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Abstract: The low-cost laver was hydrolyzed with neutral protease and aminopeptidase in this
study. The antioxidative peptides were purified initially by adding 60% ethanol to remove poly-
saccharides in the hydrolysate. The supernatant was further purified through Sephadex G-10
gel,DEAE-52 anion-exchange and SOURCE 3RPC to get more purer enzymatic laver antioxida-
tive peptides(ELLAP). The scavenging activities of Superoxide-radical. DPPH radical and Hy-
droxyl-radical were 23.25%,47.12% and 47.12% respectively when the content of the ELAP
was at 100 pg/ml. Compared to vitamin C at the same content (100 pg/ml.),the scavenging
activities in the ELAP were 0.79, 0. 87 and 0. 91 times of the activities in vitamin C. Further-
more, the reducing ability of the low-cost laver peptides was 1. 23 times than that of vitamin C.
According to the chromatographic of analytical reverse-phase high performance liquid chroma-
tography (RP-HPLC),the purity of ELAP was up to 87. 44 %. The ELAP was identified as a
hexapeptide AGVGTG(Asp-Gly-Val-Gly-Tyr-Gly) with analysis of the ultra-performance lig-
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uid chromatography-quadrupole time-of-flight mass spectrometry (Q-TOF-MS). The composi-
tion of the hexapeptide( AGVGTG) in the ELAP which contained Tyr and Gly has the typical

function of antioxidation.

Key words: the low-valued laver, protease hydrolysis,antioxidant peptides, purification, Q-TOF-

MS
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it A B0 A0 R HE AT 0 B T 2 R B 43 T, A Ok
— S RME LN E R R FI RS %,

BHRLS 7 %

L1 #EGAF 538

REERE WEEA TERESRAERAA &K
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FE2-THEER SR8 PSRN . KR, =
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4K15 BB L HL: Sigma 4% 8] 75 5722 Bl 4
ShAT War St B LR A L) (B E PR A A A
P LGI-10 R T8 88 L X IR B s fh i & A R
A A HL-2 fERE .BS-100A 2 H g & i i %
W LW PSS A5 Water 600 BRUBAH
WA . % [ Waters /A 8] 7§ s HP1100 B & %08 A
o {% . 35 @ Aglient /A 872 ;4700 proteomics
Analyzer B3R CAT I [A] Ui 1Y . 32 E Applied Bio-
systems 2% A 5 i
1.2 FHix
1.2.1 BBREEERAMLKRSGHE LI
TREEMNMREEXH R VKD, U pHBS
NaZHPO4-KH2PO4 & b (ZZ h il A) I A K
MEZRMBEAWHE AL 30, FHEABMAEN
E/S=1.48X 10> U/g.[B{&EKEIM A& N E/S=
1.30X 10" U/g, 50 "C/Kf# 6 h,80 C K f§ 15 min,
MAZBEZERRZBEEBR TN 600, ZEHE
12 h,10 000 r/min B§.0» 10 min, B84 FER N &
WA EL LK (ELAP) BIIBE Y.
1.2.2 EMRA % ERBAMKRM S0 5 & 4L

D KFLWAEM G ab 3 i KFLW AR D101 %
L AE KRBT E R EX 2 MO BAE R
KR 220 nm, WHERT M5, FTERERE T,

2) BT BEAIEEAL BRAGHTHREN
BB TF 0.1 mol/L NaCl ¥, ¥ ¥ & 100 mg/
ml., “F# Sephadex G-10 ikt 5. HHEE R 1
mL, AR REYR B (# NaCl S SE /T 3E . % 0.1
mL/min, 80 H 220 nm, WE &K AN EEH ST, I
XiF 4% WA 26 3 B 5T Ak T MR HEAT LA, BT AL TE
BRI e R T

