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Abstract Marine organisms represent a valuable source of nutraceuticals
and functional compounds. The biodiversity of the marine

environment and the associated chemical diversity constitute a

practically unlimited resource of novel active substances for the

developmentof bioactive products. Recently, a great deal of interest

has been expressed in marine-derived bioactive peptides because of

their numerous beneficial health effects. Moreover, several studies

have reported that marine bioactive peptides can be used as
Inc.
ved.

73



74 Anupam Giri and Toshiaki Ohshima
antihypertensive, antioxidative, anticoagulant, and antimicrobial

components in functional foods or nutraceuticals and pharmaceu-

ticals due to their therapeutic potential in the treatment or preven-

tion of disease. In this chapter, we provide an overview of bioactive

peptides derived from marine organisms as well as information

about their biological properties and mechanisms of action with

potential applications in different areas.
I. INTRODUCTION

With marine species comprising �50% of total global biodiversity, the sea
represents an enormous resource for novel compounds (de Vries and
Beart, 1995), and it has been classified as the largest remaining reservoir
of natural molecules to be evaluated for drug activity (Gerwick, 1987). The
importance of marine organisms as a source of novel bioactive substances
is growing rapidly. Moreover, much attention has been paid to unravel-
ing the structural, compositional, and sequential properties of bioactive
peptides. The discovery of the bioregulatory role of different endogenous
peptides in organisms as well as the characterization of the underlying
molecular mechanisms of action of some novel natural bioactive peptides
on specific cellular targets have contributed to the hypothesis that
peptides could represent promising lead drug candidates. Recently,
marine-derived peptides have opened a new area for the development
of pharmaceutical compounds (Miljanich, 1997).

Marine-derived bioactive peptides have been shown to possess many
physiological functions, including angiotensin I-converting enzyme
(ACE) inhibition and antihypertensive (Byun and Kim, 2001; Je et al.,
2005a), antioxidant (Kim et al., 2007; Mendis et al., 2005a), anticoagulant
( Jo et al., 2008; Rajapakse et al., 2005a), and antimicrobial (Liu et al., 2008;
Stensvag et al., 2008) activity. Moreover, some of these bioactive peptides
may have potential benefits for the promotion of human health and the
reduction of disease risk (Defelice, 1995; Shahidi and Zhong, 2008);
indeed, a role for food-derived bioactive peptides in the reduction of
risk for cardiovascular disease has been well demonstrated (Erdmann
et al., 2008). Further, increasing consumer awareness about the link
between diet and health has raised the demand for functional food ingre-
dients and nutraceuticals. Bioactive peptides derived from marine organ-
isms and the by-products from the processing of marine fish can
potentially be used for the development of functional foods (Ariyoshi,
1993; Jung et al., 2006a; Shahidi, 2007; Yamamoto, 1997).

Marine capture fisheries contribute tomore than 50% of the total global
production of fish, and >70% of this output is utilized for processing
(FAOSTAT, 2001). As a result, a considerable amount of the yearly total
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catch is discarded as processing leftovers, which include trimmings, fins,
frames, heads, skin, and viscera. In addition to fish processing, a large
quantity of the by-products from marine bioprocessing plants consists of
shells from crustaceans and shellfish. Therefore, there is a great potential
for the marine bioprocess industry to convert and utilize more of these by-
products as valuable products. Recent studies have identified a number of
bioactive compounds in the discarded fish muscle proteins, collagen,
gelatin, oil, bone, and internal organs and in shellfish and crustacean shells
( Je et al., 2005b; Jeon and Kim, 2000; Kim et al., 2001). Generally, the
production of foodstuffs for human consumption generates high levels
of profitability; however, even higher levels of profit are expected to be
derived from the production of bioactive compounds. Therefore, the
development of new technology to identify and isolate novel bioactive
compounds frommarine processing by-productswill increase the value of
what is currently considered awaste product, and this represents a unique
challenge and opportunity for the seafood industry.

This chapter provides an overview of the diversity of marine bioactive
peptides, their biological activity, and their potential use as nutraceutical
and pharmaceutical products.
II. EFFECT OF THE STRUCTURAL PROPERTIES OF PEPTIDES
ON BIOACTIVITY

Bioactive peptides are inactive in the context of their parent protein, but
can be released by enzymatic hydrolysis (Kim et al., 1999; Lahl and Braun,
1994). Depending on their amino acid sequence, they may have roles in
various biological processes such as opioid agonists or antagonists and
demonstrate antihypertensive immunomodulatory, antithrombotic, anti-
oxidant, anticancer, and antimicrobial activity, in addition to their use as
nutritional compounds (Clare and Swaisgood, 2000; Elias et al., 2008). On
the basis of their structure and other factors, including hydrophobicity,
charge, and microelement-binding properties, some bioactive peptides
exhibit multifunctional activity (Cho et al., 2008; Korhonen and Pihlanto-
Leppala, 2003).

Bioactive peptides usually contain 3–20 amino acid residues (Pihlanto-
Leppala, 2001), and the lower their molecular weight (MW), the higher
their chance to cross the intestinal barrier and exert biological effects
(Roberts et al., 1999). Previous work on antioxidative peptides has
shown that peptides with 5–16 amino acid residues can inhibit the autoxi-
dation of linoleic acid (Chen et al., 1995a). Lipid peroxidation is thought to
proceed via the radical-mediated abstraction of hydrogen atoms from
methylene carbons in polyunsaturated fatty acids (Rajapakse et al.,
2005b). Since the hydrophobicity of antioxidants is important for their
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accessibility to hydrophobic targets (Chen et al., 1996), it is presumed that
the presence of hydrophobic amino acids in the purified peptide might
contribute to their lipid peroxidation inhibitory activity by increasing the
solubility of peptides in lipids, thereby facilitating their improved inter-
action with radical species. In addition, the presence of a hydrophobic
amino acid at the N-terminus of peptide sequences is thought to be
important for their antioxidative activity (Chen et al., 1995b; Ranathunga
et al., 2006) because it is assumed that such amino acids can increase the
interaction between the peptides and fatty acids.

The specific amino acid composition of a peptide is a critical factor for
its ACE-inhibitory activity. Glu, Asp, Pro, Gly, and Ala are observed in
many ACE-inhibitory peptides derived from food proteins, for example,
Arg-Ala-Asp-His-Pro-Phe from albumin (He et al., 2004), Tyr-Gly-Leu
from whey (He et al., 2004), Ala-Glu-Leu from alga (He et al., 2004), Asp-
Leu-Pro from soy (He et al., 2004), Val-Pro-Pro from skimmed milk (Pan
et al., 2005), Leu-Ala-Ile-Pro-Val-Asn-Lys-Pro from soybean protein
(Kuba et al., 2005), and Gly-Pro-Pro from buckwheat (Ma et al., 2006). As
reported by Cushman et al. (1981), the active sites of two domains in ACE
are structurally and functionally homologous to a dipeptidyl carboxypep-
tidase, and the zinc coordination geometry is critical for their hydrolytic
action. However, these two catalytic sites are differentially activated by
chloride ions, and the physiological substrate angiotensin-I preferentially
binds to the catalytic site of the C domain. The substrate also contributes
to the chloride-mediated activation of the active site. Therefore, these
differences indicate that, despite the high level of primary sequence
homology, there are structural and functional differences between the
active sites of the C and N domains. Three subsites, S1 (antepenultimate),
S0 1 (penultimate), and S0 2 (ultimate), with distinct characteristics for the
binding of the carboxy-terminal amino acids of the substrate or inhibitor,
are located within two homologous active sites. For the binding and
interaction of the inhibitor and enzyme, these three main subsites bind
with the substrate. The binding of the inhibitor or the natural substrate to
the enzyme predominantly takes place via the carboxy-terminal tripep-
tide residues of the inhibitor and substrate. Certain C-terminus amino
acid residues of the inhibitor, for example, Pro and Phe, are reported to be
favorable for ACE inhibition; Ala and Val are more favorable at the
antepenultimate position (S1); while Pro and Leu in the substrate
sequence are most favorable at the ultimate position (S0 2) with regard
to its affinity for ACE (Cushman et al., 1981; Jung and Kim, 2007).

