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Production and biological applications for marine proteins and peptides- An overview
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Abstract

Although more than 80% of living organisms are
found in marine ecosystems, only less than 10% of
marine resources have been utilized for human food
consumptions and other usages. It is well known
that marine resources (fish, shellfish and algae) have
exceptional nutritional properties; however, their
functional characteristic has not been completely dis-
covered. It is believed that metabolites (organic com-
pounds, proteins, peptides, lipids, minerals, etc.) play
an important role to show its biological properties.
Marine proteins and peptides are considered to be

future drugs due to their excellent biological activi-

ties with a fewer adverse side effect. Marine peptides
show several biological activities, including antimi-
crobial, antioxidant, anti—inflammatory, anti—cancer,
anti—viral, anti—tumor, anti—diabetic, anti—hyperten-
sive, anti—coagulant, immunomodulatory, appetite
suppressing and neuroprotective effects. Therefore,
the pharmaceutical, nutraceutical, and cosmeceutical
companies have been paid attention to the marine
peptides to commercialize into products. This cur-
rent review mainly focused on the above mentioned
biological activities of marine peptides and protein
hydrolysates as a functional food and pharmaceutical
applications.

To commercialize these materials in industrial level
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required large quantity in high—purity level, and it is
complicated to produce huge quantity from the marine
resources due to insufficient raw materials, unavail-
ability of raw materials through a year, hinder the
growth with geographical variations, and availability
of compounds in extreme small quantities. The best
solution for these issues is to introduce new mod-
ern technologies such as artificial intelligence robots,
drones, submersibles and automated raw material har-
vesting vessels in farming industries instead of man

power, which will lead to 4th industrial revolution.

Key Words: marine proteins and peptides, antioxi-
dant, anti-hypertensive, antimicrobial, protein Hy-

drolysates.
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Fig.1 Schematic diagram of the three—step recycling membrane reactor for production and separation of enzymatic hydrolysates. TI,
temperature indicator; Pl pressure indicator; FI, flow indicator; pHIC, pH indicator controller; FH, first hydrolysates; SH, second

hydrolysates; TH, third hydrolysate.
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Kallikrin-kinin
(pressure dropping)

Renin-angiotensin
(pressure elevation

kininogen

l «—— Kallikrein

Angiotensin I

Active kinin
Angiotensin I-converting
-
enzymes
l (Kininase)

Inactive kinin

Fig. 2. Blood pressure control mechanism.
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Table 1, ACE inhibitor peptides derived from marine organisms

Protein source Enzyme Peptide Reference
Algae protein waste Pepsin Val-Glu—Cys—Tyr-Gly—Pro—Asn—Arg—Pro—GIn—Phe Sheih %, (2009)
lle=Tyr
Wakame Protease
« » Val-T Sato 5, (2002
(Undaria pinnatifida) S “Amano Il:—TrI;;p a0 3, ( )
Alcalase, ;
Alaska pollack Gly-Pro-Leu Byun I} Kim (2001)

Pronase, Collagenase

Trp—Pro-Glu-Ala—Ala-Glu-Leu-Met-Met-Glu—Val-

. . ian = (2
Big eye tuna (muscle)  Pepsin Asp-Pro Qian %, (2007)
. . Gly-Asp-Leu—Gly-Lys—Thr=Thr-Thr—Val-Ser—Asn—
fr P L 201
Big eye tuna (frame) epsin Trp—Ser—Pro—Pro—Lys—Try—Lys—Asp—Thr-Pro ee 5, (2010)
Shrimp Protease Ile—Phe—Val-Pro—Ala—Phe Lun %, (2006)
Hard clam Protamex Tyr-Asn Tsai 5, (2008)
Bromelain,
Sea cucumber Alcalase, Met-Glu-Gly-Ala-GIln—Glu-Ala-GIln-Gly—-Asp Zhao 5, (2009)
Protease
Asp—Asp—Thr-Gly—His—Asp—Phe—Glu—-Asp—Thr-Gly-
Rotifer Alcalase SPTASp Gly~His~Asp=Phe~Glu=Asp Y Lee =, (2009)
Glu-Ala—Met
. Suetsuna 2} Nakano
Wakame Pepsin Tyr-Asn—Lys—Leu (2000)
Microalga Pepsin Val-Glu—Cys—Tyr-Gly—Pro—Asn—Arg—Pro—-GIn-Phe Sheih %, (2009b)
Sea bream Protease Val-Tle—-Tyr Fahmi <, (2004)
Yellow fin sole a—Chymotrypsin Met-Ile—Phe—Pro—Gly—Ala-Gly—Gly—Pro-Glu-Leu Jung 5, (2006a)

Sardine muscle Alkaline protease Lys—Trp Matsufuji %5, (1994)
Dried skipjack . Fujita 2} Yoshikawa
Thermol —Lys—Pro—Met-Asn,
tuna muscle ermolysin Leu-Lys—Pro—Met-Asn (1999)
Skipjack . . =
Acid extract Pro—Thr—His—Ile-Lys—Trp—Gly—Asp Kohama 5, (1988)
tuna muscle
Salmon

chum muscle

Thermolysin

Phe-Leu, Leu—Phe

Ono %, (2005)

Shark meat

Protease SM98011

Cys—Phe, Glu—Try, Phe-Glu

Wu 5, (2008)

Shrimp
Acetes chinensis

L. fermentum SM
605

Gly-Thr-Gly, Ser—Thr

Wang 5, (2008a)

