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Abstract Bioactive peptides as products of hydrolysis of diverse marine inver-
tebrate (shellfish, crustacean, rotifer, etc.) proteins are the focus of

current research. After much research on these muscles and by-

products, some biologically active peptides were identified and

applied to useful compounds for human utilization. This chapter

reviews bioactive peptides from marine invertebrates in regarding to

their bioactivities. Additionally, specific characteristics of antihyper-

tensive, anti-Alzheimer, antioxidant, antimicrobial peptide enzymatic

production, methods to evaluate bioactivity capacity, bioavailability,

and safety concerns of peptides are reviewed.
I. INTRODUCTION

Bioactive peptides with beneficial effects for human health have been
found that are marine in origin. Several bioactive peptides were isolated
from various invertebrate marine organisms. Marine invertebrates are
animals that inhabit a marine environment and are invertebrates (they
lack a vertebral column). In order to protect themselves, they may have
evolved a shell or a hard exoskeleton, but this is not always the case.
Invertebrate muscle cells, however, comprise two major cell classes: stri-
ated and smooth. Striated muscle can be subdivided according to the type
of striation into transversely striated (like that of vertebrate striated mus-
cle) and obliquely striated. As bioactive peptides have already been
discovered in various vertebrate muscles, and as the structures of verte-
brate and invertebrate muscles are very similar, invertebrates/insects
may be new sources of bioactive peptides. The basic proteins of vertebrate
and invertebrate muscles are actin, myosin, and collagen (Oota and
Saitou, 1999). Components of proteins in marine foods contain sequences
of bioactive peptides which could exert a physiological effect in the body.
Moreover, some of these bioactive peptides have been identified to pos-
sess nutraceutical potentials that are beneficial for the promotion of
human health. Recently, the possible roles for food-derived bioactive
peptides in reducing the risk of cardiovascular diseases have been
explored (Erdmann et al., 2008). Bioactive peptides usually contain 3–20
amino acid residues, and their activities are based on their amino acid
composition and sequence (Pihlanto-Leppala, 2000). These short chains of
amino acids are inactive within the sequence of the parent protein, but can
be released during gastrointestinal digestion, food processing, or fermen-
tation. Marine-derived bioactive peptides have been obtained widely by
enzymatic hydrolysis of marine proteins and have been shown to possess
many physiological functions including antimicrobial (Liu et al., 2008),
antioxidant (Mendis et al., 2005), and antihypertensive activities (Lee et al.,
2011). The goal of this chapter is not to present a complete panorama of
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marine bioactivity peptides but to show that new materials in marine
substances provide new solutions for tackling some of the major public
health problems of the twentieth century. These include hypertension,
oxidation damage, Alzheimer’s disease (AD), and antibacterial issues.
These are correlated with aging populations, especially in advanced
countries.
II. PREPARATION OF BIOACTIVE PEPTIDES FROM
INVERTEBRATES

There is great potential in the marine bioprocessing industry for convert-
ing and utilizing products from most marine organisms and marine food
products as valuable functional ingredients. There has been increasing
interest in the utilization of marine invertebrates, and novel bioprocessing
technologies are being developed to isolate bioactive substances from
marine food products. The substances contain antihypertensive, antiox-
idatives, and anti-Alzheimer’s properties, and can be used as functional
foods and nutraceuticals. Development of these functional ingredients
involves certain biotransformation processes through enzyme-mediated
hydrolysis in batch reactors. Membrane bioreactor technologies equipped
with ultrafiltration membranes are recently emerging for the bioproces-
sing and development of functional ingredients. It is considered a poten-
tial method for utilizing marine food products efficiently (Kim and
Mendis, 2006; Kim and Rajapakse, 2005; Kim et al., 2006). Biologically
active peptides can be generated from precursor proteins in multiple
ways, including enzymatic hydrolysis (either by digestive enzymes or
enzymes derived from microorganisms and plants) and microbial fer-
mentation (Kim et al., 2001). Enzymatic hydrolysis is a particularly
famous method for obtaining bioactive peptides from organism tissue
by in vivo hydrolysis of protein sources using appropriate proteolytic
enzymes. The physicochemical conditions of the reaction media, such as
temperature and pH of the protein solution, must then be adjusted in
order to optimize for the activity of the enzyme used. Proteolytic enzymes
frommicrobes, plants, and animals can be used for the hydrolysis process
of marine proteins to develop bioactive peptides (Simpson et al., 1998).
Further, alcalase, a-chymotrypsin, neutrase, papain, pepsin, and trypsin
have been used for the hydrolysis of marine invertebrate muscle under
optimal conditions of pH and temperature (Lee et al., 2009). Moreover,
one of the most important factors for producing bioactive peptides with
the desired functional properties is the molecular weight (MW) of the
bioactive peptide (Deeslie and Cheryan, 1981). Therefore, for efficient
recovery and in order to obtain bioactive peptides with both the desired
molecular size and functional properties, the use of an ultrafiltration
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membrane system is suitable. An ultrafiltration membrane system
equipped with the appropriate MW cutoff is effective in separating pep-
tides with desired MWs from fish protein hydrolysates ( Jeon et al., 1999).
In order to obtain functionally active peptides, a common method used
sorts enzymes, which allows for sequential enzymatic digestion. More-
over, the ultrafiltration membrane system has been able to obtain serial
enzymatic digestions using a multistep recycling membrane reactor
combined with the ultrafiltration membrane system to separate fish pro-
tein hydrolysates based on their MWs (Fig. 4.1) (Byun and Kim, 2001).
Additionally, it is possible to obtain serial enzymatic digestions in a
system using a multistep recycling membrane reactor combined with an
ultrafiltration membrane system to separate marine-derived bioactive
peptides (Byun and Kim, 2001; Kim and Mendis, 2006). This membrane
bioreactor technology equipped with ultrafiltration membranes is a
newly emerging technology for the development of bioactive compounds
and is considered a potential method for utilizing marine proteins as
value added nutraceuticals with beneficial health effects.

Bioactive peptides can be extracted and purified with these technolo-
gies, which vary from simple to complex. Following this, the isolation of
bioactive peptides, oligosaccharides, fatty acids, enzymes, water-soluble
minerals, and biopolymers for biotechnological and pharmaceutical
applications is possible. Further, some of these bioactive peptides have
been identified to possess nutraceutical potentials that are beneficial for
human health.
III. ANTIHYPERTENSIVE ACTIVITY

A. The mechanism of hypertensive

The renin–angiotensin system (RAS) constitutes one of the most impor-
tant hormonal systems in the physiological regulation of blood pressure.
Indeed, deregulation of the RAS is considered a major factor in the
development of cardiovascular disease, and blockade of this system offers
an effective therapeutic regimen. Originally defined as a circulation or
endocrine system, multiple tissues expressed as a complete local RAS are
compelling evidence for angiotensin I and angiotensin II, the primary
peptides that can affect the system. ACE is a dipeptidyl carboxypeptidase
that catalyzes the conversion of angiotensin I (decapeptide) to angiotensin
II (octapeptide), inactivates the antihypertensive vasodilator bradykinin,
and increases blood pressure (Fig. 4.2). Inhibition of ACE activity leads to
a decrease in the concentration of angiotensin II and consequently
reduces blood pressure (Skeggs et al., 1957).
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FIGURE 4.2 Schematic diagram of the renin–angiotensin system and kallikrein–kinin

system. The angiotensin-converting enzyme is strategically poised to regulate the bal-

ance between ang II and bradykinin. ACE, angiotensin-converting enzyme; ang, angio-

tensin (Borer, 2007).
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B. Shellfish

As ACE-inhibiting peptides have already been mentioned with regard
to various vertebrate muscles, and as the structure of vertebrate and
invertebrate muscle is very similar, invertebrates may be new sources of
ACE-inhibiting peptides. However, while many ACE-inhibitor peptides
have been derived from vertebrate muscle, very few studies on the subject
have been conducted.

