulet Society 

(Douarnenez, France). Porcine pepsin (EC.3.4.23, 496 Anson unity) was 

purchased from Sigma. Amino acid analysis reagents were obtained from Pierce. 

Acetonitrile was of HPLC grade. Other chemicals were of analytical grade. All 

aqueous HPLC eluants were filtered prior to use on 0.45 pm filters, and degassed 

with helium during analysis. 

All HPLC analysis were performed with a Waters 600E gradient controler- 

pump module, a Waters Wisp 7 17 automatic sampling device, and a Waters 996 

photodiode array detector. Spectral and chromatographic data were stored on a 

NEC image 466 computer. Millenium software was used to plot, acquire and treat 

chromatographic data. 
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2356 LE COEUR ET AL. 

Purification of Yellowfin-tuna Mvoglobin 

Myoglobin was isolated from the red squeletal muscle of yellowfin-tuna using 

a method adapted from Suzuki and Sugawara's procedure [21]. The tissue was 

homogeneized in distilled water (1: 1, w:v) in an ice-cold waring blendor. The 

resulting suspension was centrifuged, (3000 g, 15 min), at 4°C and solid 

ammonium sulfate was added to the aqueous extract to give 60% saturation. 

After centrifugation (3000 g,  15 min at 4°C) the pellet, almost free from 

myoglobin, was discarded. Ammonium sulfate was then added to the supernatant 

to reach 80% saturation, and the resulting solution was centrifuged (3000 g, 15 

min). The whole pellet including myoglobin was dissolved in water and then 

ultrafiltered and diafiltered (FTGC type membrane, Millipore, 10 KD cut-off ) 

against water. The crude resulting solution, containing myoglobin, but also 

hemoglobin and other water soluble proteins, was loaded on a D.E.A.E. Sephacel 

column (32x3cm i.d.) previously equilibrated with 50mM TRIS-HCl buffer (pH 

8.6) according to Brown [22]. The flow rate was 60 mlh. 

Enzymatic Hydrolysis 

Myoglobin (lg) was dissolved in water (IOOml), and the pH was adjusted at 

2.0 by HCI. Enzymatic digestion by porcine pepsin (40mg) was performed in 

batch at 40°C for 3h. The pH was maintained at 2.0 by HCI using a Methrom 

pHstat. The degree of hydrolysis (DH) was deduced from the volume of HCI 

consumed during the reaction [23, 241. In order to stop the reaction, the pH was 

adjusted to 6.5 with ammonium hydroxide. Insoluble core (proteins partly 

hydrolysed, large peptides and heme) was removed from the peptic digest by 
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TUNA MYOGLOBIN PEPTIC HYDROLYSATE 2357 

centrifugation (lOOOOg, 30min). The soluble peptidic mixture was then resolved 

by size exclusion and reversed phase HPLC. 

SE-HPLC 

Before hydrolysis, myoglobin purity was checked by SE-HPLC with a TSK 

G2000 SWG analytical column (600x 7.5mm i.d.). The column was equilibrated 

with 5mM ammonium acetate/acetic acid buffer, pH 6.0. The proteins were 

eluted with the same buffer at a flow rate of 0.9 ml/min. 

SE-HPLC of peptides generated from the myoglobin peptic digestion was 

performed using a semi-preparative TSK G 2000 SWG column (600~21.5 mm 

i.d.). The column was equilibrated with 3mM ammonium acetate/acetic acid 

buffer, pH 6.0. The peptidic mixture was filtered through 0.22ym filters before 

being applied to the column and peptides were eluted with the equilibrating 

buffer at a 6ml/min flow rate. Absorbance was monitored at 215 nm. Peptidic 

fractions, determined on the basis of UV absorbance, were manually collected 

and then freeze dried before being applied to the RP-HPLC. 