Oyster protein Pepsin Val-Val-Tyr—Pro—Trp—Thr-Gln—Arg—Phe Wang %, (2008b)
Anchovy fermented fish Unknown Lys—Pro Ichimura 5, (2003)
sauce

O|5L o FLORAE ofz] T IGRAT  PEolke P 250 med] FoRDT A9 folHoE

422 Joffsto] 1 EallEe] ACE A3 24 A
B35} & A (thermolysin) 2] &
dl=o] 7MY et ACE Adlf 2442 yEho]
¢ Zpd 9 F(SHR) 7

B A3, S T

(IC,,=29 pg/ml) 13

247 6}1@— ERE TReRA 7R 0] 2]

k=)

iﬂﬂg KKPNM % WHHT)E 617 2] AA S 11
o 2 nFef shapol A shFof| 1.5 g FHAIX] A
t, 4»%71 o] A7] HHEB0E) A= 11.7
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Hx A Byl TAE HEE A7]A 30000 & =5 Wekth Captopril -2 tjzte]l tigh IC gk
TR 47EA) A1ES TEQto] =2 AlgtollAl A%t S-S =2 thEAdolA HarE ACE As) gt
3 54 B8 AlEa o= S7heteleh. ek o] 1} vlask= Aol Fasieh A19)9|(In vitro) A3l
25 gz dAeEsaAaR Eafste] o W R Z(simulation) 914 o] &3 AGE S &
% ACE A3l HE| = AlehS thd o= 3F b ol AREe A LES A7 28] dizt e =
Atell A L gt geluo] 54 B AEeg ¢l 9 7Fe S UEhe ARy otk
%) =] 21 cH(Saito, 2012). A Woll A ACE Aslf @iz 7hpitafEolut:
TE A AR Age Yd-dRed PE= Fud) 489 7Fe S A= S
Al AARIRAS) 7 &9] A mz2H(manipulator) 2 014 3 @Al Y 189 F(SHR)E ©]&
ACE A 8fjo]] 27 o] ur3=0]A It} Captopril, Enal- 3t SEAF otk whe §i25F, ojujF U 4715
april, Alcacepril @ Lisinopril 72 34 ACE A3} HAMEO] il A hg B Eolu} #HE|=50] SHR
A DAL A% W A AN D2 AREE o YA TS ehisy, a0z o
1 glont 71, el kg, gl R W R Ul slerp WHEES kg T 10mgo.E AT
2o B opAd S gtk DB 1BY Folshddn) £57] HUEDP)Y Fat BxT

12

.

o] =2} & gt A RAZA AAA ] £4  of H]3) 25 mmHg Y= 2 @ettHe &, 2005; Jung

Stz AR ARl Ilo] obx|a Sl 5. 2006; Lee 5, 2010). ©] -2 SDP| k4= &
2, ofulF W FATERARSO|A ZFEEt o} oF¢l Captopril 2} H]S=3E A9FE Ho] HY &9t

e 2 TR ACEA S e =50 Ze=o]  ofer Zgo] 7|tiEth

1 5/do] ¥ Aleh Table 1014 & o= Q= Hie} 1]} (Undaria pinnatifida)of| 4] -F2fE ACE #

Zro] ACE A&f He|t= vl & A BEx=Fo] 22 3f tetrapeptide(YKYY, KFYG ¥ YNKL):= kg &

obu| At v H-E 281 let. WS ACE A&l E|= 50mg A1F|A] SBPO] #A|gt 745 HERTH(Suet-
E0] 129} B4 0] AT A7} 255] FHEAE suna ©F Nakano, 2000). E3F £ FollA SeH
AUAIRE e 22 EAS0] HE| =9 ACE #]  dipeptide= kg & 1 mg Fo]2 14 mmHg(VY-FY
a2kl JgFe njx= Aoz g ek C-det 2 IW) ¥ 21 mmHg (Y)7HA] SBP 4E LERY
AA ol A= 379 A 271 E 7 AAA As| o (Suetasuna 5, 2004).
l—ﬂ]ﬂtﬂ_ ACEoﬂ A Ep;iq' @%—% E]—(Murray %’ o] ul—oﬂE %1:} xl 7L/\4£ u] g]-z-]_ o) l:lo]-/\
2007). 58 ACE A3l| di- ¥ tripeptides 5 Tyr, 3|7 (Porphyra yezoensis) THj o)A &
Phe, Trp, Lys, Val @ IleZ 35812 93, N-gh  wiz 7l=Eaj2 2 g = 35 13} SHROJA]
QA]of| = Val} Ileo] A3} it LHHA 0.7 0] ndol &A8 velWtt (Fahmi 5, 2004; Katano
£ FE =52 ACEQ] IC gto] 1.5~45.0 pMO] ¥ &, 2003; Saito £} Hagim, 2005; Wang 5, 2008). 1
loitt. ol& HE=E2] a3kin vitro)7} TH2 4] U A RFH|, FolFF, Fof7|7to] A= et SBP
& oA 2 ACE Aol HE|EE9 a1 s IO R o|& ZlpEsEe) 9 sk ls
of H|a} Mo gltHMeisel 5, 2006). = Hus7]= ofHet

-

i
ot it
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W2 ol 2 sljef T oA feliE ACE A3
HE|=50] SHR ¢A-FollA 1EQ A8 AvtE B
AARE AFEE o= g dte 45l =3
St thEA 9l AtAah= ofgel Aok i FEe g
A e sz ehld fef ZeEeleat |
B =5 Folste] 2= A He anE 54
3| ®kch. v (Uindaria pinnatifida) TH 2 71>
wollE 85 ol F 1EY] LS T ARl A 2
3] Fo5kelS uf thx~tol ®ll SBP7} A5
2%}l 5HF 300 mg FolE Z1Eof A 85 o,
51 500 mg o3t 1 Fol A= 65 $-ofl 11 mmHg
7} ZaE Aoz TEbE| QI tH(Kajimato 5, 2002).
o529 F WA Aroll4] 1 (Parphyra yezoensis) 2
g el E 1.6 g& LY tidAblA 125 &
¢ T3S off 8-125 S5 E AT Fdet &
77} HzkE] 9 tH(Kajimoto, 2004).