3D WIRHEAE B BRARTEREYN
HABTFRPBE AKE RN 10 mg/mL, RHHE
VR A ¥E, W B M. 0~ 250 min & 0.1 mol/L
NaCl B Z b A, 250 ~ 400 min & 0.2 mol/L
NaCl B9 & W # A, 400 ~ 550 min & 0.3 mol/L
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NaCl f9 ZZ rh ¥ A, 550 ~ 650 min ¥ 0.4 mol/L
NaCl W& il A, #HHE KR 20 mL, & 1 mL/
min, ¥ K K 220 nm, WERABEELS IEXTH
W 2H 5y P EALTE T R L AL E RS
MIEE2H 53R R TR

4) RAHAE S E 4 SOURCE 3RPC
ST4.6/100 {8 3, # 3h #H: A, 10% & HE (V/V),
0.1% = 8 2 8 (TFA) (V/V); B, 80% Z
(V/V),0. I% =8 ZBR(TFA) (V/V), ESE R
FEF:0~20 min 100% A(V/V);20~40 min 100%
A(V/V)~100%B(V/V);40 ~ 60 min, 100% B
(V/V), #t#EH 2 mL, #i# 1.5 mL/min, %
B R 220 nm, WS MEH 5, FH X 45 12 0 1Y
LA AT P AT LA BB A PR3 1 e 4 4y
1.2.3 BRI R ERAAKRIL ALK WD E

HfE DPPH JEBRBE T VERBE A 268
J1,ERBERER MR N OREE R KA L
EHUE LR BT E M .

1) DPPH JHBRBE TR ES B 2 mL 710
BERLIA 2 mL JREWE R 0.04 g/L % DPPH
TAKZEEHER, REBSJERM 20 min, 754 3E 3
500 r/min F, B> 10 min, B b &, £ & 517
nm A H IR A A B 2 mL FRIURE & TR
B BIMA K ZEE 2 mL, KN 20 min. 7£ 5%
¥ 3 500 r/min FE . 10 min, Bl b & W&, 72 Ik &
517 nm &M ECIRSCE N AUl 2 mL JTRE W E 0. 04
g/L %) DPPH « J/KZBEVE WA 2 mL K ZBER
MAENS I, KBEFEIEH A B TR FitE
BE &%t DPPH A i 28 B %,

?%B,%$=(1—A‘—0Ai ) X 100%

2) BEAHEFRENNE XHSERA
AN, PE=MABUELHT2REHEL,
ERAETR-YMBERE FamE  BEHE
TEHHEN BEALEHAER. BEEE. B pH
8.2 {9 0.05 mol/L # Tris-sHCl Bk 4.5 mL.. &
F 25 CABH T 20 min, N A 0.1 mL # 5. 4%
R 2.5 mmol/L A8 A =8 0. 4 mL,IBA G 7 25
TR WL 4 min, 724 325 nm 4b I % 5%
BAE. URBKREESESAL. % TAHE
HERE,

ygizzg%:/iﬁjﬁxwo%
EH

AP A AEEAHENREE:; Ax FE &KL
.

3D FRHBARBFHREAOME" 7€ 2 mL £
Rt a5mA 2 mL E R 6 mmol/L. BY Fe-
SO, .2 mL EH 6 mmol/L ¥ H.O,,IBREFE R
BEI10mn, REMA 2 mL #E XN 6 mmol/LL @y
K. ReH5, ERHE 30 min . KK 510
nm 43 B HBSEE 2R R A HEEKE RS
MRERINEHEBOCE, ICRN A FA X A LUE
WARERL WEBERLE,IZRXNA,. EHREH
HETAEAX R

EHRER=0—

4 BFEAMWE  BESWE 0.1 mL, A%
IR A A 10 mg/mL MEFRLHFBERE 2.5 mL,
BE® T 50 CRBFMA 20 min, F f0 100
mg/mL=R ZMHEW 2.5 mL, /AR AF 3000
r/min# L 5 min, B LE® 2.5 mL, D AZE K
2.5 mL 1 g/mL ZFALBER 0.5 mL.#HE 10
min J5,7E 700 nm M E HBEE Arvw . A
Ao T BEE JE ST KN 3 Aoonn (H 18 8 5 K SR 1 38
MR,