RP-HPLC 

Analysis of the peptidic fractions issued from SE-HPLC was carried out on a 

Delta Pak C18 reversed phase column (300x3,9mm i.d.) previously equilibrated 

with lOmM ammonium acetate/acetic acid buffer, pH 6.0 (eluant A). Peptidic 

fractions were reconstituted in eluant A, and filtered through 0.22ym filters 

before being injected on the column. The analysis was performed with a linear 

gradient of acetonitrile (eluant B) optimized for each fraction. The flow rate was 
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2358 LE COEUR ET AL. 

lSrnl/min. UV absorbance of the peptides was monitored at 215 nm. The pure 

peptides obtained from the RP-HPLC column were then freeze dried. 

Amino Acid Analvsis 

Each peptide purified by RP-HPLC was hydrolysed with 6M hydrochloric 

acid containing 1 % phenol, for 24 h at 110°C in sealed glass tubes, using a 

Waters Pico-Tag station. Amino acids were then analyzed on a Waters RP-Pico- 

Tag column (150x3.9mm i.d.). Precolumn derivatization of amino acids with 

phenyl isothiocyanate and HPLC separation of derivatized amino acids was 

performed according to Bidlingmeyer et al [25].The detection wavelength was 

254 nm and the flow rate Iml/min. 

Tryptophan could not be detected by this method, because it was destroyed 

during acid hydrolysis. So, the presence of tryptophan (Trp) and other aromatic 

amino acids, tyrosine (Tyr) and phenyl alanine (Phe) in peptides was determined 

by a derivative spectroscopic method [19]. In fact, it has been demonstrated that 

the second order derivative spectrum allowed to detect aromatic amino acid since 

their second order derivative spectra exhibited a minimum at 258.5, 283.5, and 

289.5 nm for Phe, Tyr and Trp respectively. 

RESULTS AND DISCUSSION 

Myoglobin was extracted from tuna squeletal red muscle and purified by 

successive ammonium sulfate fractionation, and ion exchange chromatography. 

Myoglobin was first eluted with 50mM TRIS-HCI buffer, pH 8.6 (fig. 1). 

Hemoglobin and other contaminants were subsequently eluted with the same 
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Figure 1. Preparative chromatography on a D.E.A.E. Sephacel column, (320 x 
30 mm i.d) of a Yellowfin tuna red muscle extract. Equilibrating buffer: Tris/ 
HCl 50mM, pH 8.6. Eluting buffers: Tris/ HCl 50mM, pH 8.6 and Tris/HCl 
50mM, pH 8.6, NaCl0.2M. Flow rate: 1.6ml/min. 

buffer containing 0.2M NaCl. After extraction and purification, the yield of 

myoglobin was approximately 56% (w,w). 

Yellowfin tuna myoglobin was digested by pepsin for three hours, resulting in 

a DH of 26% (fig. 2). The generated peptides were resolved by size exclusion 

HPLC. Fifty injections were performed on the basis of 20mg of total hydrolysate 

per run. The same elution pattern was obtained for each injection. The 

chromatogram exhibits seven fractions, numbered I to VII (fig. 3). These 

fractions were manually collected, pooled, and freeze dried. They were then 
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Figure 2. Peptic hydrolysis of Yellowfin tuna myoglobin. 
Myoglobin (lg/lOOml) was digested by porcine pepsin (40mg/100ml) in a batch 
at pH 2.0 and 40°C. DH (Degree of Hydrolysis) was measured according to the 
method of Adler-Nissen [24] 

0 10 20 30 40 

Time (min) 
J 

Figure 3. Elution profile of peptic digest of myoglobin on a TSK G2000 SWG 
semi-preparative column (600~21.5 mm i.d.) equilibrated and eluted with 3.0 
mM ammonium acetate / acetic acid buffer, pH 6.0. Injection volume: 100~1  
(20mg of total hydrolysate). Flow rate: 6.0ml/min. 
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TUNA MYOGLOBIN PEPTIC HYDROLYSATE 2361 

TABLE 1 
AcetonitriIdArnrnonium Acetate Buffer Gradient Applied on a RP-HPLC Column, 

Optimized for Each Fraction. (Eluant A: l O m h 4  Ammonium AcetatdAcetic Acid Buffer, 
pH 6.0, Eluant B: Acetonitrile). 