Ao A Y B AdlstAY 4 9 1F

o
Hi
)
[>
0,
il
ilo
2
o
ol
D)
N
=)
o>
N
)
e
rJ
o X
i
<

SRS Futele @HXRE Y8 AR
= 7P 5381 31231 Aot Wijestinghe 2} Jeon,
2012). 2@} -5 0A| 2A bRl o] YA AR A

3} bR 2L BApgo] el 457} 9
of gl gl Aean|e] AgaA| Aol 2
asi}.

s, ofullF S eAREkEel A el
il TheidlE W HE =Sl 3l B
Uetfi= A o2 HaE ¢tk (Athukorala 5, 2007;
Rajapakse 5, 2005; Jung 5, 2009). Thij & 7}4=1

e 7K A&7t ofe] sEAYNA &
2EH|1E, f8 ZH2EE, A 2 IR
o] &#|3] A= ¢ tH(Sultsuna 2} Saito, 2001
9H(Scapharca broughtonii) 2. 25-€] H2] XA
AFFo] 26.0 kDa2] &4 of-g-al Tl zlo] 4
el A=ollA ZarklAt IXE Ashskel

el

ool

~—

AIZHAPTT)E AAS] A AAZ 2N &
AA| A Z

Al 7VAba)(Limanda aspera) 25-€] A4
T2 EAFE 12.0 1kDao] THUARS T
Zlo] goi-ga1 st Q1AL XIIE A8kl
, Ak Zato]| Tofshs Ay vt g
gl Aa-g= Hol EN-3al Asla-g<
W h(Rajapakse 5, 2005; Jung 5, 2002).

A WollA o5 Tl d feff 59 et
BIE 3% A Hale Zhoti ] oY) e
SRAE 713e] A7 A Rol| = o FehE
off thsfl st = 25 g HF = 5~10%714] d5=1|
2EEY SAE BE 5 AL Y 2R 2
G ATEdEe] AAES &2 AEYAHE

2359 A=Y Ao mee o] ABATE T

<t
oo & Rl AL Hf o L

e 3
12 el ofo

kel

°
ar

N
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= o |
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o
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: of 24

A e A B7150) A4S
2 B8 ApAIA QoA AR AL
skt o9l Atart Bag thatabgel A £
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Astel Aek, wo) A3l o) 5L 2efalel Bl
oLy oFe] fglo] &7k jirt. keste] wiAYE
S sl o2 = z1ggtt]Zt o] Z(free radical

theory)o] Qlth. Apf-etr|zolst #x]oj ]2 ok
AARE 711 HA 2R ety A i 84
THAE 2Hg ol A A7 A 2] Zo] AEAket Hk-3-
Shof MIZE AP 71t ol el AH§ehelZ 34

= Lol7t F7ieke| uhet S o

/\]-Q—Xq /\E‘ﬂ-ﬂ/\}_—_ /\Uﬂ—tﬂ %%’:—, %Ql'-]?g © %
e, BYS EFH of2] 717 ] Bolat
(Davalos 5, 2004). T3} A]Z AL o A= B2 3K
WHAke) AbskR op7|El= AFo) #4 As7E =8
A ] tide] =t Qe

34 AkstA|el BHA(butylated hydroxyanisole),
BHT(butylated hydroxytoluene), TBHQ(tert—butyl-
hydroquinone) & 3 & ZFAF (propyl gallate) 5-0]

APASES: AAIA717] f18) A % off A7} = A&k
A= Aol S22 FAEO = QI8 ARgel &
A S w1 Q) th(Shahidi 9} Zhong, 2005). w2kA] At
SHa AEG A 9 AZ0] FA Ao ti-g-str] <
aff A7l Faligh Aoz dejrl HA FAkeA
Aol Aashe 1 FOINE SI2F Folut 7
Abs} BHAdof| 222t 2 g7} 9l

At vl o], 2= AEet
A AES Slal B3ke St
KA sfepyEe) chope 15 5 skt
/\]. EJ-/\ 57:1 x{b, = 1 nl odE\ﬂ:]Q
BAAAEL SR AE Ul o] AL
Z(ROS)2] ABA+e ZZIA1ZIcHComish 5, 2010).
olo] th-33t7] sl shixFe= WAL Ak A
2o st 2IMAEHE E-5 8 A (superoxide
dismutase), 7}&eto}A|(catalase), ZFEFE]S 3¢
7 A~ (glutathione reductase) X Z5EFE|-L ALS A
Z~(glutathione peroxidase) 72 dHASE 45 AY
Jetet.