The antioxidant activity of peptides has been shown to be a result of
the cooperative effect of their entire amino acid sequence; however, there
is still little information concerning the structural characteristics of anti-
oxidative peptides. At present, the main strategy has been to identify and
characterize antioxidative peptides from the hydrolysates of proteins;
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however, novel methods describing the relationship between the struc-
ture of the peptide and its antioxidative activity are needed to predict the
antioxidant potential of food protein hydrolysates. The Muramoto
research group investigated the residue–activity relationship of antioxi-
dative peptides by combinatorial chemistry (Chen et al., 1996, 1998; Saito
et al., 2003). They isolated six antioxidative peptides from soybean pro-
tein. On the basis of the smallest peptide, Leu-Leu-Pro-His-His, 28 syn-
thetic peptides were constructed and their antioxidant activity was
compared. The results indicated that the N-terminal Leu had no effect
on their antioxidant activity, while His and Pro played important roles in
this activity. Further analysis of 22 synthetic peptides containing His
residues demonstrated that His-containing peptides can act as metal-ion
chelators, active-oxygen quenchers, and hydroxyl radical scavengers
(Chen et al., 1998). Subsequently, the Muramoto group constructed two
series of tripeptide libraries (totaling 222 peptides) using combinatorial
chemistry to explore the antioxidative properties of these peptides.
Among the tested peptides, Tyr-(His, Lys, Arg)-Tyr was found to have
the highest antioxidant activity.

According to the results from structure–activity relationship modeling
by Li et al. (2011), the amino acid residue next to the C-terminus and the
N-terminus amino acid residue are more important for antioxidant activ-
ity than the C-terminus. An amino acid residue next to the C-terminus
with the ability to form hydrogen bonds and with low hydrophobicity
might have higher antioxidant activity. A basic amino acid at the
N-terminus with low hydrophobicity and a high hydrogen bond value
was also predicted to generate high antioxidant activity. An amino acid
residue next to the C-terminus with the ability to form hydrogen bonds
also has an impressive effect on antioxidant activity. Saito et al. (2003)
concluded that peptides containing Tyr-(His, Lys, Arg)-Tyr showed
the highest antioxidant activity. For peptides composed of four or more
amino acids, all of the four properties of the amino acid residue next to
the C-terminus contribute to the antioxidant activity. In addition, the
larger the hydrogen bonding and steric properties of this residue, the
lower its hydrophobicity and the higher its activity. Therefore, the basic
and acidic amino acids (Arg, Lys, His, Glu, and Asp) and the other
hydrophilic amino acids (Thr, Ser, Asn, and Gln) have either a high
value of hydrogen bonding or a high steric property with low hydropho-
bicity. In this position, they would have higher activity than the other
amino acids. The hydrophobicity of the N-terminal amino acid residue
is also very important for antioxidant activity, that is, the larger the
hydrophobicity, the higher is the activity. Many other studies also specu-
lated that hydrophobic amino acids on the N-terminus (Ala, Val, Leu, etc.)
play an important role in antioxidant activity (Chen et al., 1995a;
Tsuge et al., 1991).
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The electronic property of the amino acid on the C-terminus also has
an effect on antioxidant activity (Li et al., 2011), that is, the larger the
electronic property, the higher is the activity. The C-terminus is a polar
position that is thus affected by its electrostatic potential, to some extent;
therefore, the amino acids Trp, Glu, Leu, Ile, Met, Val, Tyr, etc. are suitable
at the C-terminus. Some researchers have speculated that the identity of
the amino acid on the C-terminus would play an important role in its
activity. Suetsuna (2000) separated and identified a radical scavenging
peptide, Tyr-Phe-Tyr-Pro-Glu-Leu, from casein hydrolysate, and it was
confirmed that the Glu-Leu on the C-terminus mainly contributed to its
antioxidant activity. Kim et al. (2009) speculated that the hydrophobic
property of the amino acid on the C-terminus, for example, Val and Leu,
had a distinct effect on the activity, as determined from the analysis of
antioxidative peptides derived from venison hydrolysate.

Chen et al. (1996) investigated 28 synthetic peptides that were based on
the antioxidative peptide Leu-Leu-Pro-His-His. They found that the dele-
tion of the C-terminus His decreased the activity, whereas the deletion of
the N-terminus Leu had no effect; therefore, it seemed that the C-terminus
was related to the antioxidative activity of the peptide, while the
N-terminus had no effect. Saito et al. (2003) pointed out that two
Tyr-containing tripeptides (Tyr-X-Tyr) showed higher activity than did
two His-containing tripeptides (His-X-His). According to the structural
characteristics, the hydrophobicity of an amino acid on the N-terminus is
the most important property for activity with respect to the same amino
acid in the central position; in addition, Tyr on the N-terminus has
stronger hydrophobicity than His. Therefore, it can be predicted that
Tyr-X-Tyr has higher activity than His-X-His.

In addition, Cacciuttolo et al. (1993) reported that Tyr, Trp, and Phe,
which have aromatic residues, can stabilize reactive oxygen species
through electron transfer. Davalos et al. (2004) reported that Trp, Tyr,
and Met have the highest antioxidant activity, followed by Cys, His,
and Phe. The remaining amino acids (Arg, Asn, Gln, Asp, Pro, Ala, Val,
Lys, Ile, Thr, Leu, Glu, and Gly) did not exhibit antioxidant activity.
Therefore, several amino acids, for example, Tyr, Met, His, Cys, and
Trp, are generally accepted as antioxidants that contribute to the activity
of identified peptides (Chen et al., 1995a; Hernandez-Ledesma et al., 2005;
Tsuge et al., 1991). The antioxidative activity of peptides containing His
has been attributed to the His residue because of the proton-donation
ability of the His imidazole group.

In summary, the structural characteristics of peptides with high anti-
oxidant activity are as follows: a hydrogen bonding and hydrophilic
amino acid residue in the position next to the C-terminus, a hydrophobic
amino acid residue at the N-terminus, and an electronic amino acid
residue at the C-terminus.
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III. BIOACTIVE PEPTIDES DERIVED FROM MARINE FISH