Two studies reporting on ACE-inhibitory peptides detected in them
in hydrolysates of oyster. Among hydrolysis of oyster proteins with 11
proteases, hydrolysis with denazyme AP (from Aspergillus oryzae)
(Matsumoto et al., 1994) resulted in Table 4.1. The hydrolysate showed
an inhibitory activity against ACE with an IC50 of 550mg/ml. After
separation by column chromatography, the most active fraction had an
IC50 of 85mg/ml. The peptide isolated from this fraction was identified
as Leu-Phe (IC50¼126mM). Katano et al. (2003) hydrolyzed pearl oyster
meat with an alkaline protease. The hydrolysate was orally admini-
strated to spontaneously hypertensive rats (SHRs) and resulted in a
significant decrease of systolic blood pressure (SBP). Four active pep-
tides were isolated and identified as Phe-Tyr, Ala-Trp, Val-Trp, and
Gly-Trp. Further, the oyster, Crassostrea talienwhanensis Crosse (Wang
et al., 2008a), was known as a source of the ACE-inhibitory peptide. In
these peptides, the amino acid sequence of C. talienwhanensis contains
ACE-inhibitory peptides that are not present in the other amino acid
sequences: Val-Val-Tyr-Pro-Trp-Try-Glu-Arg-Phe (Table 4.1). Particu-
larly, for the invertebrate C. talienwhanensis, unique ACE-inhibitory pep-
tides were found that were different from sardine muscle (Table 4.1)
(Matsufuji et al., 1994). Another study of oysters by Huang et al. (2011)
separated the highest ACE-inhibitory peptide and the calculated
the relative MW distributed between 1842 and 1396Da. Moreover,



TABLE 4.1 ACE-inhibitory peptides derived from shellfish: origin, amino acid sequence,

enzyme used for hydrolysis, and IC50 value

Origin

Amino acid

sequence Enzyme

IC50

(mM) References

Oyster, Pinctada

fucata martencii

Leu-Phe Denazyme

AP

126 Matsumoto

et al. (1994)

Oyster, Crassostrea

talienwhanensis

Crosse

Val-Val-Tyr-Pro-

Trp-Tyr-Glu-

Arg-Phe

Pepsin 66 Wang et al.

(2008a,b)

Freshwater clam,
Corbicula fluminea

Val-Lys-Lys Protamex 1,045 Tsai et al. (2006)
Val-Lys-Pro 3.7

Fermented oyster

sauce, Crassostrea

gigas

Val-Lys-Lys – 1,045 (Je and Kim,

2005)

Fermented blue

mussel, Mytilus

edulis

Glu-Val-Met-

Ala-Gly-Asn-

Leu-Tyr-Pro-

Gly

– 81.91 Je et al. (2005a)
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Shiozaki et al. (2010) hydrolyzed oyster (Crassostrea gigas) muscle, and
the purified ACE-inhibitory activity peptide that resulted due to syner-
gism was the hypertension-affecting peptide. One potent ACE-inhibi-
tory peptide, Asp-Leu-Thr-Asp-Tyr. This raises the research objective to
evaluate invertebrate species, such as mollusks, as potential sources of
ACE-inhibitory peptides. In hydrolysates of the protein of the freshwa-
ter clam, Corbicula fluminea, hydrolyzed with Protamex, ACE-inhibitory
activity was observed. A gastrointestinal digestion resulted in the high-
est ACE-inhibitory activity (Tsai et al., 2006). This freshwater clam
hydrolysate (peptide concentration 5mg/ml) was used as a drink admi-
nistered to SHRs for 8 weeks. The SBP and diastolic blood pressure of
the SHRs were significantly reduced by 22.0 and 13.2mmHg, respectively.
Further, the antihypertensive activity of the purified peptide present in
fermented oyster sauce, C. gigas (Je and Kim, 2005), was evaluated by
measuring the change of SBP at 1, 2, 3, 6, and 9h after oral administration
of 10mg/kg of body weight. There was no change in SBP in the controlled
group investigated. C. gigas, with a recorded SBP reduction of 19mmHg
at 3h after administration, was observed, and the activity was maintained
for 6h. Captopril lowered SBP significantly from 1 to 6h after administra-
tion of the drug. The other fermented blue mussel, Mytilus edulis,
was highest in ACE-inhibitoryactivity (Je et al., 2005b). The IC50 value
of the purified ACE-inhibitory peptide was 19.34mg/ml, and the 10
amino acid residues of the N-terminal sequence were Glu-Val-Met-Ala-
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Gly-Asn-Leu-Tyr-Pro-Gly (Table 4.1). The purified peptide was evaluated
for antihypertensive effects in SHRs following oral administration.
C. Marine zooplankton

Marine zooplankton (interstitial animals <1mm) is recognized as one of
Earth’s most diverse communities, and yet is one of the least known.
Generally, larval fish have a high demand because of their high dietary
protein. Hence, their food requires high protein content and a rapid
growth rate. Rotifers have a lot of amino acid pools for producing high
content proteins (Rønnestad et al., 2003).

The ACE-inhibitory peptide was isolated from the marine zooplank-
ton rotifer (Brachionus rotundiformis). The ACE-inhibitory peptide from
the rotifer was hydrolyzed using various commercial enzymes. Among
the various hydrolysates, the Alcalase hydrolysate had the highest
ACE-inhibitory activity; the IC50 value of Alcalase hydrolysate for
ACE-inhibitory activity was 0.63mg/ml. The ACE-inhibitory peptide
from B. rotundiformiswas fractionated using Sephadex G-25 and octadecyl
silica column (Lee et al., 2009). After a three-step purification process, the
purified ACE-inhibitory peptide was identified as being 14 amino acid
residues of Asp-Asp-Thr-Gly-His-Asp-Phe-Glu-Asp-Thr-Gly-Glu-Ala-
Met, with a MW of 1538Da (IC50¼9.64mM). This peptide effectively low-
ered blood pressure after oral administration in SHRs at a dose of 50mg/
body weight (kg) (Fig. 4.3). This peptide exhibited maximal blood pres-
sure reduction 3h after oral administration and was more effective than
oral administration of captopril. This peptide showed long-lasting anti-
hypertensive activity since it contains ACE-inhibitory peptides with a
variety of maximally effective times. In another study, the ACE-inhibitory
peptide was purified and characterized from the enzymatic hydrolysate
of a freshwater rotifer (B. calyciflorus) fractionation through gel chroma-
tography and HPLC system (Lee et al., 2010a). The ACE-inhibitory
peptide was identified as being seven amino acid residues of Ala-Gln-
Gly-Glu-Arg-His-Arg by N-terminal amino acid sequence analysis.
The IC50 value of the purified ACE-inhibitory peptide was 47.1mM.
D. Crustaceans