1.2.4 S HARMGMAEME £ (RP-HPLO) &
wE KaEEEERENES A RP-HPLC %l
EHME., RATENHERH_REBKERE
F0.22 pm FLIERR L IR, 015 & F: Restek C18
H (250 mm X 4.6 mm,5 pm); A A 2042
BE(V/V),0.1% =/ Z B (V/V); B, 70% Z i
(V/V) 01N =R ZBV/V), BHERERF.0
~ 3min 1004 A(V/V),5-20 min: 0~100% B
(V/V), BB EN 1 mL/min; ¥ K 25 °C. i
PR Spl MK 220 nm 1

1.2.5 QTOF-MS =z a &AM A7 WM
S KRS . WATERS ACQUITY PDA; 4r#7 4
BEH C18 ($2.1 mm X 100 mm); % & 220
nm; HE R 30 CHERE 0. 3 mL /min; FsIHH A,
MK (EEBRIE0. 2% HER) B, 2 (&R
BO.2XHE). WIHBF:0 min 100%5AV/V),
15 min 50% A(V/V) + 50% B(V/V); 20 min
100%B(V/V),

)X 100%
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R S 85 F % ESL+ BMEHIE 2.5
KV 8T IE 30 VB FIEEE 100 °C; BN &
IR B 250 °C RIEFI SR P& 600 L/h; #EAL <A
FiE 50 L/h; BT AR 70 VR AT L T .50~
3000 m/z; Kl #L & 1 600 VE*I,

EZRE50H
2.1 BREREEINELREARGSE

2.1.1 Sephadex G-10 &g 5 E 4L R KE
P AR B 2 0. 45 pm AL IERE I E R R
HRBER G-10 AT s (LK D,
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Fig.1 Chromatogram of crude antioxidant peptides from the
low-cost laver on Sephadex G-10 column

FEBH a.b.c.d 4 N4 HE R R K
&R 10 mg/mL BI¥H e KAt EfeiEH. Kl
X4 AN SHAE - ENERE S K c Hoy
MAdASHIEFEEMYER. AT dHH
WoaiE b imERRER, HI A HEER R,
McdlsrmARBIMTEHEBERRE, TR c Hor
WERBEAHR TREIREAHR, UK LF
FBEETEGA.

2.1.2 DEAES2 B FX#héeErBsisEr &
FREGOE T HALERILE 2, 55l EE 1%
Hor 3B EH TR AE N E ., KA
WENSEAI AR ERENE., dE2 /LK
#1 0. 1 mol/L NaCl ##E IR s&F1 0. 2 mol/L NaCl Y
AR DPPH JEBR R 2 B 1 &5 bR GE
HMEA EmEERENYHMNEE. 0.2 mol/L
NaCl B985 — A vE B iE 2 d 5 HiEHE A, 1S
P AR E B PRI AE 0. 1 mol/ L NaCl g 15 Bt 1
(A5 ) BHRTHR. -2 H0E,

— B— 4329
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Fig.2 Chromatogram of peptide on DEAE-52

2.1.3 RABE#ES BELER Al BRKE
EMEFRREAE S HALE . RIESE RN
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BMaE . HoEsRILE 3.
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BE—BEE— R X 2 IR
AT I A AR TE RN E . R BB B AL TE
., AL 60U%BV/ W ER T — B &L
P B PR R U4, AR J5 A VR T 1 15 BIvR B K oKL W] 4
AW o EAL IS B AR SR P E ALK ELAP,

2.2 WREEXSHAELSY

MZE 1 TLUEH ELAP 7£ 100 pg/mL Fi gk
ET.H DPPH JHRR 2, 52 8t 2 BR 68 7 Al &
B B ELTE R RE 3 TR R B A IR (B R SR SR
HaE., HEFEXRERETFT. EV@88EAHE.
DPPH Ml A XM IER ER IR N 23.25%,
17.12% . 47. 2%, r R R E B W E F VC B
0.79.0.87.0. 91 f{&. " EfE 1} VC 9 1. 23 1. %
BRI BRI TE . 58 LR EE
MEL R ELAP A BR& M AL TEE . B

® Journal of Food Science and Biotechnology Voi.31 No.6 2012




58t X

WA F L IRAEE RO TP RAMEEKG A I E R

S ELAP Ry B4 & =¥, I 3 Ho iy ol B Je
FER A BEFTIE .

