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Abstract: This study was performed to investigate the
inhibitory activity of ethanol extract from Ecklonia cava
(EE-EC) against trypsin and the stability of this activity
under various heat and pH conditions. As a results, The
EE-EC showed trypsin inhibitory activity of 77, 54, and 32%
at concentrations of 5, 2.5, and 1 mg/mL and was not affected
by the heat treatment conditions used in this study. Whereas
trypsin inhibitory activity of EE-EC was stable in the pH
range of 2-8, but decreased with pH treatment of pH 10
compared with the control. Therefore, the EE-EC could be
useful as a natural and functional agent.
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LAE

izl 71523l 4291 proteasei= FHHIF-$ ol A= o]
Ak k719 A et cystein, serine, aspartic 2! metallo
protease = 1™ [1,2], serine proteasei= AJA| Wol|A <]
23}, glga1, A-A73l, complement activation, & =
o] A3} Fall vileka} =7 phagocytosis, kinin system G-
of FoIFAIRE [1,3] B4 Zdo] & o]Foix|x] gow
Al 22210] dhlz Adto] shjElo] H71E, Q1S S
Seks, #Ad B2 AEE 4O} [4]. Polypeptide A
& %9 lysine®|t} arginine F7]oA fElE FIEEA7E
7 FE|=E 7585hs 849 trypsin [EC 3.4.21.4]0]
serine protease®l %3FY trypsin inhibitor= -3, A4
HA, M [5,6] B Fdiael o9t Gt AR (7]
T ohekst Ajejgido] HaEo] Qlrk. 18y trypsin A3
Al tigk A<= B [8], T [9,10] 5] F7FAEl
et AG7F T2 o] FoAAoH ek Eel st A=
n| gk Arolot, Ht sllFe] vhekst AeEAd ) gsh4]
A7} Aol et szl st A5t EeiA K8y
931 ek [11,12]. FT= 18k, AL, AR, 19 59
a7l A ShE SRR OE ool A
= A [13], 715 v vIEk, Ak B R
o] ZH3H o] 9lof Gaks} [14], Bt [15], TS [16],
FRF (17, B (18] 59 RFE LS A
Aoz dHA v}, 1 T E (Ecklonia cava)= 2%
A& AW (Laminariales) V97 &3k A&=2, 4
o)1= 12 mo|H V)= YU)s Eofol U By Roks
s glom) ks, Bk [19] 5 o2l 714 714l
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Haxo] Qlr}. 53], 7E] e F-34<2] phlorotannin>
phloroglucinol S 7]+ &= k= polyphenol 3}5h&
2, AQAIA = sifaE FolME = AxfelA 2
Ft}. 312 phlorotannin®] /el #st A7 =2= WA
’d AEd 20], Fke) 249 [21,22], AT B EaT}[23),
Shalo]2] A [24], EAAEA] [25,26] o] HarEe] 9o
Zrefjol| Al ©12] 7FA] phlorotannin®] EA)7} 2] Eo] Bl
o] Ut [27].
ofef] ¥ ArellM= e ollehe 552 trypsin A3l
P& S5k, ol AHAoR AFE Thy 3l A&
al7] Q18 2Eel 218 Al x| W Akt BA 0w 7P dnt
Ao= o= A w7 AErt 7L Qe A2
H el thsto] trypsin Ae&d 2] H8/3& 574510,
AA 7158 A2 &8 7Fs Y AFEAAES] A4
o] 7kl thall dolrtTh.

2. A= 93y
21. 42 9 Ao

Aol ARgsF TFel (Eckionia cava)= F3l9Fe] ST
=31 shafttoll A AF s AL ol & dE AAT - HrE A
So] spAllste] FAAE o F 2 E4sko] 20 Tellr] 1w
sish ARt

22.22

e e AlZell 108152 95% ollebe-S 7hst - 4
of|A 24413t wRksto] FESGITH FEES AR
(UNION 32R, Hanil Co., Incheon, Korea)= 2,090 x g, 4°C,
10 min®] 2 o® At s & FFHs FHslar, =+
A= o]9} FYUS W o7 23] HkE &SI & 33
FE3 TSNS o374 (Advantec SA, Toyo Roshi Kaisha,
Tokyo, Japan) = ©J¥}3+ & rotary evaporator (RE200, Yamato
Co., Tokyo, Japan)E ©]-g3to] s=3ataL 37 Cellx Axst
tt. o5 4 CollA Bkt Aol ARSI