ACE-inhibitory peptides from invertebrates such as crustaceans have
been reported. The sequential hydrolysis of defatted Antarctic krill mus-
cle via pepsin and trypsin resulted in an ACE-inhibitory extract. The
active peptide isolated from the extract was found to be Lys-Leu-Lys-
Phe-Val, showing an IC50 value of 30mM (Kawamura et al., 1992). The
other crustacean, Acetes chinensis, used the protease from Bacillus sp.
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SM98011 to digest this kind of shrimp and found that the oligopeptide-
enriched hydrolysate possessed antioxidant activity and high ACE-inhib-
itory activity with an IC50 value of 0.97mg/ml (He et al., 2006). The five
peptides with high ACE-inhibitory activity were purified from the shrimp
hydrolysates, and their sequences were identified by amino acid compo-
sition analysis and MW analysis. Three of them, Phe-Cys-Val-Leu-Arg-
Pro, Ile-Phe-Val-Pro-Ala-Phe, and Lys-Pro-Pro-Glu-Try-Val, were novel
ACE-inhibitory peptides (Table 4.2). Their IC50 values were 12.3, 3.4, and
24.1mM, respectively. To test the ACE-inhibitory activity of the peptides
after they were digested by digestive enzymes in vivo, derived peptides
from Phe-Cys-Val-Leu-Arg-Pro and Ile-Phe-Val-Pro-Ala-Phe were
synthesized based on their amino acid sequences and the cleavage sites
of digestive enzymes. The IC50 values of the derived peptides were
determined, and the result showed that except for Val-Pro-Ala-Phe,
Phe-Cys and Phe-Cys-Val-Leu, the ACE-inhibitory activity of the other
nine derived peptides did not significantly change when compared with
their original peptides. Surprisingly, five peptides had lower IC50 values
than their original peptides, particularly for Arg-Pro (IC50 value¼0.39m
M), which was about 30 times lower than its original peptide and nearly
the lowest IC50 value overall for ACE-inhibitory peptides. It was found
that the inhibitory activity of the peptide was intensified by 3.5 times from
IC50 15.9 to IC50 4.5mM after incubation with gastrointestinal proteases.
The ACE-inhibitory peptide from Acaudina molpadioidea showed a clear



TABLE 4.2 ACE-inhibitory peptides derived from invertebrates: origin, amino acid sequence, enzyme used for hydrolysis, and IC50 value

Origin Amino acid sequence Enzyme IC50 (mM) References

Antarctic krill Lys-Leu-Lys-Phe-Val Pepsinþtrypsin 30 Kawamura et al.

(1992)

Shrimp, Acetes chinensis Phe-Cys-Val-Leu-Pro Protease from

Bacillus sp.

SM98011

12.3 He et al. (2006)

Ile-Phe-Val-Pro-Ala-Phe 3.4

Lys-Pro-Pro-Gln-Try-Val 24.1

Tyr-Leu-Leu-Phe 172

Ala-Phe-Leu 65.2

Shrimp, Pandalopsis dispar Rich Tyr, Phe, Leu, Ile, Val, Lys Alcalase 100–200
mg/ml

Cheung and
Li-Chan (2010)

Protamex 70mg/ml

Fresh sea bream Val-Ile-Tyr Alkaline protease 7.5 Fahmi et al. (2004)

Val-Tyr 1.6

Sea cucumber, Acaudina

molpadioidea

Met-Glu-Gly-Ala-Gln-Glu-Ala-Gln-

Gly-Asp

BromelainþAlcalase 15.9 Zhao et al. (2009)
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antihypertensive effect in SHRs at a dosage of 3mM/kg. Cheung and Li-
Chan (2010) produced hydrolysates of shrimp, Pandalopsis dispar, by
Alcalase and Protamex, which possessed strong ACE-inhibitory activity
(IC50¼100–200mg/ml and 70mg/ml, respectively). Further, ACE inhibi-
tion was positively correlated (r2¼0.87) with bitterness of the hydroly-
sates. Fractionation by size-exclusion chromatography revealed that the
bitter substances, which also showed strong ACE inhibition, were <3kDa
in size and contained many hydrophobic residues, including Tyr, Phe,
Leu, Ile, Val, and Lys. Despite the bitterness, these hydrolysates may
have potential health benefits arising from their potent ACE-inhibitory
activity.
E. Other invertebrates

Fahmi et al. (2004) produced the hydrolysate of collagen obtained from a
sea bream scale and evaluated it with respect to ACE-inhibitory activity.
The scales were hydrolyzed using an alkaline protease treatment by
which 92% of the peptides were degraded to form hydrolysates. In addi-
tion, using SHRs, the oral administration of 300mg of the peptides (kg of
body weight)�1 d�1 was shown to decrease blood pressure significantly
(P<0.05). Four peptides that demonstrated high ACE-inhibitory activities
were isolated from the hydrolysate of the scales using chromatographic
methods. The amino acid sequences of inhibitory peptides were deter-
mined to be Gly-Tyr, Val-Tyr, Gly-Phe, and Val-Ile-Tyr. Among the
purified peptides, Val-Ile-Tyr had the highest ACE-inhibitory activity
(IC50¼7.5mM) followed by Val-Tyr (IC50¼16mM). The sea cucumber,
A. molpadioidea, was a novel ACE-inhibitory peptide, showing very low
similarities to other ACE-inhibitory peptide sequences and was sequenced
asMet-Glu-Gly-Ala-Gln-Glu-Ala-Gln-Gly-Asp (Zhao et al., 2009).

Byun and Kim (2001) reported that the aromatic amino acids at the
C-terminal and aliphatic amino acids at the N-terminal were designated
peptide binding sites for ACE as a competitive inhibitor. However, Maria
et al. (2009) reported that the casein hydrolysate had a hydrophobic
character and low MW. More specifically, they were rich in the amino
acids Pro, Val, and Phe, which contributes to the correct location of the
peptide in the active site of ACE. This is most likely due to the rigid
structure of this residue. In addition, their study suggested that the Pro,
Val, and Phe at the C-terminus may contribute to ACE-inhibiting activity.
In this chapter, the purified ACE-inhibitory peptides revealed were Pro,
Val, and Phe at the C-terminal, where they exhibited strong ACE-inhibi-
tory activity. The tripeptides with Pro, Val, and Phe hydrophobic amino
acids at the C-terminal have high ACE-inhibitory activity because of the
interaction between three subsites at the active site of ACE (Pihlanto-
Leppala, 2000). ACE-inhibitory activity correlation studies have indicated
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that ACE binding is strongly affected by the C-terminal tripeptide
sequence of the substrate, and that the tripeptide could interact with
ACE subsites S1, S01, and S02 (Pihlanto-Leppala, 2000). Therefore, marine
invertebrate-derived ACE-inhibitory peptides have a potential use as
functional ingredients in nutraceuticals and pharmaceuticals due to
their effectiveness in both prevention and treatment of hypertension in
addition to nutritive value. Some antihypertensive synthetic commercial
drugs are known to produce side effects such as an abnormal elevation of
the blood pressure after administration; however, marine invertebrate-
derived bioactive peptides are well tolerated by the body and are not
expected to cause any harmful side effects. In addition, cost-effective safe
drugs can be produced from marine bioactive peptides, but further stud-
ies are needed with clinical trials for these marine-derived antihyperten-
sive peptides.
IV. ANTI-ALZHEIMER’S ACTIVITY