’

2L I ool

)
o2

g
=

oY, oM,
HT M

g

[‘o o ﬂllﬂl Y

f
|

o

O e

F

Bafa A9l 1293 (2018)

ofefet SRR IE 73 AB) ALE TRt
chea A S ] Aol FEEn
O‘E}(Tlerney =, 2010). o] wrAISRE)EaAs
2 2R AEE 89 ol Al 13 i

71 el ZheEee 52 Al2(in vitro)ol| A A
5 94S Ueh), olSe] FAst 84S Lt
W M871He e 24, Mol B4 B4, A
A SIS S 8 SIS R DNA &4

BoA o el o
o Ao otel2eAie] e, 614 % 254

Fat i o 35, Qudon Ju
SHA| = A] His, Leu, Tyr, Met ¥ Cys 5

o] AAHE|TL Y], 0|5 opulAMEE WA} 2
S5 ez PAAE ABele] B 27 o
e A= Aer defA gch(Mendis 5,
2005; Sarmadi 2} Ismail, 2010).

Table 2 o UEhct Hle} o] ofa] Fo| 9%
W olf § WeESo] Sz arBAE U
e om(Je £, 2005; Kim %, 2007, Mendis =
2005; Rajapakse 5, 2005), ¥3+ Aatel S =

T2l HGPLGPL ¥ GE(Hyp)GP(Hyp) GP(Hyp)
GP(Hyp) GP(Hyp) 5o 7325t 2| & tilst A s)g
3& UERl=t(Kim 5, 2001), o5 HE| == A
ghelo] A5tz 5ol o & RHEH Gly-Pro Hi
= 2300 Qi At ofl= A ofu| Akl Gly,
Val, Ala, Pro 2 HyPro 5-°] &5351A ZA3}aL Q)
=, ol ofu|ieAte] A A A of thgt =2 15}
= 2331 Qlof et A& vHite)l A A s Ko

21 ctH(Kim 1} Wijesekara, 2010). wahA] E3L3}%]
HARO] AlelA A o m AT 284 2]z,
hydrophobic peroxyl radicals)- A=A] ofu]i=Alo]
e Akt PE = o FAS = Aew
=}, FU3t dipeptide(GP) 2] HHEH| P o] Eof

1y



= Aol 24 S M| =7} gl Alinoleic
acid)] AFgelz i ABHE Asfeks Ao =
u1&] A thH(Mendis 5, 2005).

Hq 2 SAFPRAE S G AR
e d PEEES B2 Al 2E AloA 4t
3} B44S VeRTt S A v Laminaria japonica) =
B feE ddTeRsEe] Bk A
23k AlZoflA WA FAksE a4l 7heetobA|
(catalase), = FEFE]> TFAMSEE A
oxidase, GPx) ¥ ZFE}E]-2 A A (glutathione
S—transferase, GST)2] AYAL ZZIA|7]= Ao=R
915 A ch(Park 5, 2006).

Aaze] e} H2 7heetobA] 7l E s
A= 3kAksl HE| =] HGPLGPLS Q17
oF A|3Z(human hepatoma cell) X &lof| = 2|3}
A|3E 3FALSLa 4 (SOD, CAT 9 GPx)grefo| & A5
Al 71t Mendis 5, 2005). 712w A
o] 3k vk Hvke-7]|(MWCO 10,000, MWCO
5,000 @ MWCO 1,000)0|4 7}83jA)1#A 2+ o
AUE FEHES Bejslo] PSS 280 A
3}, 25HA) PRtz FasiElo] A1 Hold
syt obujet 1l AL a-tocopherole] b1
10% A= =& '8R}§].Eﬂ_0_ vrebd vhH, 1ohA) 2l
3HA| 7hrEellE-2 a—tocopherol . tf 23] Ak
shelo] 10~150% A% ol HE|=S| £ 2]
b et mlel QR vAE A o 4 gt
(Kim 5, 1995).

Rajapakse 5 (2005)2 W ZsH Mytilus edulis)
oA #E|=(HFGBPFH(MWP6ZKDa)E 2|3}
A T AR ZAT A, ZIIELE, 5
AF71, S (alkyl) 2he]z2 242} 98%, 98% 9 72%
AN Yo-EasE weh 2 AL
R RER TR AL EEE TR
o Bkt

Al AEH AL O

(glutathione per-

s
N O
R=

" £ o T

orzstolw] ul sh7les Wk

22 A =3 Aol 8% JFE I 5
3] = ] 1 EES 1‘/}0}Xﬂ(tyrosmase)0ﬂ ol Ay =]
£ 24 F]¥=(quinones)& 11 Agtal WHE
A7} e Ao= 98] th(Schurink 5, 2007), Y
# E]ZAUoA = B 5 = (tyrosine) 9] 424k} E

é

$3}= F+=(0—quinone)°]| t]#|+=(o—diphenol)2]
S SXA7]= AlE R T 240 EA5h=
75 o] ¥ aath o] A ofAfiu U] 4
A 2 750 e HytoA A E= Ao
A HEhd A4 0] Ao = hof gl

Aol mi 7| ASS A=SHH B 24l (tyro-
sine)o] AFSHETY Atsle E]2412 Wepd MAE
ThEolll= debd Aof ddmg o, dAwrt
ol 242 1,1].14 MAE wro] A= L Wepbd

ae S mHu A9 o] WoldsE ¥
= AA Wt g5 o] Fa9k A4 Bl=
AlLfotA| o] A s A 7F dehd A2 AA|EH] wiE
of mjEsHAEol = ZHE-= AL §lrt.