N orfo

23.pH&H
FEE9 pHE 1 mg/mLe] 5= ofghEo] 52l 3 pH
meter (HM-30V, Toa, Kobe, Japan)E AR3-510] 4351}

24. 525

FEE AEE Img/mLe] FEZE ofehse] =0 &
MAAZE cellell 10mL F 38k A=A (JC 801 Color
technosystem Co., Tokyo, Japan) & AR3-3slo] 72| Mw=
1= (lightness, L), 2125 (redness, a'), S (yellowness,
b)) gho® vhehiglh. oju) AMgE mEMR g2 L=
93.73,a =-0.12, b = 0.11°] ]t}

2.5. Trypsin A 3] A
Trypsin®] A&l €4 5742 Hummel [28]°] WHS
sto] S48k, e Cl'kE %5 20 uLE procine

pancreatic trypsin (EC 3.4.21.4, Wako, Osaka, Japan) 10 pL.
9} &3} (Enzyme solution)3}l trypsin®] 7]2Q1 Tos-Arg-
OMe - HCI (TAME, Peptide institute, Inc., Osaka, Japan)
1.5mL-S Tris-HCl buffer (pH 8.0) 1.5 mL¥} <3} (Substrate
solution)3t>] 30°C water bath (PCWB-22, Lab Partner Co.,
Guri, Korea)ol|X 5+t HESAIZ] % enzyme solution 6 uLE
substrate solution®l] 5718} spectrophotometer (GENESYS 10
UV, Rochester, NY, USA)Z 247 nmoIA] S35=5 57935}
a1 oA 30CollA] 5331 Wk AR - 7] Hhg- 9 ke
trypsin 4|3l 43S UV/visible spectrophotometer % 247 nm
NA FHEE SR AR sae FEEY X
FTHS 71502 st YERILCH, trypsin ASNEA (%)
5 2ol 7]s13ich

AellE (%) = [1 — (B — b)/A] x 100
A NEE A ok 4

B: AEE A7 S

b A b e FYL

I

A HPE FEEY FEE 5 mg/mLE 3] 60CollA]
10, 30 2 60, 80°C2} 100°CoNA ZH2F 10 2 205, 121°C
o] 1587+ A , 015 FHdste] 4 CellA Bksto]
28] A3t

=
o

|

2.7. pH ¢t A

FEE T2 10 mgmLE 31 A2 pHE =43 &,
1 N NaOH¢®} | N HCIZ 71519 pH 2, 4, 6, 8 Bl 1002
ZAs L AoA] 2447 AT F Balle] pHE 23}
NA H%E 5 mgml FEZ 32510 Aol AkgaIt)

2.8. B4/A g

7} Aol ot 2]F 772> SAS software (SAS Institute
Inc., Cary, NC, USA)ol|A X273 ¥ general linear
procedures, least square Fir gk TAREA] §F ¥ p<0.05
o4 Duncan’s multiple range test 1| et -2 33Tt

3.84% 4 1%

FES AF A A8l Qo] 2 pE
Bt 23 220/t ol ) N FEEL 95%
RS2 FE9 5 52 Uokugirh. 1 A3k, 7he) 95%
oEhE FHEE 820%9) 8L W

3.2. 4% 9 pH

| A7 A EFAQL AnRte] 8= sl thekst Ae|gA
= A= AAES 255 Aol 288t Al=rt s
o]Foi2| 31 It} [29]. 1 HE- chlorophyll, carotenoid 2!