A. Pathogenic mechanism of AD: Amyloid cascade hypothesis

According to recent epidemiologic studies, AD, a protein misfolding
disease, is recognized as a major problem in public health in industria-
lized countries. This progressive neurodegenerative disease generally
occurs after the age of 65 with prevalence around 2–4% at age 70 and
somewhere between 30% and 50% by age 90 (Holtzman, 2002). It begins
with short-term memory loss and continues with more widespread cog-
nitive dysfunctions. The ultimate cause of the disease is unknown. Mac-
roscopic changes found in brains with AD include shrinkage of the gyri,
widening of the sulci, and enlargement of the ventricles along with two
major microscopic lesions: extracellular amyloid plagues and intracellular
neurofibrillary tangles (Giorgio et al., 2006). The main constituent of the
accumulated amyloidic plaques in the brain is b-amyloid peptide (Ab).
After the cloning of the amyloid precursor protein (APP), it was revealed
that Ab must be excised from the middle of its larger precursor protein
(Kang et al., 1987). The two necessary proteolytic cleavage events, one at
the N-terminus by an enzyme termed ‘‘b-secretase’’ and one at the C-
terminus by an enzyme termed ‘‘g-secretase’’ have attracted a lot of
attention. This is understandable because Ab formation is the initial step
in the hypothetical amyloid cascade (Hardy and Allsop, 1991) and is thus
supposed to be ultimately responsible for the pathology of AD. Moreover,
the necessity of proteolytic cleavage for Ab generation immediately sug-
gests the existence of two potential therapeutic intervention targets which
could be addressed using standard protease inhibition approaches ( John
et al., 2003). Consequently, APP processing and Ab generation have been
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studied in a variety of systems by many investigators and their results are
summarized in Fig. 4.4. At least three distinct protease activities are
involved in processing the membrane protein APP along two major path-
ways: the a-secretase and the amyloid-forming b-secretase pathways.

A relatively small minority of APP molecules enter the b-secretase
pathway inwhichb-secretase cleavesAPP and releases a soluble fragment,
sAPPb. TheC-terminalmembrane-boundC99peptide is then cleavedby g-
secretasewithin the transmembrane domain, and twomajor isoforms of 40
and 42 amino acid lengths with different C-termini, Ab40 and Ab42, are
generated. Based on the amino acid sequence, b-secretase is predicted to be
a type I transmembrane protein with the active site on the lumenal side of
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the membrane where b-secretase cleaves APP. b-Secretase is an attractive
treatment for the AD target ( John et al., 2003).
B. Marine zooplankton

For the b-secretase inhibitor, many groups have focused on the identifica-
tion of inhibitors using high-throughput screening of compound collec-
tions and natural product extracts. The peptidic b-secretase (aspartic
protease, memapsin-2) inhibitor OM 99-1 and other aspartic protease
inhibitors have been developed (Ghosh et al., 2000). OM 99-2, an eight-
residue transition state inhibitor (Hu et al., 2006), and OM 00-3, a more
potent eight-residue transition state inhibitor (Turner et al., 2001), have
also been developed. Chitosan derivatives from crab shells exhibited
weak b-secretase inhibition (Byun et al., 2005; Je and Kim, 2005). Catechins
from green tea ( Jeon, et al., 2003), ellagic acid from pomegranate (Kwak
et al., 2005), hispidin from mycelial cultures of Phellinus linteus (Park et al.,
2004), and several compounds isolated from Sanguisorbae radix (Lee et al.,
2005) have all been studied as b-secretase inhibitors. In contrast, efforts to
discover naturally occurring b-secretase inhibitors have been relatively
limited. Several hydroxyl containing inhibitors have been reported
(Cumming et al., 2004). Byun et al. (2009a) studied b-secretase activity of
six hydrolysates from marine zooplankton and rotifers with different
enzymes (Alcalase, a-chymotrypsin, Neutrase, papain, pepsin, and tryp-
sin). In their study of the b-secretase-inhibitory activity, the highest IC50

value was exhibited by tryptic hydrolysate at 0.21mg/ml (Fig. 4.5).
The IC50 value of the purified b-secretase-inhibitory activity peptide was
183mM. The b-secretase-inhibitory peptide was identified as a sequence of
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FIGURE 4.5 b-Secretase-inhibitory activity of various enzymatic hydrolysates from

marine zooplankton, rotifer (Byun et al., 2009a).
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four amino acids, Gly-Arg-Gln-Lys by Q-TOF MS/MS. In addition, b-
secretase-inhibitory peptides Gly-Arg-Gln-Lys, Gly-Arg-Gln, Gly-Arg,
Arg-Gln-Lys, and Gln-Lys were synthesized by the solid-phase method.
Among the five synthesized peptides, Arg-Gln-Lys had the highest
b-secretase-inhibitory activity for 150.7mM.
V. ANTIOXIDANT ACTIVITY

A. Oxidative stress

Oxidation is a vital process in all living organisms even though its side
effect is the production of free radicals. Free radicals arise naturally
during metabolism and during respiration in aerobic organisms, being
by-products of normal reactions such as the production of calories, the
degradation of lipids, the catecholamine response due to stress, and
inflammatory processes (Wang et al., 2008b). During normal body reac-
tions, such as respiration, reactive oxygen species such as superoxide
anion radicals (O2), hydroxyl radicals (OH�), and radical species such as
hydrogen peroxide (H2O2) and singlet oxygen (1O2) are formed (Gülçin,
2009, 2010). When free radicals are produced in excess or are produced
and not eradicated, they can attack the closest molecules, subtracting
electrons and starting a chain reaction in which the new molecule with a
missing electron attacks other molecules (Kaur and Kapoor, 2001). It is
well documented that free radical formation is implicated in many human
diseases, such as health disease, stroke, arteriosclerosis, diabetes, and
cancer (Dávalos et al., 2004). In the human body, a variety of enzymatic
antioxidants, such as catalase, superoxide dismutase, and glutathione
peroxidase, helps maintain some control over oxidation processes
(Dimitrios, 2006). However, when an excess of free radicals is formed,
the body’s inherent protective antioxidant enzymatic systemmay become
overpowered and it can cause destructive and lethal cellular effects by
oxidizing lipids, proteins, DNA, and enzymes (Philanto, 2006).
B. Shellfish

As antioxidant peptides are rarely present in marine invertebrates, they
must be released from the parent protein by hydrolysis with enzymes.
Various enzymes have been used to release peptides from muscle pro-
teins. To date, different muscle proteins have been extracted, hydrolysed,
and their antioxidant activities studied, which is among all invertebrate
muscles the most similar to vertebrate skeletal muscle. Various studies
have been conducted to investigate the antioxidant properties of hydro-
lysates or bioactive peptides frommarine invertebrate sources like oysters
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(C. gigas; Qian et al., 2008b), fermented mussel sauce (M. edulis; Jung et al.,
2005; Rajapakse et al., 2005), and blue mussel (Mytilus coruscus; Jung et al.,
2007). Table 4.3 presents a list of studies on the antioxidant activities as
well as structural properties of peptides and hydrolysates.

Qian et al. (2008b) hydrolyzed gastrointestinal digestions of oysters by
gastrointestinal proteases and the purified peptide with the amino acid
sequenceLeu-Lys-Gln-Glu-Leu-Glu-Asp-Leu-Leu-Glu-Lys-Gln-Glu (MW
1.60kDa) and exhibited higher activity against polyunsaturated fatty acid
(PUFA) peroxidation than that of the native antioxidant, a-tocopherol. The
free radical scavenging assay conducted using electron spin resonance
(ESR) spectroscopy clearly exhibited that it scavenged hydroxyl radicals
and superoxide radicals at IC50 values of 28.76 and 78.97mM, respectively.
Jung et al. (2005) investigated the use of fermented blue mussel sauce
(FBMS). The antioxidative activities of FBMSs were investigated and
compared with that of a natural antioxidant with a-tocopherol standing
as a reference. Using consecutive chromatographic methods, the antiox-
idative peptide with a molecular mass of 620Da was purified from a
6-month-fermented sauce, and its sequence of the peptide was Phe-Gly-
His-Pro-Tyr. In addition, 64.8mM of the purified peptide could scavenge
89.5% of hydroxyl radicals in radical scavenging assay using ESR spectros-
copy. Rajapakse et al. (2005) used fermented mussel, which was identical
with Jung et al.’s (2005) FMBs. It and the hepta-peptide sequence, His-Phe-
Gly-Asp-Pro-Phe-His (MW 962Da), were found to be highly effective for
radical scavenging. FMBs could scavenge superoxide, hydroxyl, carbon-
centered, and 1,1-diphenyl-2-picrylhydrazyl (DPPH) radicals for 21, 34, 52,
and 96mMby IC50 values, respectively.Moreover, FMBs exhibited a strong
lipidperoxidation inhibition at 54mMconcentration, and itwas higher than
a-tocopherol. Jung et al. (2007) also gastrointestinally digested bluemussel
(M. coruscus) muscle by pepsin, trypsin, and a-chymotrypsin. The potent
antioxidant peptide, which was identified as Leu-Val-Gly-Asp-Glu-Gln-
Ala-Val-Pro-Ala-Val-Cys-Val-Pro (MW1.59kDa), exhibited higher protec-
tive activity against PUFA peroxidation than the native antioxidants,
ascorbic acid, and a-tocopherol.
C. Marine zooplankton