2| (Enteromorpha  prolifera) 2 271 (Porphyra
tenera) S FE AAE 7leEES g2ZA L
oAl AsjEart oo (Lee 5, 2005), o4
AE aar JFofisto] AW 571 7Hset A=A
ZHEdlES el TR 9 Kol &

AH
AR
=]

83 2 9l 714 ale] ALATA T
A G4 7teEEe AL 1 god A4 R
o

o] otom #ie] BAE FEelEH oz o)

L el 253 Bk 05
2K hyaluronic acid)-&
+ $H4d & 4 (hyaluronan
synthase) 9] %14} HES %57 V\]’ﬂ*o‘ gk 0}14
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Table 2, Antioxidant peptides derived from marine organisms

Protein source Enzyme Peptide Reference
Conger eel(Conger myriaster) ~ Trypsin Leu-Gly-Leu-Asn-Gly-Asp-Val-Asn (928 Da) Ranathunga 5, (2006)
Grass carp muscle Alcalase 2.4 L Pro-Ser-Lys-Tyr-Glu-Pro-Phe-Val (966.3 Da) Ren %, (2008)

Alaska Pollock frame

Mackerel-intestine crude
enzyme

Leu-Pro-His-Ser-Gly-Tyr (672 Da)

Je ., (2003b)

Tuna backbone

Pepsin

VKAGFAWTANQQLS (1519 Da)

Je 5, (2007)

Tuna dark muscle

Orientase or Protease XXIII

Leu-Pro-Thr-Ser-Glu-Ala-Ala-Lys-Tyr (978 Da)
Pro-Met-Asp-Tyr-Met-Val-Thr (756 Da)

Je &, (2007)

Tuna cooking juice

Orientase

Pro-Val-Ser-His-Asp-His-Ala-Pro-Glu-Tyr(1305 Da)

Pro-Ser-Asp-His-Glu (938 Da)
Val-His-Asp-Tyr (584 Da)

Hsu 5, (2009)

Yellowfish sole
(Limanda aspera)
~frame protein

Pepsin and Mackel-intestine
crude enzyme

Arg-Pro-Asp-Phe-Asp-Leu~Glu-Pro-Pro-Tyr (1300 Da)

Jun 5, (2004)

Sardinelle
(Sardinella aurita)

Crude Enzyme extract
from Viscera of Sardine

Leu-His~Tyr (431.2 Da)

Bougatef 5, (2010)

Horse mackerel viscera

Pepsin, Trypsin
and o-Chymotryosin

Ala-Cys-Phe-Leu (518.5 Da)

Kumar £, (2011)

Glu=Ser-Thr-Val-Pro-Glu-Arg-Thr-His-Pro-Ala-Cys-Pro-Asp

Hoki (Johnius belengerii) frame ~ Pepsin “Phe-Asn (1801 Da) Kim %5, (2007)
Hoki-skin gelatin Trypsin His-Glu-Pro-Leu-Gly-Pro-Leu (797 Da) Mendis 5, (2005b)
Giant squid muscle Trypsin Asn-Ala-Asp~Phe-Gly-Leu-Asn-Gly-Leu-Glu-Gly-Leu-Ala (747 Da)  Rajapakse 5, (2005)
(Sgglsfdjg; gigas) Trypsin il:léffsg—felgprs—zféilyygli{;ggéff?éiDﬁr)g (1316 Mendis 5 (2005
Squid tunic (Dosidicus gigas) ~ Alcalase Gly-Pro-Leu-Leu-Gly-Phe-Leu-Gly-Pro-Leu-Gly-Leu-Ser Aleman £, (2005)
Blue mussel (Mytilus edulis) Fermented His-Phe-Gly-Asp-Pro-Phe-His (962 Da) Rajapakse 5, (2005)

Oyster (Crassostrea gigas)

In vitro Gastrointestinal diges-
tion

Leu~Lys~Gln-Glu-Leu-Glu-Asp-Leu-Leu~Glu-Lys-Gln-Glu (1600 Da)

Qian %, (2008)

Sea cucumber

Gly-Pro~Glu-Pro-Thr-Gly-Pro-Thr-Gly-Ala-Pro-Gln-Trp

(Stichopis japonicas) Trypsin -Leu-Arg (1563 Da) Zhou %, (2012)
Maicroalga Pepsin Val-Glu-Cys-Tyr-Gly-Pro-Asn-Arg-Pro-Gln-Phe (1309 Da) Sheih %, (2009)
Alcalase,oa-Chymotrypsin, .
. ) Leu-Leu-Gly-Pro-Gly-Leu-Thr-Asn-His-Ala (1076 Da) _—
Roifer Neut.rase, Papam,. Asp-Leu-Gly-Leu~Gly-Leu-Pro-Gly-Ala-His (1033 Da) Kim 5 (2005)
Pepsin and Trypsin
. I Glu=Ser-Thr-Val-Pro-Glu-Arg-Thr-His-Pro-Ala-Cys-Pro-Asp I
Hoki Gastrointestinal Protease ~Phe-Asn (1801 Da) Kim 5, (2007)
Alcalase, a~Chymotrypsin, e M e e Db A oo T A Ao 11T
Tuna Neutrase, Papain, Pepsin, Val-Lys-Ala-Gly-Phe-Ala-Trp~-Thr-Ala-Asn-Glu-Glu-Leu-Ser Je £, (2007)

Trypsin

(1519 Da)

Jumbo squid

Trypsin,
o~Chymotrypsin, Pepsin

Phe-Asp-Ser-Gly-Pro-Ala-Gly-Val-Leu (830.18 Da)