Peptides derived from fish proteins exert potent antioxidative activity in
different oxidative systems ( Jun et al., 2004; Kim et al., 2000; Rajapakse
et al., 2005a). There is increasing interest in identifying natural antioxida-
tive substances that do not have side effects, and these compounds have
the potential to address complications that arise from the oxidation of
biomolecules. Recently, a number of studies have demonstrated that
peptides derived from different marine protein hydrolysates act as poten-
tial antioxidants, for example, from marine fish such as hoki ( Je et al.,
2005a; Kim et al., 2007; Mendis et al., 2005a), tuna ( Je et al., 2007, 2008), cod
(Slizyte et al., 2009), Pacific hake (Samaranayaka and Li-Chan, 2008),
capelin (Amarowicz and Shahidi, 1997), scad (Thiansilakul et al., 2007),
Alaska pollock (Cho et al., 2008; Je et al., 2005b), conger eel (Ranathunga
et al., 2006), yellowfin sole ( Jun et al., 2004), and yellow stripe trevally
(Klompong et al., 2009; Table 5.1). The beneficial effects of marine-derived
bioactive peptides include scavenging for free radicals and reactive oxy-
gen species or preventing oxidative damage by interrupting the radical
chain reaction of lipid peroxidation (Mendis et al., 2005b; Qian et al., 2008;
Rajapakse et al., 2005b; Ranathunga et al., 2006). Kim et al. (2000) reported
that some peptides derived from fish showed stronger antihypertensive
activity by inhibiting the action of ACE than many other natural peptides.
These peptides exhibited in vivo activity by lowering the blood pressure in
spontaneously hypertensive rats (SHRs; Fujita and Yoshikawa, 1999; Je
et al., 2005a). Enzymatically hydrolyzed fish muscle peptides have also
demonstrated anticoagulant and antiplatelet properties in vitro, and these
results suggest the capability of fish peptides to inhibit the intrinsic
coagulation pathway (Rajapakse et al., 2005b). In addition, marine antico-
agulant proteins have been purified from blood ark shell ( Jung et al.,
2001), starfish (Koyama et al., 1998), and yellowfin sole (Rajapakse et al.,
2005a).

Kim et al. (1999) and Jung et al. (2005b) reported that fish peptides
can accelerate calcium absorption. Under many conditions, dietary
calcium becomes unavailable for absorption due to the formation of
insoluble compounds inside the dietary tract, and inadequate dietary
calcium is associated with a number of common and chronic diseases
including osteoporosis, osteoarthritis, cardiovascular disease (hyperten-
sion and stroke), diabetes, obesity, and cancer (Anderson and Garner,
1996). Further, fish protein hydrolysates contain hormone-like peptides
and growth factors that accelerate calcium absorption (Fouchereau-Peron
et al., 1999). These peptides are capable of binding to the cell surface
receptors on osteoclasts and have a role in calcium metabolism by
decreasing the number of osteoclasts. Therefore, these peptides could
be used in the treatment of osteoporosis and Paget’s disease. Further,



TABLE 5.1 Bioactive peptides derived from marine organisms

Marine resources Amino acid sequence/major amino acid in bioactive peptide Activity Reference

Fish

Big eye tuna
(muscle)

Trp-Pro-Glu-Ala-Ala-Glu-Leu-Met-Met-Glu-Val-Asp-Pro ACE inhibitor Qian et al. (2007)
H-Leu-Asn-Leu-Pro-Thr-Ala-Val-Tyr-Met-Val-Thr-OH Antioxidant Je et al. (2008)

Val-Lys-Ala-Gly-Phe-Ala-Trp-Thr-Ala-Asn-Glu-Glu-Leu-Ser Antioxidant Je et al. (2007)

Big eye tuna

(frame)

Gly-Asp-Leu-Gly-Lys-Thr-Thr-Thr-Val-Ser-Asn-Trp-Ser-Pro-

Pro-Lys-Try-Lys-Asp-Thr-Pro

Antihypertensive Lee et al. (2010)

Alaska pollock Gly-Pro-Leu ACE inhibitor Byun and Kim

(2001)

Val-Leu-Ser-Gly-Gly-Thr-Thr-Met-Ala-Met-Tyr-Thr-Leu-Val Antioxidant Jung et al. (2006a)

Sea bream Val-Ile-Tyr ACE inhibitor Fahmi et al. (2004)
Yellowfin sole Met-Ile-Phe-Pro-Gly-Ala-Gly-Gly-Pro-Glu-Leu ACE inhibitor Jung et al. (2006a)

Arg-Pro-Asp-Phe-Pro-Leu-Glu-Pro-Pro-Tyr Antioxidant Jun et al. (2004)

Horse mackerel

(skin)

Asn-His-Arg-Tyr-Asp-Arg Antioxidant Sampath et al.

(2011)

Croaker (skin) Gly-Asn-Arg-Gly-Phe-Ala-Cys-Arg-His-Ala Antioxidant Sampath et al.

(2011)

Conger eel Leu-Gly-Leu-Asn-Gly-Asp-Asp-Val-Asn Antioxidant Ranathunga et al.

(2006)
Hoki fish (skin) His-Gly-Pro-Leu-Gly-Pro-Leu Antioxidant Mendis et al. (2005a)

Seaweed

pipefish

(muscle)

Thr-Phe-Pro-His-Gly-Pro Antihypertensive Wijesekara et al.

(2011)

His-Trp-Thr-Thr-Gln-Arg Antihypertensive Wijesekara et al.

(2011)

Squid Phe-Asp-Ser-Gly-Pro-Ala-Gly-Val-Leu Antioxidant Mendis et al. (2005a)

Asn-Gly-Pro-Leu-Gln-Ala-Gly-Gln-Pro-Gly-Glu-Arg Antioxidant Mendis et al. (2005a)



TABLE 5.1 (continued)

Marine resources Amino acid sequence/major amino acid in bioactive peptide Activity Reference

Gly-Pro-Leu-Gly-Leu-Leu-Gly-Phe-Leu-Gly-Pro-Leu-Gly-Leu-

Ser

ACE inhibitor Alemán et al. (2011)

Oyster Cys, Leu, Glu, Asp, Phe, Tyr, Ile, and Gly Antimicrobial Liu et al. (2008)
Leu-Lys-Gln-Glu-Leu-Glu-Asp-Leu-Leu-Glu-Lys-Gln-Glu Antioxidant Qian et al. (2008)

Leu-Leu-Glu-Tyr-Ser-Ile Inhibitor of HIV-1

protease

Lee and Maruyama

(1998)

Leu-Leu-Glu-Tyr-Ser-Leu Inhibitor of HIV-1

protease

Lee and Maruyama

(1998)

Arg-Arg-Trp-Trp-Cys-Arg-X Inhibitory activity on

herpes virus

Zeng et al. (2008)

Mussel Glu-Ala-Asp-Ile-Asp-Gly-Asp-Gly-Gln-Val-Asn-Tyr-Glu-Glu-
Phe-Val-Ala-Met-Met-Thr-Ser-Lys

Anticoagulant Jung and Kim
(2009)

Leu-Val-Gly-Asp-Glu-Gln-Ala-Val-Pro-Ala-Val-Cys-Val-Pro Antioxidant Jung et al. (2007)

Phe-Gly-His-Pro-Tyr Antioxidant Jung et al. (2005b)

American lobster Gln-Tyr-Gly-Asn-Leu-Leu-Ser-Leu-Leu-Asn-Gly-Tyr-Arg Antimicrobial Battison et al. (2008)

Shrimp Pro-Arg-Pro Antimicrobial Bartlett et al. (2002)

Ile-Phe-Val-Pro-Ala-Phe ACE inhibitor Lun et al. (2006)

Sea urchin Cys Antimicrobial Li et al. (2008)

Clam Tyr-Asn ACE inhibitor Tsai et al. (2008)
Val-Glu-Val ACE inhibitor Tsai et al. (2006)

Val-Lys-Pro ACE inhibitor Tsai et al. (2006)

Sea cucumber Met-Glu-Gly-Ala-Gln-Glu-Ala-Gln-Gly-Asp ACE inhibitor Zhao et al. (2009)

Glu, Asp, Pro, Gly, and Ala Antihypertensive Zhao et al. (2007)
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acidic peptide fractions from Atlantic cod hydrolysate demonstrate
strong immunostimulatory effects, and treatment with these peptides
generated an oxidative burst in Atlantic salmon leucocytes (Gildberg
et al., 1996). Basically, immunomodulators enhance the production of
oxygen metabolites in macrophages, which are the primary source of
these oxygen metabolites, and thus determine the oxidative burst. Oxida-
tive burst reactions are of a major importance for the bactericidal power of
phagocytes.