®1 REBBEXSHRAEALEH
Tab.1 Scavenging rates of crude antioxidant peptides from
the low-cost laver and various subfractions of their

raction against hydroxyl and superoxide anion free

radicals

DPPH Bk | MEHMRE| BAmME | BFEH
fEh/% |EBRR/ %/ HBRR/Y% | (Aw)
PUIR 1 2 26. 59. 64 51.78 0. 315

FH i 1937
ELAP 23. 25 47.12 47.12 0. 387

39. 64 44. 38 0. 321

2.3 mRREERXRELKAGELE
ME 4 ATLUE R AR RER TERSE
BIER, EEEEE A 9. 808 min &b, B 1 i
EFAH A 87. 442 BIVEME M, X i8] ELAP & A
B E i,
2.4 MREELERNENSHK ELAPNEERA
B SEER R B RY2 BEH C18 #:. & F 2 F5- /K 0% 30
MR BEOKER SR REEERS s Y Eh &
A 0.2 (V/VD B B BRI A F T B & €3 i Y 18 1K
%ﬂ&%ﬁé BREBE, IR 0.2%(V/V)H R
REFS WA 0. 2% (V/ V) BRI s A, Q-
TOF-MS X £ 8 ¥ # 4 i3 Profiling Solution #% {4
HEAT I HR B RN DL BC, (W] o) % 4 1E fh @ F B R
ZdEm AR - BEHITEER DTSV, 8
FEIEESHE T ZKNEEBRFS.ELAP 9 F
EB FIE m/z 505. 25, Q-TOF-MS 43#F ELAP %

AR DGVGYG (Asp-Gly-Val-Gly-Tyr-Gly) , I &
5,80 m/z 505. 25 Jy ELAP # — /> 1F B faf 09 i {5
5. HRFH ,EHHEAUKN > FEREAE
500~5 000 u, i1 3~16 NEEBA®R. XA fEE
M TARE A RS B i 5 RN 89 45 5K B [
BNt S E P KB R A A TR & Y M 4 R E A,
ATHEMAENGIERRE S5 AHERNE
MEEREMERY . H50 FEERMBRA R LI
SAMAT R ERSH ST ERAFEA
—EBIEBR B R EMBLALRE T, W RE S BT S ALK
YERMLEI A 3% Pro, Tyr .Met Lys.Asp & 3Tk $1
EAREE SANEERY A Tyr AERS
Gly BEBR" A 9B TANAKEHENEER.

RAALREAHWERBSH LV BER. ¢
— 7 [ S5 T ) AT £ B A O 2 IR 1B 5 SR
TTRG R P38 B9 £ Bk 7™ 4 S 41 A AL B8 ) 3058 @
HER BT XH . RHEFSHEHAETE LR
MM ERZIREBEAY P8k —E 4 EH
’%‘k%ﬁﬁﬁﬁm%%%%gﬂk ELAP; ] ] & i &%
WM ATk (QTOF-MS) 447 i ELAP X
— RS BK (Asp Gly-Val-Gly-Tyr-Gly) s ELAP &
BAGTR . EBARERABE TENEEREYE
AN, ACEEZHEEERGASRIH, N
522 o R 4 B di Ak B B — /N Ay T R [F] A
g PEARAE B SRR R B 0 TR &R A R A AR it
T —E R

DADI1 A, Sig=220,8 Ref=off (TA10629\082-0301.D)
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Fig.4 RP-HPLC separation profile of subfraction No. 1
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