Mendis <, (2003)

Giant squid

Pepsin, Trypsin ,
o~Chymotrypsin

Asn-Ala-Asp-Phe-Gly-Leu-Asn-Gly-Leu-Glu-Gly-Leu-Ala

(1307 Da)

Rajapakse 5, (2005)

Blue mussel Pepsin Phe-Gly-His~Pro-Tyr (620 Da) Jung %5, (2008)
Microalgae Cellulase Met-Pro-Gly-Pro-Leu-Ser-Pro-Leu (793.01 Da) Ryu 5, (2012)
Microalgae Val-Glu-Cys~Tyr-Glu-Pro-Asn-Arg-Pro-Gln-Phe Sheih %, (2009)
Marine algae Papain, Trypsin, Pepsin and Leu-Asn-Gly-Asp-Val-Trp (702.2 Da) Kim %, (2014)

o—-Chymotrypsin

Azasta A9 1292 (2018)



o 5wl @At w i i dradel ol misl o] AdH Y] F8 Ak shutRA Ao
oF 30%°1 Y S7FIATE A& ARE 27 Akoll= 4 AN TRt A8 "HHsha o B9
v ot S o Y RAHS Hoslal st = AR 25, ST SollA EHE It HEl=
+ d 27t 3lEol S8 E ltkeon 5, 1999). £ e s dat B8 Wele AA A7t
ojAY si=F, ofHiF B SAVESARE FE ARENeH, HITole A= A WA
cd7leEdlE W HE e et R g A5 oA It HE=T QAo Ee
AFeh Bl Bl 2 Ao A Asl Bso] Slge Wl BoFelal Qlvhs AR E BE A F5S Tal Qlok
© Aol =L AR AlFe] 2 YAE AlZo A E=of| o|277HA] Zd2 e A%t
A AARAIAISE AsfA| B HARE avprp oA FAA = A S5 et HE
U= AlMF e 7sd HE =L A B ol =9 opficAl B S A EH YA EE THA AL
et At 2s] o] FojAjof o Zlojtt. ol Aoz FulE B3 Aok B3 et #
E|=9] o2 7]l disiA e v =2 Al
33 ¥ 2 Eah vh7E 283 Zloz A ARt oo of
Gt e == vEe] gl dtEde vEid AR A AU SS ReEe HE Ak FHS
© WEl=A 4] SAolth I+t HE == e e 9 uby o] ndEe] Al W EAE &
Table 3, Antibacterial peptides derived from marine organisms
Protein source Enzyme Peptide Reference
Pepsin, Trypein, Cys, Leu, Glu, Asp, Phe, Tyr, Ile, And Gly

Bromelin, Papain,
3942 Neutral Proteinase
and Alcalase

Opyster

Leu-Leu-Glu-Tyr—Ser—Ile and Leu—-Leu—Glu-Tyr—
Ser-Leu

Arg-Arg-Trp—Trp~Cys-Arg-X (where X is an
amino acid or and amino acid analog) (500010000 Da)

Liu 5, (2008, 2007)
Lee ¢} Maruyama (1998)

GIn-Tyr-Gly-Asn-Leu-Leu—Ser-Leu-Leu-Asn—

American lobster Trypsin Gly-Tyr-Arg (1200 Da) Battison 5, (2008)
Shrimp Proteinase Pro—Arg—Pro (1150 Da) Barlett 5, (2002)
Green sea urchin Acetonitrile Cys (5600 Da) Li &, (2008)
Winter flounder MTPLWFIMSSKPFGAYCQNNYECSTGLCRAGYC- -

(P. americanus) LEAP2 STSHRASEPVNY Zhou 5, (2010)
Pufferfish ASFPWACPSLNGVCRKVCLPTELFFGPLGCGKG- =
(Tetraodon nigroviridis) PP FLCCVSHFL A. Faleo 5, (2008)
Winter flounder (Pseudo- HISHISLCRWCCNCCKANKGCGFCCKF Tsoi <, (2003)
pleuronectes americanus)

Atlantic salmon AsCath-1 RRGKPSGGSRGSKMGSKDSKGGWRGRPGSGSR- Secombes ., (2006)

(Salmo salar)

PGFGSSI

Red sea bream

(Chrysophrys major) Chrysophsin~1

FFGWLIKGAIHAGKAIHGLIHRRRH

Tijima 5, (2003)

Channel catfish

letalurus punctatus) HbpP-1 AANFGPSVFTPEVHETWQKFLNVVVAALGKQYH Noga 5, (2008)
Trout - .=
(Oncorhynchus mykiss) Hepcidin SHLSLCRWCCNCCHNKGGFCCKF Tsoi 5, (2003)
Japanese flounder IF-1 DVKCGFCCKDGGCGVCCNF Nozaki ., (2005)

(Paralichthys olivaceus)
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(sorbic acid)o|u} ZANE & 59| S7)AHE,
1, debd 59] opuliik7, 71671 (catechin)
o|t} 3]=7|€]&(hinokitiol) 59| A% F&&, &
2 A= AHFAL of| 2~H| 2 (glycerol fatty acid ester) 5
o) F3HA|, Yol 115 o FAlm AdE o
ol A =28 il 2] 42 (Iysozyme), H]AYE©]
A= dab-Z2] Al (a-polylysine), 2]4l(nicine)
i dofit oo olfollA FEE Z=E]
(protamine) 5-°] &# A ¢JtHKoiso, 2015).

ol 29 FtAT= YoREoplA AREEE &
A S48 vk iAo ofst, FES &
1= 471998l 7S =0d AEe] ol o
F= H|A]7) % girh o]FollA HEER] 2ty
(lysozyme), Z2]2] Al (e—polylysine), 3 ZE}(prot-
amine), Yo}4l(niacine) 52 ppm ~=0] ATFO R
AIE et A5 Fulof| FFE B A] gar
St Ao ANt A E A ol FEE AL, 97t
£ A7 AHE Slo] ©=o g ARG uf 4
F Ffjolli= Eo] HA] ¢ A= rkKoiso,
2015).