Working on Alaska pollock (Theragra chalcogramma) backbones dis-
carded from industrial processing as a source of soluble calcium, Jung
et al. (2006a) identified a backbone peptide, Val-Leu-Ser-Gly-Gly-Thr-Thr-
Met-Ala-Met-Tyr-Thr-Leu-Val (MW: 1442Da), exhibiting an affinity for
calcium ions on the surface of hydroxyapatite crystals. This in vitro cal-
cium-binding assay also demonstrated that this peptide can solubilize a
similar amount of calcium as casein phosphopeptide; thus, it is possible to
provide a novel nutraceutical with a high bioavailability for calcium
through further studies with in vivo assays. Fish protein hydrolysates
obtained from cod backbones also enhanced product stability by prevent-
ing oxidative deterioration (Slizyte et al., 2009). The scavenging activity of
2,2-diphenyl-1-picrylhydrazyl (DPPH) showed that the antioxidative
activity of hydrolysates could be due to their ability to scavenge lipid
radicals. An increased degree of hydrolysis resulted in a slight increase of
DPPH radical scavenging activity. These results also show that it is
possible to obtain bioactive molecules from cod backbones by protein
hydrolysis (gastrin/cholecystokinin- and calcitonin gene-related pep-
tide-like peptides) and that the incorporation of cod hydrolysates into
foods could be beneficial.

According to Lee et al. (2010), the peptide Gly-Asp-Leu-Gly-Lys-Thr-
Thr-Thr-Val-Ser-Asn-Trp-Ser-Pro-Pro-Lys-Try-Lys-Asp-Thr-Pro, derived
from big-eye tuna frame protein hydrolysate, showed a strong suppres-
sive effect on the systolic blood pressure of SHRs, while its antihyperten-
sive activity was similar to that of captopril, a commercially available
antihypertensive drug. Further, they reported no side effects after the
administration of this antihypertensive peptide to rats. In addition,
these marine antihypertensive peptides exhibit stronger antihypertensive
activity in vivo than in vitro. The exact mechanisms underlying this phe-
nomenon have yet to be identified; however, it was suggested that bioac-
tive peptides have a higher tissue affinity and are eliminated more slowly
than captopril (Fujita and Yoshikawa, 1999).

To evaluate the immunomodulatory effects of marine oligopeptide
preparation (MOP) from chum salmon (Oncorhynchus keta), Yang et al.
(2009) demonstrated that MOP has the potential to enhance the immune
function of mice, including cellular immunity, humoral immunity, and
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natural killer cell function, but has no significant effect on the activity of
macrophages. Moreover, this positive immunomodulation by MOP is
most likely attributed to the stimulation of T helper (Th) cells, causing
the secretion of Th1 and Th2 cytokines. Therefore, as a novel food source,
MOP may have a beneficial effect on the immune function of consumers,
and consequently help to prevent disease. Further studies have been
recommended to determine and evaluate the clinical significance of
these findings, particularly in those with impaired immune function
and/or with cancer.

ACE-inhibitory peptides have been isolated from enzymatic hydroly-
sates of various sources of fish waste, for example, Alaska pollock skin
(Byun and Kim, 2001), sea bream scales (Fahmi et al., 2004), and yellowfin
sole frame protein ( Jung et al., 2006b). Enzymatically hydrolyzed fish skin
gelatin has higher antioxidant and antihypertensive activity than pep-
tides derived from fish muscle protein (Byun and Kim, 2001; Kim et al.,
2001; Mendis et al., 2005a,b). Gelatin peptides contain unique repeated
Gly-Pro-Ala sequences, and it is presumed that the antioxidative and
antihypertensive properties of gelatin peptides are associated with their
unique amino acid composition. In addition, these peptides can accelerate
the absorption of dietary calcium in animal models, thereby increasing
calcium bioavailability (Kim et al., 1998).
IV. BIOACTIVE PEPTIDES DERIVED FROM LOBSTER, SHRIMP,
AND CRABS

Marine-derived bioactive peptides are well described in the hemolymph
of many marine invertebrates (Tincu and Taylor, 2004), including spider
crab (Stensvag et al., 2008), American lobster (Battison et al., 2008), and
shrimp (Bartlett et al., 2002). Antimicrobial peptides (AMPs) in blue crab
hemolymph (Callinectes sapidus) were highly inhibitory to Gram-negative
bacteria (Edward et al., 1996). Although there are several reports on the
antibacterial activity of seminal plasma, few antibacterial peptides have
been identified in the mud crab (Scylla serrata; Jayasankar and
Subramonium, 1999). An AMP derived from American lobster (Homarus
americanus) exhibited bacteriostatic activity against some Gram-negative
bacteria and demonstrated protozoastatic and protozoacidal activity
against two scuticociliate parasites (Mesanophrys chesapeakensis and Ano-
phryoides haemophilia), the latter is a significant pathogen of H. americanus
(Battison et al., 2008). In addition, an AMP (arasin 1) derived from spider
crab (Hyas araneus) inhibited the growth of Corynebacterium glutamicum
(Stensvag et al., 2008).
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V. BIOACTIVE PEPTIDES DERIVED FROM SQUID, CLAMS, AND
SEA URCHINS

Peptides derived from a tryptic hydrolysate of jumbo squid (Dosidicus
gigas) skin gelatin exhibited strong inhibition of lipid peroxidation
that was much higher than that of the natural antioxidant a-tocopherol
(Mendis et al., 2005a). Two representative peptides with comparatively
higher antioxidant potency were purified and characterized as Phe-Asp-
Ser-Gly-Pro-Ala-Gly-Val-Leu (880.18Da) and Asn-Gly-Pro-Leu-Gln-Ala-
Gly-Gln-Pro-Gly-Glu-Arg (1241.59Da). The viability of radical-mediated
oxidation-induced human lung fibroblasts was also enhanced following
treatment with these peptides. However, they did not exhibit substantial
ion chelation, and it was presumed that the observed radical scavenging
potency of these peptides plays a vital role in their strong antioxidant
activity. It was suggested that the hydrophobic amino acids of these
peptides contributed greatly to their observed antioxidant activity.

Several ACE-inhibitory peptides were also prepared from clams,
including a peptic digest of short-necked clam (Val-Glu-Val, IC50¼8.7
mM) and clam hydrolysate (Val-Lys-Pro, IC50¼2.6mM; Tsai et al., 2006).
Tsai et al. (2008) reported that hard clam (Meretrix lusoria) residual meat
extract can be recovered as a value-added by-product. One of the peptides
isolated from hard clam residual meat hydrolysate (Tyr-Asn) showed
high ACE-inhibitory activity with an IC50 of 51mM (or 0.015mg/mL).