332

Korean Society for Biotechnology and Bioengineering Journal 27: 330-334 (2012)

flavonoid 5 t}oFsE MRS 3
Al 2FARA 2] Aol s F7] W E °
FQs Q4o [30,31]. 3 AlE2 1 98 W 7Y
Ao o) theFst pH 99S XY gloH, ng=Ee] A
FA7le) JEE vH B AFOA pH S 53 94
o|t}[32]. wEbA T oflghd FEEC] A% U pHE 54
st AvE Table 10 YRS M e e, A% 2
PN} 717 81.19, -8.47 U 38.48 % WET} a1 ShA
7} wgkon] A= 5o glow ekttt A oeke
FZEE9] pHE 6.019] 3oz oS yehjglon o=
AntAQl 21329 pH7} R B FAYUS v]Fo]Ho}
7 oehe FEES A5l A8 Al 2 TAISe] vk
g 7Fse o7 AlgE oz} [33].

Table 1. Physicochemical properties of Ecklonia cava ethanol extract

Color I
L a b P

Ethanol extract 81.19 +0.02 -8.47+0.00 38.48 +£0.05 6.01 +0.00

Concentration: 1 mg/mL.

3.3. 7 oer& 2 E 9 trypsin A &4

] ollehg: FE=ol ASk= trypsin A &S glsh
7] 918l 5,2.5 2 1 mg/mLe] “§%olA trypsin A3EA]
= 5743 A7 (Table 2), 2H7} 77.12, 53.88 2 31.56%°]
trypsin A &S HEP o FE= st F=
O|EA O F trypsin A0l S71EHS FRISI3ITt. Bitou
5 [3412] At 9P, dlZ = tannin¥} -2 polyphenol
shtES $Hrekar glem o] st polyphenol $H9tE->
phlorotannin Z|F 2] S =EH 84 vl wt) f7]2ulo
O & &)= 2108 x| gk [35]. Rk ofye} o]
chl A vko] HslEo] Hojup gAY Wil v} A5 A
= TS sto] HEAE FAste] AT eEN |
298] TS Asfidictar RStk [36-38]. WEFA trypsin
A 2dS vehdl= 2 oehd FEE0] fFadee
polyphenol $}§Eolu 7] 8ujollA T2 FEE & &
A EAY AoR AR EHA|H trypsin®] active site]|
A3tsto] BAE BT oEN Bl S-S Asir
O % FEHAT} [39,40]. webA] E dlgks FEE0] 7]
= trypsin AEAde] thet = o1 7ER7F v =2 A
o7 AlgE)

Table 2. Trypsin inhibitory activity of Ecklonia cava ethanol extract

Concentration (mg/mL)
5 25 1
Inhibitory activity (%) 77.12+2.31°" 53.88+1.91° 31.56 + 1.69°

YMeans in the same column bearing different superscripts are
significantly different by Duncan’s multiple range test (p < 0.05).

3.4. AR 2] Sl trypsin A LA A3}
A% Az A AR FHS AF /15 DAY F
A4S 919 ARG, 2] RS fasehs v g

< oAls] ko] AatAE] o] RiEA] HQeshd =
3| AlFe 7= AR E4e] &4 T2 EAIHo]
=L Qlo] 7167 Adee Foll ebgaliof st BE AA
goA] FA g ek vlaL Al F2AQ1 zte] glo] trypsin A3l
Aol FAH o o)F Fall 7 olehE FE=o] €A
glof] QP Ehe 21E = QUATH (Table 3). ©]= Klomklao
5 [41]°] X318t Thai mung bean F=52] trypsin #|3l]
Aol et 4 e =73 A 60, 70, 80,90 2
100°CollA] 2+ 1023 M akls W 2 AeTelA
AR} v F718E A3 Bo] dAge eHFgEhe: gl
stlom e ofghs FEE9] lipase A& 5%
A3} [42], 60, 80, 100 2 121°C2] Axjzlo] ekg3k A
2 UehY el fARE ks JERit) ool R
jack bean FFEol A= trypsin A3 A= 80, 100T
g2l A Aol tha HAEH 2™, winged bean
FZE=Y trypsin AsNAl A 60 CollA= Y3k o1t
80°CollM 5% A2lellME= 25% ol EXo] Hasisiar 30
8] Al 45% o’ EAdo] FABHA FHashes A3E Hol
e eks FEE0] 7= trypsin AsiEo] A H
Aol] S8k FRIGIITE [43,44]. Wb Tef olleke F
& trypsin A 2/do] Hold ik ofufe} Hef taiA
% ]Pgste] A 7k Aljle] dAe] 3ol A8o) 7
Zo= AlgeEch