Fraction Time Flow rate 1 (rnin) 1 (rnllrnin) 
I, I1 0 I .5 

6 1.5 
56 1.5 
60 1.5 

111, IV 0 1.5 
56 1.5 
60 1.5 

V 0 1.5 
5 1.5 

55 1.5 
58 1.5 

VI 0 1.5 
45 I .5 
41 1.5 
50 1.5 

VII 0 1.5 

1.5 
1.5 

100 
100 0 
72 28 

I 0 0  
100 
70 30 

dissolved in lOmM ammonium acetate buffer pH 6.0 to a final peptide 

concentration of lOmg/ml, and applied to a Deltapak C18 column (lmg per run). 

In order to improve optimal separation of peptides having largely different 

hydrophobicities, a specific gradient of acetonitrile/ammonium acetate buffer 

(lOmM, pH6,O) was applied for each fraction (Table 1). 

The chromatograms issued from the RP-HPLC separation are presented in 

figure 4. Four injections of each fraction (I to VII) were performed and 

individual resulting peaks were collected separately. They have been denoted 

according to the process of isolation and are represented by Arabic numerals 

following the Roman numerals. Each peak was checked for homogeneity by RP- 

HPLC. Thus, eighty-three peptides were collected and freeze dried before amino 

acid analysis. 
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Figure 4. Purification by RP-HPLC on a Deltapak C18 column of the fractions I 
to VII issus from SE-HPLC. Injection volume: 100~1 (lmg peptides). Flow rate: 
lSml/min. 
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Figure 5. Amino acid analysis of the peptides 1-3 and 1-4. 
_TOD: elution profiles of PTC-amino acids for the peptides 1-3 (A) and 1-4 (B). 
Peptides amino acids were converted into their PTC derivatives and separed by 
RP-HPLC on a Pico-Tag column. 
Bottom: second order derivative spectra of the peptides 1-3 (C) and 1-4 (D). 

Amino acid analysis of each peptide was performed on the Waters Pico-Tag 

column after converting amino acids into their PTC (phenylthyocarbamyl) 

derivatives. This analysis was completed with the second order derivative 

spectroscopic method [19]. As an example, the amino acids analysis profiles and 

the second order derivative spectra of the peptides 1-3 and 1-4 are shown in figure 

5. The amino acid analysis allowed us to detect the presence of the amino acids 

Ala, Asp, Phe in peptide 1-3 (fig. 5a) and Leu, Lys, Cys, Gly, Pro, Val, Glu, Ala, 
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Asp in peptide 1-4 (fig. 5b). The presence of Phe in the first peptide was 

confirmed by the second order derivative spectroscopic method since a minimum 

was observed at 259 nm (fig. 5c). For the second peptide, a minimum at 289,5 

nm revealed the presence of tryptophan, which could not be detected by classical 

amino acid analysis (fig. 5d). Thus, the identification and location of each peptide 

purified by RP-HPLC was carried out by the comparison of amino acid 

composition with the known myoglobin sequence [ 161 (Table 2). 

Peptides molecular weights were deduced from amino acid compositions. So, 

by peptic hydrolysis of myoglobin, fragments ranging from about 200 to 2000 

Daltons (2 to 20 amino acids) were generated. As far as peptides size is 

considered in SE-HPLC, it can be observed that there was no correlation between 

retention time and molecular weight. Thus, after TSK gel filtration, most of the 

largest peptides were eluted in fractions V and VII (fig. 6). Many factors such as 

hydrophobicity and electric charges can affect the behavior of the peptides during 

size exclusion chromatography [26]. Owing to this complexity, size exclusion 

chromatography could be performed only to get a rough separation of peptidic 

fractions for further RP-HPLC analysis and also to access the reproductibility of 

the hydrolysate. Taking the complexity of the hydrolysate into account, this two 

steps separation was particularly effective for the purification of most of the 

peptides released by myoglobin peptic digestion. In fact, even for the complex 

peptidic fractions In,  V and VI, the high resolution allowed to identify 

unambiguously the major but also the minor peptides. 