Al =, v, A 2 QA 5 o9 s
2 2= 5 0] &2 Z(hemolymph)o| A aljoF G- &
+HE =S FE0r] Ae AakE Table 39
LERATH

ol 59 &S BT At Al(Callinectas
sapidus)®] B Zo|A HejE HWE=TF O S
ARl el =2 AsaaE ek o v (Batti-

son 5, 2008), H|= A|(Scylla serreta)®] N & A

g
ooz
> o

-

Mo

Ag AATE HA| A2l N4 (seminal plasma)
ofl Al FtEdoll gt of] AtEAzE UAA|NE
2eE FAFPE =] Fo] ufe- A lrt(Jayasan-
kar 5, 1999). wl= Blti7bA) 2 a+t HEl=e
I A Aol disl s oA A4S YER
1, AT 7VE(scuticociliate) 713§ (mesanophyrs
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ALS Uel cH(Battison 5, 2008). o] o] AHu]A
(spider crab)ol| A -2 % arasinl2 2] %] 33 E]
== Corerebacterium glutamicum®] 432 A5}
Aal(stenvag &, 2008), =oA FEfE b HE
= Cgpep 33+= WA+t E5+H(P. aeruginosa), 1%
++(B. subtilis) Y Botrytis neria, “12] 3l Penicillium
lepansum & 0|9k M) FFBAY B 4%
S AAIFHLiu 5, 2008). T U] gl AL
At} golel tigh o] FE =9 IC, 42 1 ml
T 18.6~48.2 ngE 2 HLIqlrh= Zolth 3 vt
ojg] ZAof| T AFEN = T FEE0]
HIV-19] HAA| 20| FA1S ZFoleith= A= B
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= 9] Th 218 7B a) & 4 (thermolysin) 2 -3
A7l BafEol A H2]dt Leu-Leu—Glu—Tyr—Ser—
Ile 2 Leu—Glu—Tyr—Ser-Leu®] = HE] =7} HIV-1
proteaseS 4315153 2. (Lee 2} Maruyama, 1998),
=9 844 7HeEelER Y EYe Arg-Arg-
Trp~Try-Cys-Arg-X(o]7] 4] Xi= ofn]ieil EZH
opu| it FAAD &) /g R E| E7F Tz X vlo] 2
(herpes virus)ol t 3] -2 AL ekt
ol 7hrslEoll Al AR, 1-5, 5-10 2 10
kDa 2ol A GAIE =L thE FitolA &+
23t AR =2 242 9e With(Zeng 5, 2008).

o] Hrol = o] 7 m]F ol HHAgto] el o
gk 12} WolE St St WE|=7F EA5kE 52
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AR A, BAbFS 2244.4 FE(Da)o]™ 2074
O] opu| At 2b7| &= S E|o] QLA T1eh - 1
T Al 9 S golo) thek e UEr
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Aoz gRIEglon, ofFeFaloly A7 w4
Foll 5849 = 2 A& 7|HEHTHSuy, 2011).
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o A d—% V]OP— BIE TR vjadle o
A8 e ol4de) AnE v}
%gi-@ Zr2 o A7) Z,:Zi 3] 5| (SD-Dawley

A /\]6]— 73;]» Edy

il TElEERE ZEeE Az
< s A4 l%il‘ﬂ‘:(Val Leu—Ser-Gly—Gly—Thr—

Thr—Met-Ala—Met—Tyr—Thr-Leu—Val)7} Hydroxy-
apatite 27 FHO| Zh4 o] 2o =& TS 1}
B, 7HA|Q1 @148} HE| =(CPP)ot F-AFSH e

7h&st S Helvh E3t ofw e e =Tt 5
d pHOlA &84 2 B4 AslishaL, 2+ ol

E&of it A Aol F A, =EE
4 7Aw7t 7HAIRD QlAksE fElE Alo] T1F(casein
phosphopeptide diet group)a} G-AFSH Z3tS Hof
U B4 FUA2 Fgo) FRsslchn mashoict
(Jung 5, 2006; Jung %, 2007).

o Uolrba, slepeulas] maslebaE
TR Y9 S e Sles g
itk 2 3EEo4 BelE gl TRl
=S 9ol A FHolA RoiRS o) eI
o] UE L (Wang 5, 2010), 2Fx]9] AL A
ol Aepel AR ofe] AL Tkl A7)
= 337} 9l&o] 2L QrHHsu <, 2011; Ale-
man 5, 2011).

Fol(Raja porosa) A% T FpiaE A

=) \-J wa

A

L

O

2%t hexapeptide(Phe—Ile~Met—Gly—Pro—Tyr,
FIMGPY)9] Jtaits Ag7dHer 24 faje

F AI*Z(HeLa celDol|A] =43t 23}, FIMGPY”7}
HeLaA||3zof| A A|22A}aHS festo] =2 oF 54
A D& et o] A% H AloJoF AbollA &
HeF 282 A 280l 7|tfEthWang 5, 2016).