Sea urchins possess an innate immune system and are regarded as a
potential source for the discovery of new AMPs. Li et al. (2008) isolated
two novel antibacterial peptides (strongylocin 1 and 2; 5.6 and 5.8kDa,
respectively) from coelomocyte extracts of the green sea urchin (Strongy-
locentrotus droebachiensis). These two peptides have putative isoforms
(1b and 2b), similar to two putative proteins from the purple sea urchin
(Strongylocentrotus purpuratus). The native strongylocin peptides are cat-
ionic, defensin-like peptides (cysteine-rich), but show no similarity to
other known AMPs with respect to their cysteine distribution pattern.
Strongylocin 1 consists of 83 amino acids that include a prepro sequence
of 35 amino acids, whereas strongylocin 2a and 2b are composed of 89
and 90 amino acids, respectively, in which 38 amino acids represent a
prepro sequence. The native peptides display potent activity against
Gram-negative and -positive bacteria.
VI. BIOACTIVE PEPTIDES DERIVED FROM MOLLUSKS AND
OYSTERS

Cytotoxic cyclic peptides have also been found in mollusks. Dolastatin
peptides are a group of cyclic and linear peptides with prominent cell
growth-suppressing activity that were isolated from the marine mollusk
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(Dolabella auricularia). Another prominent family of peptides has also been
isolated from mollusks; these highly compact and stable linear peptides,
known as conotoxins, exhibit specific actions on the ion channels and
membrane receptors of excitable cells.

D. auricularia is a shell-less mollusk that, therefore, initially appears to
lack defenses against predators; however, this is only a preliminary
supposition. Accumulated evidence supports the fact that Opisthobran-
chia mollusks have developed very powerful chemical defenses (Pettit
et al., 1989). Pettit et al. (1981) were the first to isolate some of these
compounds; the pentapeptide dolastatin 10 (Fig. 5.1) was reported to be
the most active natural anticancer substance at that time with an ED50 of
4.6�10�5mg/mL against the P388 cell line (Pettit et al., 2008). Dolastatin 10
was also shown to inhibit tubulin polymerization and tubulin-dependent
GTP hydrolysis (Bai et al., 1990).

Dolastatin 10 has been evaluated with promising results in a phase I
clinical study in patients with solid tumors. Subsequently, its noticeable
antitumor activity was well documented in various in vitro and in vivo
tumor models (Madden et al., 2000). More than a dozen dolastatin pep-
tides have been isolated to date. Recent studies have shown, for example,
that the depsipeptide dolastatin 11 arrests cells at cytokinesis by causing a
rapid and massive rearrangement of the cellular actin filament network
and induces the hyperpolymerization of purified actin (Bai et al., 2001).
The effects of dolastatin 11 were similar to those of the sponge-derived
depsipeptide jasplakinolide; however, dolastatin 11 exhibited �threefold
more cytotoxicity than jasplakinolide in the cells studied.

Keenamide A is another novel cytotoxic cyclic hexapeptide isolated
from a marine mollusk (Pleurobranchus forskalii; Fig. 5.2; Wesson and
Hamann, 1996). Keenamide A exhibited significant activity against the
P-388, A-549, MEL-20, and HT-29 tumor cell lines. New classes of anti-
cancer drug candidates isolated frommarine organisms have been shown
to possess powerful cytotoxic activity against multiple tumor types.
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Peptides derived from marine organisms, including the oyster (Qian
et al., 2008) and blue mussel ( Jung et al., 2005b and Rajapakse et al., 2005b),
have been reported to exhibit functional properties. The beneficial effects
of marine bioactive peptides are well known in scavenging for free radi-
cals and reactive oxygen species or in preventing oxidative damage by
interrupting the radical chain reaction of lipid peroxidation (Mendis et al.,
2005b; Qian et al., 2008; Rajapakse et al., 2005a; Ranathunga et al., 2006). It
has been shown that their antioxidant potency is mostly due to the
presence of hydrophobic amino acids (Mendis et al., 2005b). In addition,
the bioactive antioxidant peptide Leu-Lys-Gln-Glu-Leu-Glu-Asp-Leu-
Leu-Glu-Lys-Gln-Glu, isolated from the oyster (Crassostrea gigas), exhib-
ited higher activity against polyunsaturated fatty acid peroxidation than
a-tocopherol (Qian et al., 2008). ACE-inhibitory peptides were also
isolated from oyster protein digest (Leu-Phe; IC50¼126mM; Matsumoto
et al., 1994) and pearl oyster meat hydrolysate (Leu-Val-Glu; IC50¼14.2
mM; Suetsuna, 2002). Liu et al. (2008) also reported the presence of AMPs
in the oyster.

Moreover, the anticoagulant peptide Glu-Ala-Asp-Ile-Asp-Gly-Asp-
Gly-Gln-Val-Asn-Tyr-Glu-Glu-Phe-Val-Ala-Met-Met-Thr-Ser-Lys, de-
rived from the blue mussel, prolonged the blood clotting time ( Jung
and Kim, 2009). In addition, a protein derived from the blood arch shell
prolonged the clotting time more than did heparin, a commercially avail-
able anticoagulant ( Jung et al., 2001). However, these marine-derived
anticoagulant peptides are noncytotoxic and have the potential to be
used as functional ingredients in nutraceutical or pharmaceutical
products.

Further, the AMP CgPep33, derived from oyster (C. gigas), demon-
strated antimicrobial activity and growth inhibition of bacteria, for exam-
ple, Escherichia coli, Pseudomonas aeruginosa, and Bacillus subtilis; and fungi,
for example, Botrytis cinerea and Penicillium expansum (Liu et al., 2008).
More interestingly, the IC50 values of this peptide against these bacteria
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and fungi ranged from 18.6 to 48.2mg/mL. In addition, antiviral bioactive
peptides have also been identified. For example, Achour et al. (1997)
found that an oyster protein extract could enhance the proliferation of
immunocytes in human immunodeficiency virus 1 (HIV-1)-infected
patients. In addition, Lee and Maruyama (1998) identified peptides that
inhibit HIV-1 protease from the hydrolysate of oyster (C. gigas) proteins
prepared with thermolysin. The amino acid sequences of these peptides
were determined as Leu-Leu-Glu-Tyr-Ser-Ile and Leu-Leu-Glu-Tyr-Ser-
Leu. These sequences are found in some proteins of various major viruses
or human cytomegalovirus. Chemically synthesized Leu-Leu-Glu-Tyr-
Ser-Ile and Leu-Leu-Glu-Tyr-Ser-Leu showed IC50 values of 20 and
15 nM, respectively and behaved as competitive inhibitors of HIV-1
protease with Ki values of 13 and 10nM, respectively. These peptides
were more potent HIV-1 protease inhibitors than pepstatin A. Moreover,
an active peptide, Arg-Arg-Trp-Trp-Cys-Arg-X (where X is an amino acid
or an amino acid analog), against the herpes virus was isolated from the
enzymatic hydrolysate of the oyster (C. gigas), and this peptide demon-
strated high inhibitory activity against the herpes virus (Zeng et al., 2008).
Zeng et al. (2008) obtained four fractions of hydrolysates according to their
MW (<1, 1–5, 5–10, and >10kDa). A peptide purified from the 5- to
10-kDa fractions had a higher biological activity than the other fractions.
VII. FERMENTED MARINE PEPTIDES AND NOVEL
APPROACHES