In another study conducted on marine zooplankton (Byun et al., 2009b),
antioxidant activity was measured for the DPPH radical of hydrolysates
produced by Alcalase, a-chymotrypsin, Neutrase, papain, pepsin, and
trypsin. To identify antioxidant peptides, peptic hydrolysate was purified
using consecutive chromatographic methods, and antioxidant peptides
were identified to be Leu-Leu-Gly-Pro-Gly-Leu-Thr-Asn-His-Ala (MW
1076Da) and Asp-Leu-Gly-Leu-Gly-Leu-Pro-Gly-Ala-His (MW 1033Da)
by Q-TOF ESI mass spectroscopy. IC50 values of purified peptides were



TABLE 4.3 Antioxidant activity peptides derived from invertebrates: origin, amino acid sequence, enzyme used for hydrolysis, and IC50 value

Origin Amino acid sequence Radical

Scavenging

activity, IC50 (mM) References

Oyster, Crassostrea gigas Leu-Lys-Gln-Glu-Leu-Glu-Asp-

Leu-Leu-Glu-Lys-Gln-Glu

Hydroxyl 28.76 Qian et al. (2008b)

Superoxide 78.97

Fermented blue mussel,

Mytilus edulis

Phe-Gly-His-Pro-Tyr Hydrl 64.8

(RAS at 89.5%)

Jung et al. (2005)

His-Phe-Gly-Asp-Pro-Phe-His 34 Rajapakse et al.
(2005)21

Hydroxyl 96

Gastrointestinal digests

of Mytilus coruscus

Leu-Val-Gly-Asp-Glu-Gln-Ala-Val-

Pro-Ala-Val-Cys-Val-Pro

Superoxide 31.44 (RAS at

75.04%)

Jung et al. (2007)

Rotifer, Brachionus

rotundiformis

Leu-Leu-Gly-Pro-Gly-Leu-Thr-Asn-

His-Ala

DPPH 189.8 Byun et al. (2009b)

Asp-Leu-Gly-Leu-Gly-Leu-Pro-Gly-

Ala-His

DPPH 167.7

Rotifer, Brachionus

calyciflorus

Gly-His-Asp-Gly-Tyr-Glu-Pro-Leu-

Ser-Ser

DPPH 100.8 Lee et al. (2010b)



Blank Control 458.2 229.1 114.5 mM

FIGURE 4.6 Protective effect on oxidative DNA damage of purified peptide from

freshwater rotifer protein at various concentrations. Blank: untreated sample and H2O2,

Control: distilled water instead of sample (Lee et al., 2010b).
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189.8 and 167.7mM, respectively. In freshwater rotifers (Lee et al., 2010b),
the IC50 value of the purified antioxidant peptide was 100.8mM. The
antioxidant peptide was identified as a sequence of 10 amino acids, Gly-
His-Asp-Gly-Tyr-Glu-Pro-Leu-Ser-Ser (MW 1091Da), by N-terminal
amino acid sequence analysis. The purified peptide exhibited an inhibi-
tory effect against induced DNA oxidation (Fig. 4.6). Hydroxyl radicals
have been known to cause oxidative damage in DNA structures by relax-
ing the DNA or denaturing it.

The results of this study strongly suggest that purified peptides can
prevent oxidative damage to DNA when the DNA is exposed to OH�

generated by the Fenton reaction. With the purified peptide of protective
activity against DNA oxidation, a clear dose-dependent effect was
observed. In this result, the effect of purified peptide was to protect
hydroxyl radical-induced DNA damage.
D. Other invertebrates

Purple sea urchin (Strongylocentrotus nudus) gonads were treated sepa-
rately with neutral protease, papain, pepsin, and trypsin (Qin et al., 2011).
The resultant hydrolysates were fractionated using a series of ultrafiltra-
tion membranes (MWCO 10, 5, 3, and 1kDa). Five fractions were prepared
from each hydrolysate, and the corresponding MW ranges were below 10
kDa, 5–10kDa, 3–5kDa,1–3kDa, and below 1kDa. The peptide fractions
were evaluated for antioxidant activity by using the DPPH assay and
reducing power assay. Results indicated that all peptide fractions pos-
sessed DPPH radical scavenging capacities and reduced power in a dose-
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dependent manner. For all four hydrolysates, fractions below 1kDa exhib-
ited the highest DPPH radical scavenging capacity. The fractions below
1 kDa were prepared with neutral protease, papain, and pepsin, and the
1–3-kDa fraction prepared with trypsin showed the highest reducing
capacity among corresponding hydrolysates.

Antioxidative properties of the peptides are more related to their
composition, structure, and hydrophobicity (Chen et al., 1998). Tyr, Trp,
Met, Lys, Cys, and His are examples of amino acids that cause antioxidant
activity (Wang and De Mejia, 2005). Amino acids with aromatic residues
can donate protons to electron-deficient radicals. This property improves
the radical-scavenging properties of the amino acid residues (Rajapakse
et al., 2005). It is proposed that the antioxidative activity of His-
containing peptides is in relation with the hydrogen-donating, lipid per-
oxidation, radical trapping, and/or the metal ion-chelating ability of the
imidazole group (Rajapakse et al., 2005). On the other hand, the SH group
in cysteine has an independently crucial antioxidant action due to its
direct interaction with radicals (Qian et al., 2008a). In addition to the
presence of proper amino acids, their correct positioning in the peptide
sequence plays an important role in antioxidant activity of peptides
(Rajapakse et al., 2005).

Rajapakse et al. (2005) purified antioxidant peptides following the
structure of His-Phe-Gly-Asp-Pro-Phe-His from the digestion of fermen-
ted blue musselM. edulis. It was revealed that the antioxidant activity of a
peptide was more dependent on the His segment in the N-Pro-Phe-His
domain. According to the results from the same study, the His sequence
displayed the greatest antioxidative activity with rotifer B. rotundiformis
(Byun et al., 2009b). Table 4.3 provides information regarding the effect of
amino acid compositions and their correct positioning in peptide
sequences.
VI. ANTIMICROBIAL ACTIVITY

Antimicrobial peptides (AMPs) are a group of molecules exhibiting anti-
microbial activity in vitro. In nature, they constitute an important part of the
innate immune system in animals where they participate in the neutraliza-
tion and elimination of intruding microorganisms (Zasloff, 2002). This
chapter aims to discuss AMPs from marine invertebrates, mainly empha-
sizing the challenges and perspectives of purifying such peptides. In addi-
tion, different aspects concerning their antimicrobial potential are
discussed. For a more general description of these molecules, recent review
articles are available (Otero-Gonzalez et al., 2010; Smith et al., 2010). In this
chapter, AMPs are considered as peptides/proteins between 1 and 12kDa,
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exhibiting a profound activity against microorganisms in vitro, and which
are coded by single genes and ribosomally synthesized. Many low MW,
extensively modified, and cyclic peptides have been characterized from
sponges and tunicates. These peptides are presumably produced nonribo-
somally or by associated microorganisms and will therefore not be imple-
mented in this chapter. Peptides with antimicrobial activity but obtained
from larger proteins or classified with other functions are also omitted.
However, the distinction between AMPs and some other peptides showing
antimicrobial activity is rather unclear.