X, o,
forr

Table 3. Effect of heat treatment on trypsin inhibitory activity of
Ecklonia cava ethanol extract

Temperature (C)  Time (min) Inhibitory activity (%)
10 76.60 £ 024"
60C 30 76.77 £ 0.48"
60 77.78 +0.51°

. 10 77.06 + 1.52°
80C 20 76.18 + 0.63"

. 10 77.07 + 1.46"
100C 20 72.59 +0.30"
121C 15 75.52 +0.30"

Control (pH 5.56) 77.12 £2.31°

Concentration: 5 mg/mL.
UNot significant.

3.5. pH A ]9 23t trypsin A F| B4 A5}

A I AAR B kel HHo Qs AATE AY=
2] pH7F §low, o) 1 2] FA W e 54
o T2o YIS wRIT} [45]. T D He] QloiA pHE
chd Gl gl FEEell IS vA, mnel SloiA
aao] el i@t [46,47). 7HAES) o] pH
Al HH & AAER AFe] Frlshs ke T35t 7k
37 doI Pl o] fA|slofol gt ool 2 ol
& FE&e pH FS S5l Aol A8 7
o

g/do] pH 2,4, 6 2 8ol Z+2} 73.41, 76.59, 76.67
76.21%% YERJo] Fx2]7-9} vl Al §-94?1 Zol&
Holx| ¢ro} Zhe) ofghE FEE 9 trypsin ANEA 7
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a=go] A ok oA P sk S gR1E 5 Sl
t} (Table 4). 1211}, pH 10 ZA8kM= 67.34%2) Alg
Ao F T TR} oF 10% W& AllE/dS Kol FAE
Troll vlal ot Faehs e Bt o]l 22 A=
nlfo] Kol ZHel olghE FE=9] trypsin A& &
=72lo] Ao tiAh Bt 2102 AlgH) o=
Wdsto] AAdSH= trypsin inhibitor7} 2H3, F7d, ok
P oAM= sl ot e oA tha webd st
Al S 1Rl A} Ak [48], large black soybean
off £A)SR= trypsin inhibitor7} TFFSE pH & of|A] 14
st daE Hel A9 o dyE YeRySlT [49].
o]t A¥}=Z w]Fo] Ko} trypsin inhibitori= 1 F-2lfo]l
upel 249 9] A U= pH o] e Zlo®
AbsEnt, ARbAQl 2352 pH7F ofiHd 9 S a1
3 & wf 7 oflehe FEE A 7R Solls o
s Edo] FAEo] 7heAlEe] 7R g oR o) g
7Fsd Zo= Almrt,

Table 4. Trypsin inhibitory activity of ethanol extract from Ecklonia
cava as affected by pH

pH Inhibitory activity (%)
2 73.41 + 0.24°Y
4 76.59 + 0.95
6 76.67 +2.10°
8 76.21 + 0.94
10 67.34 + 1.83

Control (pH 5.56) 77.12 £2.31°

Concentration: 5 mg/mL.
"Means in the same column bearing different superscripts are
significantly different by Duncan’s multiple range test (p < 0.05).

2 AT A olleks FEE9 trypsin ABEAS Lot
i 7Fed W A7 FEERS] o] &
7FsE gRIsk] Sl & 9 pH S A=K 7
g ogke 552 5,25 U 1 mg/mL2 FEoIA zHzt
77.12, 53.88 % 31.56%2] trypsin A3 &S UERIA
th =2 trypsin AT S 2 e ofgke 52 4
e AES A, Be ATl F41281 2o] Glo]
Pt AS RISl pH 93-S HES A}, 2,
4 4 eklzke] oo (pH 2-8)ol- e T et 949l
2ol gllont Aede] 49 (pH 10)ol4 = thas 34
sh= A3 Btk o] A= 7y oeks FEES
A 2 pH S A AEF7RER o8 7Fsste] A
7hs 3780l A8 s Flo® AlmHr)

5
>
£

N

o

ol

o

1o

i

o

ol

B A7 AR 2000 Hoaigl7 1 AR)e)

A gel| eJaf] o] Foixl Zlow ofof ZAL=R Y
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