Fermentation, one of the oldest food preservation techniques specifically
practiced in South East Asian countries such as China, Japan, and Korea,
is believed to enhance the nutraceutical value of fermented foods in
addition to their long-term storage. The breakdown of food proteins by
microbial proteases to produce bioactive peptides may be a possible
reason for the development of such properties during fermentation.
Therefore, interest has developed in identifying the biological activity of
fermented foods, including fish and shellfish (Ichimura et al., 2003; Kim
et al., 2004; Wong and Mine, 2004). Health-related functional properties
such as antioxidative activity and radical scavenging capacity may pres-
ent as promising biological benefits of these fermented foods. Fish sauce,
being a fermented food, is assumed to contain many substances, includ-
ing peptides, with ACE-inhibitory activity that is produced during the
fermentation of fish proteins. As they are made by the fermentation of
various kinds of fish, they are assumed to be rich in degradation products,
for example, small peptides and amino acids. The ACE-inhibitory activity
of fermented fish sauces made from salmon, sardine, or anchovy was
reported (Okamoto et al., 1995a), and three fermented salmon sauce-
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derived ACE-inhibitory peptides (Gly-Trp, Ile-Trp, and Val-Trp) contain-
ing Trp at the C-terminal position were further identified by Okamoto
et al. (1995b). Earlier, Cheung et al. (1980) reported that Trp at the COOH
terminus and Val and Ile at the NH2 terminus of a dipeptide are the most
favorable sequences for ACE-inhibitory activity. The dipeptide Gly-Trp,
which was shown to be a considerable ACE inhibitor, has been isolated
from sardine muscle hydrolysate by Seki et al. (1993). In addition, two
ACE-inhibitory peptides, Gly-Pro-Pro and Val-Pro, were isolated from
salted and fermented anchovy by Lee (1996). Ichimura et al. (2003)
reported ACE-inhibitory activity in fermented fish sauce that was tradi-
tionally made from anchovy, sardine, or bonito, and purified the ACE-
inhibitory peptides contained in the sauce (Table 5.2). ACE-inhibitory
peptides such as Ala-Pro, Lys-Pro, Arg-Pro, Gly-Pro, Glu-Pro, Thr-Pro,
Val-Pro, Gly-Ile, and Asp-Phe were isolated from fermented anchovy
sauce. The ACE-inhibitory peptides Ala-Pro, Gly-Pro, Thr-Pro, Val-Pro,
TABLE 5.2 ACE-inhibitory activity of peptides derived from fermented fish sauce

Peptides Origin IC50a (mM) or %

inhibition

Concentration of pepti-

desb (mM)

Ala-Pro Anchovy, sardine,

bonito

29 31 (An), 29 (Sa), 1 (Bo)

Lys-Pro Anchovy 22 28 (An)
Arg-Pro Anchovy, bonito 21 42 (An), 2 (Bo)

Gly-Pro Anchovy, sardine,

bonito

360 1 (An), 140 (Sa), 6 (Bo)

Glu-Pro Anchovy 1200 7 (An)

Thr-Pro Anchovy, sardine 290 9 (An), 18 (Sa)

Val-Pro Anchovy, sardine 570 37 (An), 8 (Sa)

Gly-Ile Anchovy 1300 12 (An)

Asp-Phe Anchovy 360 1 (An)
Asn-Pro Sardine 2300 22 (Sa)

Asp-Met Sardine 600 1 (Sa)

Asp-Leu Sardine 2000 7 (Sa)

Ala-Val Sardine 15% at 800mM 8 (Sa)

Gly-Val Sardine 17% at 800mM 57 (Sa)

Ala-Gly-

Pro

Bonito 560 4 (Bo)

Source: Ichimura et al. (2003). Permission has been obtained for use of copyrighted material from Elsevier B.V.
a IC50, concentration of the peptide required for 50% inhibition of ACE activity.
b Concentration of the peptide contained in the fermented fish sauce. As values were calculated from the
quantity of finally purified peptide, the actual concentration of each peptide may be higher than the
concentration indicated. An, anchovy; Sa, sardine; Bo, bonito.
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Asn-Pro, Asp-Met, Asp-Leu, Ala-Val, and Gly-Val were isolated from
fermented sardine sauce; further, the ACE-inhibitory peptides Ala-Pro,
Arg-Pro, Gly-Pro, and Ala-Gly-Pro were isolated from fermented bonito
sauce. Val-Pro was also identified in salted and fermented anchovy by
Lee (1996). Among the peptides identified by Ichimura et al. (2003), Ala-
Pro, Lys-Pro, and Arg-Pro showed strong and similar inhibitory activity.
Ichimura et al. (2003) also isolated nine types of peptides containing Pro
residues in their carboxy terminals. Due to the unique structure of Pro as
an imino acid, peptide bonds containing Pro residues are often resistant to
hydrolysis by common peptidases. This may be the reason why these Pro-
containing dipeptides survived after long-term fermentation. Among
these peptides, Lys-Pro was further evaluated in vivo in male SHRs
(Charles River Japan, Yokohama) by oral administration. As shown in
Fig. 5.3, orally administered Lys-Pro shows a tendency to lower the blood
pressure of SHRs.

Salt-fermented anchovy sauce (FAS), a fermented fish product of
Southeast and Far East Asia, made by salting anchovies, also contains
anticoagulation agents (Kim et al., 2004). The authors reported that the
degree of fibrin-clotting inhibition increased with increasing amounts of
desalted FAS (Fig. 5.4), indicating the presence of a bioactive peptide that
acts as an anticoagulant against fibrin clotting. It has been suggested that
the active peptide has a molecular mass much smaller than nattokinase, a
known fibrinolytic enzyme from fermented foods; thus, it may be more
useful for oral use in the prevention of thrombotic disease. For its wider
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application, additional characteristics, for example, high thermal and pH
stability and safety, are necessary for its long-term intake. The capability
of this substance to control the risk of thrombosis by incorporating it into
the daily diet without any adverse side effects on human health is most
desirable for its application as a functional foodstuff with the intention of
decreasing the medical cost of circulatory diseases.

Rajapakse et al. (2005b) extracted radical scavenging peptides from
fermented marine blue mussel sauce. They found that the purified pep-
tides from mussel sauce exerted strong scavenging effects on the tested
radicals, although with different capacities. In addition, the mussel sauce-
derived radical scavenging peptides exhibited different antioxidative
mechanisms, indicating their protective action against free radicals. A
cell viability assay clearly indicated the ability of these peptides to protect
cells against oxidative stress-mediated injuries in a dose-dependent man-
ner, which was similar to the observed activity of a-tocopherol (Fig. 5.5).
Jung et al. (2005b) reported that blue mussel sauce that had been fermen-
ted for 6months showed the highest antioxidative activity, exhibiting
�54.1% inhibition of linoleic acid peroxidation. The amino acid sequence
of a purified peptide with a molecular mass of 620Da was determined as
Phe-Gly-His-Pro-Tyr. The activity of this peptide may be attributed to the
chelating and lipid radical trapping ability of its imidazole ring. In addi-
tion, this peptide contained a Tyr residue, which is a potent hydrogen
donor. This bioactive peptide showed antioxidative activity in lipid or
fatty acid autoxidation systems and radical scavenging activity; thus, it is
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possible to provide a natural antioxidant and nutraceutical food through
further studies of its mechanism of action and in vivo assays.

The proteolytic activation of bioactive sequences by lactic acid bacteria
has been debated recently due to the great advantage of using food-grade
microorganisms to enrich foods with bioactive substances (Gobbetti et al.,
2002); however, limited applications are reported for fermented marine
proteins. Wang et al. (2008) attempted to ferment Acetes chinensis, an
underutilized shrimp species thriving in the Bohai Gulf of China, with
lactic acid bacteria to produce a fermented shrimp sauce with high ACE-
inhibitory activity. Three peptides with high ACE-inhibitory activity were
isolated from the fermented shrimp sauce (Asp-Pro, Gly-Thr-Gly, and
Ser-Thr). Previous studies have shown that di-, tri-, and tetra-peptides are
more rapidly absorbed and reach a higher concentration in the blood than
free amino acids; further, these short peptides are less susceptible to
proteolytic enzymes (Chun et al., 1996; Craft et al., 1968; Matthews and
Payne, 1980). Hence, it can be expected that Asp-Pro, Gly-Thr-Gly, and
Ser-Thr will be readily absorbed by the alimentary canal, thereby reaching
the peripheral target sites and producing their effect in vivo. The
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production of A. chinensis fermented by L. fermentum SM 605 may
be useful as an antihypertensive component of functional foods or
nutraceuticals.