More than 50% of the peptides identified in the myoglobin hydrolysate were 

constituted by less than 7 amino acids residues. This result is in good agreement 

with the known characteristics of pepsin [27] which is one of the physiological 
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16 - 

14 - 

12 - 

1 2 3 4 5 6 7 

Peptidic fractions 

Figure 6. Peptides middle size distribution of each peptidic fraction obtained by 
SE-HPLC (in amino acids). 

proteases exhibiting the lowest specificity. It could be observed that some 

peptides seemed to be broken down into other peptides, e.g. peptide V-11 is 

partly converted into 111-17 and 11-10 and peptide 111-6 into 111-7. The location of 

these peptides in the myoglobin structure allowed us to specify the pepsin cut 

sites towards this protein in our hydrolysis conditions. Effective pepsin cut sites 

on myoglobin and theoretical pepsin cut sites found in the literature were 

indicated in fig. 7. If some cleavage sites previously described were confirmed, 

new sites appeared in our study. This corroborated the weak specificity of 

pepsine and illustrated how it could be difficult to predict peptidic composition of 

such an hydrolysate. 
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4 t  i G J .  s - v  
I ALA ASP PHE ASP ALA VAL LEU LYS CYS TRP GLY PRO VAL 

PRO LYS c r i c r r  PHE ALA GLY ILE A M  GLN 'ALA 48 

* *  * *  * 

* 
t 129 GLY ILE ILE ILE ALA ASP LEU ' GLU' ALA ASN GLU LEU G L J  PHI! 144 

145 SER GLY 146 

Figure 7. Yellowfin tuna myoglobin sequence determined by Rice et al. [ 161 
4: pepsin cut sites observed during myoglobin hydrolysis in accordance with 
those described in the literature. 
4: pepsin cut sites observed during myoglobin hydrolysis and not described in the 
literature. 
V: pepsin cut sites described in the literature and not observed during myoglobin 
hydrolysis. 

It is well known that the end products of digestion, i.e. short oligopeptides and 

amino acids are not absorbed in a similar mode [28]. It was previously 

demonstrated that enteral infusions containing small peptides (di or tri peptides) 

were more efficiently assimilated than corresponding free amino acid mixture 

and displayed better nutritional value [29]. In other respects, nutritional studies 

have been carried out to provide a better understanding of the mechanisms 

involved in iron absorption. Different pathways could be concerned depending on 
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whether the iron is heme-iron or free-iron. It has been observed in previous 

studies that hemoglobin-iron and myoglobin-iron [ 141 were absorbed more 

efficiently than inorganic iron. Furthermore, it was established that the iron could 

enter intestinal cells as heme [14]. Moreover, the importance of the protein was 

suggested since it has been observed that the degraded globin increased heme 

absorption probably by binding the coordinating bonds of heme and preventing 

its polymerization [14]. More recently, it was suggested that small peptides could 

facilitate iron absorption into the intestinal mucosal cells [30]. 

In this work, we have demonstrated that peptic hydrolysis of yellowfin tuna 

myoglobin generated mostly small peptides. Eighty-three peptides have been 

purified and identified in the complex peptidic mixture. Most of them consisted 

of less than seven amino acids. It should be interesting to study the nutritional 

importance of this hydrolysate both for the nitrogen absorption as small peptides 

and iron absorption as iron-heme or peptide-iron-heme. Moreover, it would be a 

real chalenge to investigate the potential biological activity of these peptides. In 

fact, it has been established that peptic digestion of many proteins, especially of 

hemoglobin [31, 321, results in the production of subtances that were found to 

have opioyd-like activity. 
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