Marine-derived AMPs are well described in the hemolymph of the
many marine invertebrates (Tincu and Taylor, 2004), including spider
crabs (Stensvag et al., 2008), oysters (Liu et al., 2008), American lobsters
(Battison et al., 2008), shrimp (Bartlett et al., 2002), and green sea urchins
(Li et al., 2008). Liu et al. (2008) isolated a novel peptide CgPep33 with
high inhibitory activity against bacteria such as Escherichia coli, Pseudo-
monas aeruginosa, Bacillus subtilis, and fungi such as Botrytis cinerea and
Penicillium expansum from the Pacific oyster (C. gigas) via enzymatic
hydrolysis, and purified with DEAE Sephadex A-25 ion exchange,
Sephadex G-25 gel filtration, and HPLC. CgPep33 inhibited the in vitro
growth of B. cinerea by 50% at 20–40mg/ml and by 100% at 120mg/ml.
More interestingly, the IC50 values of this peptide against the above
bacteria and fungi were 18.6–48.2mg/ml (Liu et al., 2007, 2008). Bartlett
et al. (2002) reported that arthropod AMPs, while characterized primar-
ily from insects, also have been isolated from crustaceans. Expressed
sequence tag analysis of hemocyte complementary DNA libraries from
two species of shrimp, Litopenaeus vannamei and Litopenaeus setiferus,
revealed transcripts with strong sequence similarity to an 11.5-kDa
antibacterial peptide which identified Pro-Arg-Pro amino acid sequence.
Further, an active peptide, Arg-Arg-Trp-Trp-Cys-Arg-X (X is an amino
acid or an amino acid analog), against the herpes virus has been isolated
from the enzymatic hydrolysate of oyster C. gigas. This peptide showed
high inhibitory activity on the herpes virus (Zeng et al., 2008). Zeng et al.
(2008) obtained four fractions of hydrolysates according to MW <1, 1–5,
5–10, and higher than 10kDa. Among them, the peptide purified from
5- to 10-kDa fractions had a higher biological activity than other
fractions. The need to discover new antimicrobial substances is impor-
tant due to the progressive development of resistance by pathogenic
microorganisms against conventional antibiotics (Kim and Wijesekara,
2010). Marine invertebrates, representing an enormous genetic and
biological diversity, have proven to be a rich source for discovering potent
AMPs with novel and unique structural motifs. Therefore, it might be
suggested that theseAMPs have potent capacities for new antibiotic devel-
opment in the pharmaceutical and food industries as novel antimicrobial
agents.
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VII. OTHER BIOLOGICAL ACTIVITY

The countless skin pathologies are correlated with exposure to UV light.
Skin exposure to UV radiation induces critical effects for photodamage,
which is characterized by distinct alterations in the composition of the
dermal extracellular matrix resulting in wrinkles, laxity, coarseness, a
mottled pigmentation, and histological changes that include increased
epidermal thickness and connective tissue alteration (Kondo, 2000; Rittie
and Fisher, 2002). The connective tissue of skin is made up of dozens of
biomolecules including collagens, proteoglycans, and glycoproteins.
Moreover, the breakdown of balance of the combination between these
components leads to the detrimental effect in dermal fibroblasts like
photoaging. Several investigations have described the deficiency of colla-
gen in photoaged skin due to the inhibition of synthesis and the degrada-
tion mediated by matrix metalloproteinases (MMPs).

Kwon et al. (2007) revealed the antiwrinkle effects of peptides derived
from collagens isolated from the starfish Asterias amurensis. The purified
collagen peptides were fractions (F1: 116kDa; F2: 100kDa; F3: 58kDa; F4:
43kDa; F5: 24kDa), and these peptides were reduced to 34.8% for MMP-1
expression of UVA-induced human normal fibroblasts at 1.0mg/ml. The
starfish A. amurensis’ antiwrinkle collagen peptides had superior anti-
wrinkle effects of approximately 20kDa. Barnacle (Mannello et al., 2003)
(Balanus amphitrite) larvae MMPs showed biochemical characteristics dif-
ferent from those of vertebrate MMPs but common to other gelatinases
from marine invertebrates; they were unaffected by several protease
inhibitors and insensitive to specific activators’ inhibitors of vertebrate
MMPs.
VIII. CONCLUSION

In recent years, the marine environment has been shown to provide
extremely rich biological active compounds. One of the hydrolysates
derived from the marine invertebrate seems to possess many biological
activities. Nowadays, major public health problems (including hyperten-
sive, antioxidant, AD, and antibacterial) are in most cases treated by
medicines containing synthetic drugs, which can cause serious side
effects. Naturally occurring bioactivity peptides derived from marine
organism proteins that are consumed daily can be used as components
for functional foods or nutraceuticals. In this chapter, more particularly,
marine invertebrates as a source of bioactive peptides were considered.
Marine invertebrate muscle itself can act as a biologically active food
through digestion with appropriate enzymes.
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This suggests that products with bioactive peptides derived from
marine invertebrates can meet the needs of marine organism-derived
products due to health and/or religious reasons. From such a viewpoint,
hydrolysates or bioactive peptides from marine invertebrates can be
interesting sources of bioactivity peptides in the treatment of chronic
diseases.
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Gülçin, Ï. (2010). Antioxidant properties of resveratrol: A structure-insight. Innov. Food Sci.

Emerg. Technol. 11, 210–218.
Hardy, J. and Allsop, D. (1991). Amyloid deposition as the central event in the aetiology of

Alzheimer’s disease. Trends Pharmacol. Sci. 12, 383–388.
He, H. L., Chen, X. L., Sun, S. Y., Zhang, Y. Z., and Zhou, B. C. (2006). Analysis of novel

angiotensin-I-converting enzyme inhibitory peptides from protease-hydrolyzed marine
shrimp Acetes chinensis. J. Pept. Sci. 12, 726–733.

Holtzman, D. M. (2002). Ab conformational change is central to Alzheimer’s disease. Neuro-

biol. Aging 23, 1085–1088.
Hu, B., Xiong, B., Qiu, B. Y., Li, X., Yu, H. P., Xiao, K., Wang, X., Li, J., and Shen, J. K. (2006).

Construction of a small peptide library related to inhibitor OM99-2 and its structure-
activity relationship to beta-secretase. Acta Pharmacol. Sin. 12, 1586–1593.

Huang, R., Li, N., Zeng, Q., Deng, Q., and Chen, B. (2011). Extraction and separation of
angiotensin-converting enzyme inhibitor from enzymatic hydrolysate of oyster. Adv.
Mat. Res. 236, 2610–2614.

Je, J. Y. and Kim, S. K. (2005). Water-soluble chitosan derivatives as a b-secretase inhibitor.
Bioorg. Med. Chem. Lett. 13, 6551–6555.