The antioxidant activity of shrimp protein hydrolysate has been
demonstrated (Suetsuna, 2000). Using the water extract from Mun
Goong, a paste extracted from the cephalothorax of white shrimp (Litope-
naeus vannamei), Binsan et al. (2008) revealed that the water extract
contained antioxidative peptides with mass ranges of m/z 400–1000.
A shrimp (A. chinensis) hydrolysate prepared with a crude protease from
Bacillus sp. SM98011, containing oligopeptides with a molecular mass <3
kDa, exhibited antioxidant and ACE-inhibitory activity (He et al., 2006).

Shrimp waste, containing 35–50% crude protein, is also an important
source of bioactive molecules (Sachindra et al., 2005); its antioxidative
property was found to be improved by ensilaging with lactic acid
(Sachindra and Bhaskar, 2008). This protein-rich liquor has beneficial
biological functions due to the inherent protein hydrolysis that occurs
during fermentation. The potential for producing functional bioactive
peptides through enzymatic hydrolysis of shrimp by-products has also
been suggested by several recent reports, for example, antioxidant pep-
tides (Guerard et al., 2007), ACE-inhibitory peptides (Cheung and
Li-Chan, 2010; He et al., 2006), and AMPs (Bartlett et al., 2002).

A recent report by Huang et al. (2010) demonstrated the generation of
an iron-binding peptide by the enzymatic hydrolysis of shrimp proces-
sing by-product. The MW of the hydrolysate ranged from 1 to 6kDa, and
theMWof the metal-binding peptides isolated from other proteins belong
to this range, for example, a 1561-Da protein from hoki frame following
pepsinolytic hydrolysis ( Jung and Kim, 2007), a 3500-Da protein from
hoki bone following carnivorous intestine crude proteinase hydrolysis
( Jung et al., 2005a), and a 1442-Da protein from Alaska pollock (T. chalco-
gramma) backbone following pepsinolytic hydrolysis ( Jung et al., 2006a).
The infrared spectra of the iron-binding peptides and the iron–peptide
complex shown in Fig. 5.6 suggest that the principal site of iron binding
primarily corresponds to the carboxylate groups and, to a lesser extent,
the peptide bonds. These attempts might facilitate the development of
strong iron-binding peptides as natural functional additives in the food
industry.

Meat-based products have been fermented with Aspergillus in an
attempt to identify novel properties. Yin et al. (2005) reported that Asper-
gillus oryzae produces multiple enzymes and can hydrolyze minced mack-
erel. The present authors (Giri et al., 2009a,b) also developed a marine fish
meat-based functional paste by utilizing the traditional Japanese koji
fermentation technique with improved food functionality and aroma
attributes. Several trash fish, including horse mackerel, spotted mackerel,
lizard fish, and squid meat, were utilized to produce a functional paste
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from A. oryzae-inoculated koji. Analysis of several physicochemical para-
meters of the finished products, including free amino acid, oligopeptide,
organic acid, and mineral content, revealed the potential utility of marine
fish meat for the production of miso-like fermented fish pastes (Giri et al.,
2009a,b, 2010a,b). There are extensive reports on the nutritional value,
taste, and aroma (Giri et al., 2009a,b, 2010b) as well as the antioxidative
properties (Giri et al., 2011a) of fish miso. A fish miso preparation of rice
malt koji inoculated with A. oryzae provides several proteolytic, lipolytic,
and amylolytic enzymes; thus, hydrolyzed protein and carbohydrate
substrates were efficiently produced from marine fish meat (Giri et al.,
2011b). Interestingly, the scavenging activity of aqueous fish miso extracts
against DPPH, hydroxyl, NO, and carbon-centered radicals, estimated
through ESR, increased with the prolongation of fermentation (Fig. 5.7).
These time course observations indicated that the substrate responsible
for radical scavenging developed during the process of fermentation.
Using the online high-performance liquid chromatography-DPPH
method, the production of peptides with radical-scavenging activity and
their molecular mass distributions were estimated (Fig. 5.8). As fermen-
tation proceeded (>60days), peptides with a low molecular mass (1.45
kDa) and radical-scavenging ability developed, indicating the involve-
ment of those peptides in the improved antioxidative properties of fish
miso. Scavenging activity increased remarkably after 270days due to the
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development of peptides with molecular masses below �500Da. Changes
in the free amino acid content of fish miso indicated that the levels of free
amino acids, including Asp/Asn, Glu/Gln, Ala, and Leu, increased
rapidly over the 270days of fermentation (Table 5.3). The levels of oligo-
peptide amino acids (Table 5.4) also increased during this time period,
demonstrating the development of low MW peptides as fermentation
proceeded. The oligopeptides were mainly comprised of Glu/Gln,
Pro, Gly, Ala, Val, Lys, and Leu. The presence of peptides with enhanced
hydrophobicity (derived from many protein sources) is linked to antiox-
idative properties (Chen et al., 1995a). An increase in hydrophobicity
increases the affinity of peptides to lipids and, therefore, enhances their
antioxidative properties (Rajapakse et al., 2005a), suggesting that the
hydrophobic amino acids, for example, Leu, Val, and Ala, in fish miso
peptides might have promoted their radical-scavenging properties. These
amino acids are effective as inhibitors of linoleic acid oxidation in the oil/
water emulsion model system (Marcuse, 1962). In addition, the amino
acid sequences of peptides strongly affect their antioxidative activity;
the correct positioning of Glu/Gln, Leu, and His in antioxidative peptide
sequences improves their radical-scavenging activity (Chen et al., 1996).
Decomposition of the imidazole ring in His is responsible for the
strong radical-scavenging activity of this amino acid; thus, it was
assumed that the radical-scavenging activity of fish miso resulted from
the biophysical properties of some of the peptides that developed during
fermentation.
VIII. CONCLUDING REMARKS

The marine-derived peptidic compounds discussed here were obtained
from very different marine organisms, exhibited different chemical struc-
tures, and displayed a large variety of pharmacological effects on human
health and nutrition. The possibilities of designing new functional foods
and pharmaceuticals to support the reduction or regulation of diet-related
chronic malfunctions are highly promising. Further, the processing of fish
by-products as food proteins can be easily utilized for the production of
bioactive peptides. This review suggests that due to their valuable
biological functions with beneficial health effects, marine-derived bioac-
tive peptides have the potential to be used as active ingredients for the
preparation of various functional foods or nutraceutical and pharmaceu-
tical products. Considering that the majority of the studies discussed in
this chapter were conducted in vitro or in mouse model systems, further
studies are needed to investigate the bioactivity of functional peptides in
human subjects.