} g 12935 (2018)

HFE FolA el o ThepeEslE 9
HE| =7 A A nA= FFE HES A+ 2
%= ItkBernet 5, 2000). 23] 0] =(opioid)5-
AL HEIEEL B, 4A, W5, AEY A, Ale T

EERele] Gl A} gl o el
o o 43iAe] £AJ5}

th o] A7, Wiel |

= 5ottt 21| 20|t gA|2F Agste] WA= o
= eFeolE 'ﬂﬂtoﬂ Hlal A= oFdA|2t
FARRE 282 HolF=itt. whabA] o] bk A
E2 YA(tolerance), 2]ZEZ(dependence) Z =
=% (addiction)of] AHEE= 2 2o]E oFL thA]
Sk 4= Q) Ao 7 Hlth(Poncin, 1996; Poncin I}
Lamproglou, 1996)).

o)A Y dfjoftulz 1 WE = ]
stojm W gl opdhy] Hols 242 417 ﬂslﬂ*o 23}
o WA= AAst=t, °ol&
2 doy of 2| A|3E2] BEA} 3 A (target) I} S~
| =ofo] 27 A5 ak-gof ofs) ZHHHRyu 9}
Kim, 2013).

SR RE Ee| GAE AH RS e =(HTP-
1, Gly-Thr-Glu-Asp-Glu-Leu-Asp-Lys)= 2%
stojw Zghe] Mgyt HAykE H|g-ofd®o|=
(amyloid -42)9] /4 WA|staL EF HEO] H
Al A of] LAyt ZF3X13) AlZFo A feE Al
EFPCI2 AE)E BFh= 752 s3sh= F 2
2 95 # ch(Pangestuti 5, 2013).

R o 7 T2 Thpiell = Aol A 2=
T AFHE A=sto] Bt tiAF 3= 2fof| A
ﬂoﬂ ol 8= 4 Qltt. ol Y AH A5 7k

ol Qe A ok | & &l &
L AFHE ASoEA] B A A2 YollA] <l
=8 2= AL ZIIN o2 A ZrY YALS

rﬁH;OF

mOM

o5 & < Y Aol A eiE =
El=& A 29%E 7} F(rat) g 5D0ﬂ7‘“ Xﬁ



Table 4, peptides derived from marine organisms

Protein source Peptide Potency Reference
Yellowfin sole TDGSEDYGILEIDSR anticoagulant Rajapakse 5 (2005)
Echiuroid worm GELTPESGPDLFVHRLDGNPSYSLYADAVPR anticoagulant Jo 5 (2008)

Blue mussel EADIDGDGQVNYEEFVAMMTSK anticoagulant Jung 5 (2009)
Starfish Plancinin anticoagulant Koyama %5 (1998)
Granulated ark HTHLQRAPHPNALGYHGK anticoagulant Jung 5 (2009)
Shrimp head appetite suppressant Cudennec 5 (2008)
Shark Insulin antidiabetic Anderson 5 (2002)
Sea hare Dolastatin antiproliferacive Madden % (2000)
Tuna muscle LPHVLTPEAGAR;PTAEGGVYMVT antiproliferacive Hsu % (2011)

Sea slug Keenamide A anticancer Wesson ¥} Hamann (1996)
Salmon Calacitonin Ca-binding Kanis (2002)

Hoki frame VLSGGTTMYASLYAE Ca-binding Jung 2} Kim (2007)
Shrimp TCH Ca-binding Huang 5 (2011)
Pollack frame VLSGGTTMAMYTLV Ca-binding Jung 5 (2006)

2ot} AlSHY AEdx U §FS ASpPOR
}Jﬂ ;HA] 6:1DP71—.0_ u—zoh;} 2
i FAElA 1.5 5 370 2t

°H oA et PE= 13gS

=
A C-vkS ‘_u B2 2 ALSlA A 0] AA Aga]S
AR e A -SY AEHE, et
W A WE A o] E
£l

£ BT 2 UoslE 491 8

el
22 3}= ofr]ZulEl (adiponectin) 2] 4%
HtHZhu =, 2010; Zhu =, 2010).

o] P =2TE A7) 7N 2o B0
AN ZE A=, A ANO)7F oA a1 sha
Z~(guanylate cyclase)S SAISIA|A LolAlAFol
AHATP)S 3128]g oAl Ul HecGMP) o2 1t
E0] =4l °] cGMP7} A FH o2 W& F=
st R SfQF A FollAl AsHE A RS vl

ok

F AV, =, 7HH], A, 24, TiE SollAl vl
A Abepd e Aol AL o] FollA A
| Akshz
of| £A|3}= tripeptide7} AFSHA A 2 FAI T 2 5o
HAEAEHE QAT 277 om ATl
(Cyahs)JJr A7)% AL v 25} _'45]1 /‘}:_]%J

El

O

940] ATl Y BT R FEE

Io19, [;

Fo 23 A, Alkelssh ¢
pfgle). et 1l it A Aw 4E0)
£ S ILRGHAT Ak 37 A2

2H|E, 7E 7% A o
WA Aw (A B 7

I 9 A7) 2AF Al SAE o2 LR
F2aRgol gle A 471 MAAAIR o] 7t
HHRyu 5, 2014).

20t
2 Sof wAet A%l thF AES] B

| A obA|HA] oo T3t HE EIL FRA| H
0 Qlek. -ejuket AA| AFS7E a3t AFS] R 7ol
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