Je, J. Y., Park, J. Y., Jung, W. K., Park, P. J., and Kim, S. K. (2005a). Isolation of angiotensin I
converting enzyme (ACE) inhibitor from fermented oyster sauce, Crassostrea gigas. Food
Chem. 90, 809–814.

Je, J. Y., Park, P. J., Byun, H. G., Jung, W. K., and Kim, S. K. (2005b). Angiotensin I converting
enzyme (ACE) inhibitory peptide derived from the sauce of fermented blue mussel,
Mytilus edulis. Bioresour. Technol. 96, 1624–1629.

Jeon, Y. J., Byun, H. G., and Kim, S. K. (1999). Improvement of functional properties of cod
frame protein hydrolysates using ultrafiltration membranes. Process Biochem. 35, 471–478.

Jeon, S. Y., Bae, K. H., Seong, Y. H., and Song, K. S. (2003). Green tea catechins as a b-secretase
(BACE1) inhibitor. Bioorg. Med. Chem. Lett. 13, 3905–3908.

John, V., Beck, J. P., Bienkowski, M. J., Sinha, S., and Heinrikson, R. L. (2003). Human b-
secretase (BACE) and BACE inhibitors. J. Med. Chem. 46, 4625–4630.

Jung, W. K., Rajapakse, N., and Kim, S. K. (2005). Antioxidative activity of a low molecular
weight peptide derived from the sauce of fermented blue mussel,Mytilus edulis. Eur. Food
Res. Technol. 220, 535–539.

Jung, W. K., Qian, Z. J., Lee, S. H., Choi, S. Y., Sung, N. J., Byun, H. G., and Kim, S. K. (2007).
Free radical scavenging activity of a novel antioxidative peptide isolated from in vitro
gastrointestinal digests of Mytilus coruscus. J. Med. Food 10, 197–202.

Kang, J., Lemaire, H. G., Unterbeck, A., Salbaum, J. M., Msters, C. L., Grzeschik, K. H.,
Multhaup, G., Beyreuther, K., and Muller-Hill, B. (1987). The precursor of Alzheimer’s
disease amyloid A4 protein resembles a cell-surface receptor. Nature 325, 733–736.

Katano, S., Oki, T., Matsuo, Y., Yoshihira, K., Nara, Y., Miki, T., Matsui, T., and
Matsumoto, K. (2003). Antihypertensive effect of alkaline protease hydrolysate of the
pearl oyster Pinctada fucata martencii & separation and identification of angiotensin-I
converting enzyme inhibitory peptides. Nippon Suisan Gakk. 69, 975–980.

Kaur, C. and Kapoor, H. C. (2001). Antioxidant in fruits and vegetables—The millennium’s
health. Int. J. Food Sci. Technol. 36, 703–725.



70 Jung Kwon Lee et al.
Kawamura, Y., Takane, T., Stake, M., and Sugimoto, T. (1992). Physiologically active peptide
motif in proteins: Peptide inhibitors of ACE from the hydrolysates of Antarctic krill
muscle protein. Jpn. Agric. Res. Quart. 26, 210–213.

Kim, S. K. and Mendis, E. (2006). Bioactive compounds from marine processing bypro-
ducts—A review. Food Res. Int. 39, 383–393.

Kim, S. K. and Rajapakse, N. (2005). Enzymatic production and biological activities of
chitosan oligosaccharides (COS): A review. Carbohydr. Polym. 62, 357–368.

Kim, S. K. andWijesekara, I. (2010). Development and biological activities of marine-derived
bioactive peptides: A review. J. Funct. Foods 2, 1–9.

Kim, S. K., Kim, Y. T., Byun, H. G., Park, P. J., and Ito, H. (2001). Purification and characteri-
zation of antioxidative peptides from bovine skin. J. Biochem. Mol. Biol. 34, 214–219.

Kim, S. K., Nghiep, N. D., and Rajapakse, N. (2006). Therapeutic prospectives of chitin,
chitosan, and their derivatives. J. Chitin Chitosan 11, 1–10.

Kondo, S. (2000). The roles of cytokines in photoaging. J. Dermatol. Sci. 23, 30–36.
Kwak, H.M., Jeon, S. Y., Sohng, B. H., Kim, J. G., Lee, J. M., Lee, K. B., Jeong, H. H., Hur, J. M.,

Kang, Y. H., and Song, K. S. (2005). b-secretase (BACE1) inhibitors from pomegranate
(Punica granatum) husk. Arch. Pharm. Res. 28, 1328–1332.

Kwon, M. C., Kim, C. H., Kim, H. S., Syed, A. Q., Hwang, B. Y., and Lee, H. Y. (2007). Anti-
wrinkle activity of low molecular weight peptides derived from the collagen isolated
from Asterias amurensis. Korean J. Food Sci. Technol. 39, 625–629.

Lee, H. J., Seong, Y. H., Bae, K. H., Kwon, S. H., Kwak, H. M., Nho, S. K., Kim, K. A.,
Hur, J. M., Lee, K. B., Kang, Y. H., and Song, K. S. (2005). Beta-secretase (BACE1)
inhibitors from Sanguisorbae radix. Arch. Pharm. Res. 28, 799–803.

Lee, J. K., Hong, S., Jeon, J. K., Kim, S. K., and Byun, H. G. (2009). Purification and
characterization of angiotensin I converting enzyme inhibitory peptides from the rotifer,
Brachionus rotundiformis. Bioresour. Technol. 100, 5255–5259.

Lee, J. K., Lee, M. S., Park, H. G., Kim, S. K., and Byun, H. G. (2010a). Angiotensin I
converting enzyme inhibitory peptide extracted from freshwater zooplankton. J. Med.
Food 13, 357–363.

Lee, J. K., Yun, J. H., Jeon, J. K., Kim, S. K., and Byun, H. G. (2010b). Effect of anti-
oxidant peptide isolated from Brachionus calyciflorus. J. Korean Soc. Appl. Biol. Chem. 53,
192–197.

Lee, J. K., Jeon, J. K., and Byun, H. G. (2011). Effect of angiotensin I converting enzyme
inhibitory peptide purified from skate skin hydrolysate. Food Chem. 125, 495–499.

Li, C., Haug, T., Styrvold, O. B., Jorgensen, T. O., and Stensvag, K. (2008). Strongylocins,
novel antimicrobial peptides from the green sea urchin. Dev. Comp. Immunol. 32,
1430–1440.

Liu, Z., Zeng, M., Dong, S., Xu, J., Song, H., and Zhao, Y. (2007). Effect of an antifungal
peptide from oyster enzymatic hydrolysates for control of gray mold (Botrytis cinerea) on
harvested strawberries. Postharvest Biol. Technol. 46, 95–98.

Liu, Z., Dong, S., Xu, J., Zeng, M., Song, H., and Zhao, Y. (2008). Production of cysteine-rich
antimicrobial peptide by digestion of oyster (Crassostrea gigas) with alcalase and brome-
lin. Food Control 19, 231–235.

Mannello, F., Canesi, L., Faimali, M., Piazza, V., Gallo, G., and Geraci, S. (2003). Characteri-
zation of metalloproteinase-like activities in barnacle (Balanus amphitrite) nauplii. Comp.

Biochem. Physiol. B Biochem. Mol. Biol. 135, 17–24.
Maria, M. C., Rosalia, C., Maria, J. M., Mercedes, R., and Isidra, R. (2009). Novel casein-

derived peptides with antihypertensive activity. Int. Dairy J. 19, 566–573.
Matsufuji, H., Matsui, T., Seki, E., Osajima, K., Nakashima, M., and Osajima, Y. (1994).