TABLE 5.3 Free amino acids and related cocompounds (mg/g dry extract) and mol% (in parenthesis) in squid miso during fermentation period

Amino acids 0day 30day 60day 135day 270day 365day

Taurine 38.05a (25.74) 27.56b (10.42) 24.08b (8.66) 22.34b (7.64) 20.99c (7.35) 17.49c (6.23)

Aspartic acid 4.07d,e (2.59) 21.70b (7.71) 30.67a,b (10.37) 39.80a (12.80) 42.63a (14.03) 45.07a (15.09)

Threonine 2.25d,e (1.59) 7.18c,d (2.85) 7.73d (2.92) 8.16d (2.93) 7.93d (2.91) 7.31d (2.73)

Serine 3.51d,e (2.83) 12.25c (5.51) 13.26c (5.68) 14.15c,d (5.76) 12.58c,d (5.24) 10.41c,d (4.41)
Glutamic acid 3.52d,e (2.02) 24.50b (7.87) 29.58a,b (9.05) 36.88a (10.73) 34.91b (10.39) 27.53b (8.34)

Proline 14.50c (10.66) 14.07c (5.78) 15.57c (6.09) 17.73c (6.59) 18.18b,c (6.92) 14.68c (5.68)

Glycine 3.17d,e (3.58) 6.24d (3.93) 7.22d (4.33) 8.11d (4.62) 8.02d (4.68) 7.16d (4.25)

Alanine 7.84d (7.45) 22.31b,c (11.84) 25.21b (12.74) 27.56b (13.24) 27.30b (13.42) 25.15b (12.58)

Valine 3.49d,e (2.51) 10.34c (4.17) 11.17c,d (4.29) 12.06c,d (4.40) 13.10c,d (4.90) 12.35c,d (4.70)

Cysteine 4.27d,e (2.98) 2.86d,e (1.11) 2.72e (1.01) 2.68e (0.94) 3.58e (1.29) 15.72c (5.78)

Methionine 2.52d,e (1.42) 6.53d (2.07) 5.83e (1.75) 5.24e (1.50) 5.94d,e (1.74) 9.52c,d (2.84)

Isoleucine 2.28d,e (1.46) 6.65d (2.39) 7.02d,e (2.41) 7.25d,e (2.36) 7.95d,e (2.65) 9.47c,d (3.21)
Leucine 28.00b (18.01) 40.89a (14.69) 38.05a,b (13.01) 34.94a (11.36) 25.42b,c (8.45) 24.55b (8.31)

Tyrosine 3.65d,e (1.70) 6.73d (1.75) 7.00d (1.74) 7.17d (1.69) 7.64d (1.84) 8.00d (1.96)

Phenylalanine 3.01d,e (1.54) 6.38d (1.82) 6.23d (1.69) 6.44d (1.67) 7.58d (2.01) 6.65d,e (1.79)

b-Alanine 0.13e (0.12) 0.13e (0.07) 0.12f (0.06) 0.11f (0.05) 0.09f (0.04) 0.09f (0.04)

4-Aminobutyric acid 2.27d,e (1.86) 1.74d,e (0.79) 1.54e,f (0.67) 1.43e,f (0.59) 1.47e,f (0.62) 1.21e (0.52)

Histidine 1.63d,e (0.88) 2.27d,e (0.69) 2.11e,f (0.61) 1.85e,f (0.51) 1.48e,f (0.41) 1.39e (0.40)

Ornithine 0.33e (0.21) 0.35e (0.12) 0.29f (0.09) 0.84f (0.27) 1.98e,f (0.65) 4.05d,e (1.36)

Lysine 8.06c (4.15) 24.39b (7.03) 24.35b (6.68) 21.95b,c (5.72) 16.06c (4.28) 12.83c,d (3.48)
Arginine 13.67c (6.64) 26.85b (7.29) 23.53b (6.08) 18.51c (4.55) 24.35b,c (6.12) 24.32b (6.22)

Different letters (a–f ) represent significant differences at P<0.05.
Source: Giri et al. (2011a). Permission has been obtained for use of copyrighted material from Elsevier B.V.



TABLE 5.4 Amino acids and related compounds in oligopeptides (mg/g dry extract) and mol% (in parenthesis) in squidmiso during fermentation period

Amino acids 0day 30day 60day 135day 270day 365day

Taurine 7.24c (3.78) 10.03d (3.32) 13.33d (3.97) 13.52d (4.01) 9.60d,e (2.60) 12.66e (3.17)

Aspartic acid/asparagine 13.69b (6.73) 17.08c,d (5.33) 14.91d (4.18) 9.71d,e (2.70) 10.49d,e (2.67) 10.56e (2.49)

Threonine 6.26c (3.43) 10.46d (3.64) 12.50d (3.91) 13.39d (4.17) 13.45d (3.83) 14.05e (3.70)

Serine 8.16b,c (5.08) 9.23d (3.65) 10.68d,e (3.79) 11.23d,e (3.96) 11.12d,e (3.59) 12.89e (3.85)
Glutamic acid/glutamine 38.53a (17.13) 64.25a (18.14) 72.05a (18.27) 72.70a (18.34) 77.17a (17.81) 88.60a (18.90)

Proline 8.63b,c (4.90) 15.10c (5.45) 12.33d (3.99) 17.17d (5.53) 27.82c (8.20) 29.19c (7.96)

Glycine 16.45b (14.34) 21.65b,c (11.98) 22.69c (11.28) 23.19c,d (11.46) 20.88c,d (9.44) 22.18d (9.27)

Alanine 10.63b,c (7.80) 13.86d (6.46) 15.10d (6.32) 15.14d (6.31) 14.76d (5.62) 18.44d,e (6.49)

Valine 6.72c (3.75) 12.72d (4.51) 15.30d (4.87) 16.86d (5.34) 18.37d (5.32) 21.19d,e (5.67)

Cysteine 5.48c (2.95) 15.53d (5.32) 14.78d (4.55) 4.02e,f (1.23) 12.85d,e (3.60) 2.99f (0.77)

Methionine 1.55d (0.68) 6.98e,f (1.94) 11.77d,e (2.94) 4.61e,f (1.14) 1.76f (0.40) 5.54f (1.16)

Isoleucine 5.77c (2.88) 12.18d (3.85) 15.16d (4.31) 17.33d (4.90) 19.70d (5.10) 20.31d (4.86)
Leucine 16.02b (7.96) 19.24b,c (6.06) 5.98e (1.69) 12.01d,e (3.38) 11.30d,e (2.91) 12.16e (2.89)

Tyrosine 8.61b,c (3.11) 13.58d (3.11) 27.40c (5.64) 29.04c (5.95) 32.81c (6.14) 46.34b (8.02)

Phenylalanine 6.33c (2.50) 1.86e (0.46) 10.27d,e (2.32) 8.40e (1.88) 10.97d,e (2.25) 11.50e (2.18)

b-Alanine 3.55c,d (2.60) 7.30d,e (3.40) 8.47e (3.55) 9.54d,e (3.97) 10.86d,e (4.13) 11.48e (4.04)

4-Aminobutyric acid 0.31e (0.19) 0.56f (0.22) 0.99f (0.35) 1.39f (0.50) 2.22f (0.73) 3.11f (0.94)

Histidine 3.22c,d (1.35) 6.73e,f (1.80) 7.31e (1.75) 7.39d (1.76) 5.93e,f (1.29) 5.20f (1.05)

Ornithine 3.94c,d (1.94) 4.19e,f (1.31) 4.42e,f (1.24) 4.78d,e (1.34) 11.65d,e (2.99) 7.66e,f (1.81)

Lysine 14.52b (5.78) 31.72b (8.02) 37.61b (8.55) 40.71b (9.20) 45.75b (9.46) 47.81b (9.14)
Arginine 2.81c,d (1.05) 8.29d (1.97) 11.50d,e (2.46) 13.33d (2.84) 9.42d,e (1.83) 8.61e (1.55)

Different letters (a–f ) represent significant differences at P<0.05.
Source: Giri et al. (2011a). Permission has been obtained for use of copyrighted material from Elsevier B.V.
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