Angiotensin I-converting enzyme inhibitory peptides in an alkaline protease hydrolyzate
derived from sardine muscle. Biosci. Biotechnol. Biochem. 58, 2244–2245.



Bioactive Peptides from Marine Invertebrates 71
Matsumoto, K., Ogikubo, A., Yoshino, T., Matsui, T., and Osajima, Y. (1994). Separation and
purification of angiotensin-I converting enzyme inhibitory peptide in peptic hydrolyzate
of oyster. J. Jpn. Soc. Food Sci. Technol. 41, 589–594.

Mendis, E., Rajapakse, N., and Kim, S. K. (2005). Antioxidant properties of a radicals
scavenging peptide purified from enzymatically prepared fish skin gelatin hydrolysate.
J. Agric. Food Chem. 53, 581–587.

Oota, S. and Saitou, N. (1999). Phylogenetic relationship of muscle tissues deduced from
superimposition of gene trees. Mol. Biol. Evol. 16, 856–867.

Otero-Gonzalez, A. J., Magalhaes, B. S., Garcia-Villarino, M., Lopez-Abarrategui, C.,
Sousa, D. A., Dias, S. C., and Franco, O. L. (2010). Antimicrobial peptides from marine
invertebrates as a new frontier for microbial infection control. FASEB J. 24, 1320–1334.

Park, I. H., Jeon, S. Y., Lee, H. J., Kim, S. I., and Song, K. S. (2004). A b-secretase (BACE1)
inhibitor hispidin from the mycelial cultures of Phellinus linteus. Planta Med. 70, 143–146.

Philanto, A. (2006). Antioxidative peptides derived from milk proteins. Int. Dairy J. 16,
1306–1314.

Pihlanto-Leppala, A. (2000). Bioactive peptides derived from bovine whey proteins: Opioid
and ace-inhibitory. Trends Food Sci. Technol. 11, 347–356.

Qian, Z. J., Jung, W. K., and Kim, S. K. (2008a). Free radical scavenging activity of a novel
antioxidative peptide purified from hydrolysate of bullfrog skin, Rana catesbeiana Shaw.
Bioresour. Technol. 99, 1690–1698.

Qian, Z. J., Jung, W. K., Byun, H. G., and Kim, S. K. (2008b). Protective effect of an
antioxidative peptide purified from gastrointestinal digests of oyster, Crassostrea gigas

against free radical induced DNA damage. Bioresour. Technol. 99, 3365–3371.
Qin, L., Zhu, B. W., Zhou, D. Y., Wu, H. T., Tan, H., Yang, J. F., Li, D. M., Dong, X. P., and

Murata, Y. (2011). Preparation and antioxidant activity of enzymatic hydrolysates from
purple sea urchin (Strongylocentrotus nudus) gonad. LWT Food Sci. Technol. 44, 1113–1119.

Rajapakse, N., Mendis, E., Jung, W. K., Je, J. Y., and Kim, S. K. (2005). Purification of a radical
scavenging peptide from fermented mussel sauce and its antioxidant properties. Food
Res. Int. 38, 175–182.

Rittie, L. and Fisher, G. J. (2002). UV-light-induced signal cascades and skin aging. Ageing
Res. Rev. 1, 705–720.

Rønnestad, I., Tonheim, S. K., Fyhn, H. J., Rojas-Garcia, C. R., Kamisaka, Y., Koven, W.,
Finn, R. N., Terjesen, B. F., Barr, Y., and Conceição, L. E. C. (2003). The supply of amino
acids during stages of marine fish larvae: A review of recent findings. Aquaculture 227,
147–164.

Shiozaki, K., Shiozaki, M., Masuda, J., Yamauchi, A., Ohwada, S., Nakano, T., Yamaguchi, T.,
Saito, T., Muranoto, K., and Sato, M. (2010). Identification of oyster-derived hypotensive
peptide acting as angiotensin-I-converting enzyme inhibitor. Fish Sci. 76, 865–872.

Simpson, B. K., Nayeri, G., Yaylayan, V., and Ashie, I. N. A. (1998). Enzymatic hydrolysis of
shrimp meat. Food Chem. 61, 131–138.

Skeggs, L. T., Kahn, J. E., and Shumway, N. P. (1957). The preparation and function of the
angiotensin-converting enzyme. J. Exp. Med. 13, 295–299.

Smith, V. J., Desbois, A. P., and Dyrynda, E. A. (2010). Conventional and unconventional
antimicrobials from fish, marine invertebrates and micro-algae. Mar. Drugs 8, 1213–1262.

Stensvag, K., Haug, T., Sperstad, S. V., Rekdal, O., Indrevoll, B., and Styrvold, O. B. (2008).
Arasin 1, a proline-arginine-rich antimicrobial peptide isolated from the spider crab,
Hyasaraneus. Dev. Comp. Immunol. 32, 275–285.

Tincu, J. A. and Taylor, S. W. (2004). Antimicrobial peptides from marine invertebrates.
Antimicrob. Agents Chemother. 48, 3645–3654.

Tsai, J. S., Lin, T. C., Chen, J. L., and Pan, B. S. (2006). The inhibitory effects of freshwater clam
(Corbicula fluminea, Muller) muscle protein hydrolysate on angiotensin I converting
enzyme. Process Biochem. 41, 2276–2281.



72 Jung Kwon Lee et al.
Turner, R. T., Koelsch, G., Hong, L., Castanheira, P., Ermolieff, J., Ghosh, A. K., and Tang, J.
(2001). Subsite specificity of memapsin 2 (b-secretase): Implications for inhibitor design.
Biochemistry 40, 10001–10006.

Wang, W. Y. and De Mejia, E. G. (2005). A new frontier in soy bioactive peptides that may
prevent age-related chronic diseases. Compr. Rev. Food Sci. Food. Saf. 4, 63–78.

Wang, D., Wang, L. J., Zhu, F. X., Chen, X. D., Zou, L., Saito, M., and Li, L. T. (2008a). In vivo
and in vitro studies on the antioxidant activities of the aqueous extracts of Douchi (a
traditional Chinese salt-fermented soybean food). Food Chem. 107, 1421–1428.

Wang, J., Hu, J., Cui, Z., Bai, X., and Du, Y. (2008b). Purification and identification of a ACE
inhibitory peptide from oyster proteins hydrolysate and the antihypertensive effect of
hydrolysate in spontaneously hypertensive rats. Food Chem. 111, 302–308.

Zasloff, M. (2002). Antimicrobial peptides of multicellular organisms. Nature 415, 389–395.
Zeng, M., Cui, W., Zhao, Y., Liu, Z., Dong, S., and Guo, Y. (2008). Antiviral active peptide

from oyster. Chin. J. Oceanol. Limnol. 26, 307–312.
Zhao, Y., Dong, S., Liu, Z., Zhao, X., Wang, J., and Zeng, M. (2009). A novel ACE inhibitory

peptide isolated from Acaudina molpadioidea hydrolysate. Peptides 30, 1028–1033.


	Characterization of Bioactive Peptides Obtained from Marine Invertebrates
	Introduction
	Preparation of Bioactive Peptides from Invertebrates
	Antihypertensive Activity
	The mechanism of hypertensive
	Shellfish
	Marine zooplankton
	Crustaceans
	Other invertebrates

	Anti-Alzheimer's Activity
	Pathogenic mechanism of AD: Amyloid cascade hypothesis
	Marine zooplankton

	Antioxidant Activity
	Oxidative stress
	Shellfish
	Marine zooplankton
	Other invertebrates

	Antimicrobial Activity
	Other Biological Activity
	Conclusion
	References


