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Extraction Process of Mycosporine-like Amino Acids from Sargassum sp.
and Its Inhibition Mechanism on the Activity of Tyrosinase
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Abstract: To explore the effect of mycosporine-like amino acids (MAAs) extracted from Sargassum sp. on the activity of
tyrosinase, this study first employed single-factor and response surface optimization experiments to analyze the effects of
several factors such as methanol concentration, liquid-to-solid ratio, extraction temperature and extraction time on the
extraction of MAAs from Sargassum sp. An optimal extraction process for MAAs from Sargassum sp. was then established
using the yield of MAA extracts and their inhibitory rate against tyrosinase activity as indicators. Further, thin-layer
chromatography, ultraviolet spectroscopy, high-performance liquid chromatography, and spectrophotometry were used to
conduct qualitative and quantitative analysis, in vitro antioxidant analysis, and anti-tyrosinase activity analysis of MAA
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extracts. And then, the inhibition mechanism of MAAs from Sargassum sp. on the activity of tyrosinase was determined

through enzyme reaction kinetics analysis, copper ion chelation experiments, and tyrosinase fluorescence quenching

experiments. The results showed that the appropriate extraction parameters for MAAs from Sargassum sp. were a

temperature of 41 C, a liquid-solid ratio of 26 mL/g, a time of 2.6 h, and a methanol concentration of 31%. The yield of

MAA extracts was 89.87+0.73 mg/g, and the ICs, (half maximal inhibitory concentration) value of its inhibitory rate on the

activity of tyrosinase was 2.23+0.32 mg/mL. MAA extracts from Sargassum sp. exhibited the capacity to scavenge DPPH
(IC, 0f 0.17+0.06 mg/mL) and ABTS" (ICs, of 1.03+0.21 mg/mL) free radicals, and could chelate copper ions (with a half-
chelation concentration of 0.70+£0.21 mg/mL). The inhibitory effect of MAAs from Sargassum sp. on the activity of

tyrosinase was a reversible and mixed-type inhibition. MAAs from Sargassum sp. possess the inhibitory activity against

tyrosinase and can effectively block the melanin synthesis pathway. They have potential application prospects in preventing

the enzymatic browning of fresh fruits, vegetables and beverages, as well as in preventing melanosis in shrimps.
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Table 1 Composition and dosage of reagents
SRR (uL) L
W (uL
M{ﬁl . AI AZ A3 A4
L 130 180 120 170
TR 0 0 10 10
ik R PR A T 20 20 20 20
L-Z R 50 0 50 0

SIS R Z RSB P NB R T 2R, 4%
EPLBURE (35, 40, 45, 50, 55 °C) . #w R L (10,
15,20, 25,30 mL/g) . $2HASE(1, 1.5, 2., 2.5.3 h)
IR BB B (15% ., 20%., 25% . 30%., 35%) %] ShE
BE MAAs 915338 N H0T P 2 BR I e Mk i i il 3 1 5
ma], 25 g — R F A, JHC A BB 2R 4544 8 e Sy - FRER
IR 45 °C, $2EUFE] 2 h, VR 25%, WOk
25 mL/g. FHSZHSFAT 3 Ko

1.2.1.2 W aEs e R RS gl R 3l -,
FEHUEEE (A) | BB (B) . #EHRAS TR (C) A1 H Pk B
(D) AW R BT, DL MAASs 15 50 1% 22 B2 B V% PR
il Ry N B, $ RE e L 17 Box-Behnken H.002H
A I e T R, ST PO P 2R RSP ES
(F2).

2 WA TS B R R 5 K

Table 2 Factors and levels of response surface experiments

IKF
HE
-1 0 1
A FREURE(C) 35 40 45
B kL (mL/g) 20 25 30
C 421 A (h) 2 25 3
DHIFER I (%) 25 30 35

1.2.2 ILLEFE MAAs EPEE AR

1.2.2.1 EMSHT  WEENTRNN: 255050 = 1
AT YR EPTIANY, BRER 0.1 g LR BE MAAs #2#
B, T 1 mL 28187K . SREAERER G i I, B
Ay H it/ £ B/ 25088 7K (8 : 101 0.5, AAFH LY, 257y
WAL BRI (7.3 g MALARET, DKESER 10 mL, 2518
7K 60 mL) . #'E T 20~40 min, T EfL S5
RS o, sl A RE A O

AN CRERG I 5 L R 1 MAAs $2EUY) 0.005 g
T 10 mL @ ok, FEAN 000 THETT 240~
400 nm P EFH

15 RO AE AL SR I : K TS R v MAAs HEIUY)
0.005 g %1 10 mL #B4li/K, £ 0.22 mm /KR JENET
W), SR Cg (5 pm, 4.6 mmx150 mm), £E7E N
25 °C, #EFEE 10 pL, HshtH A B 0.1% FIR/KEEIR,
WshAH B o HH s, 3 A 0.8 mL/min, &0 A
330 nm, BN £51F: 0~20 min, B%: 10%~90%%,
1.2.22 EFHENE BRYSEH MAAs #2HU 0.01 g
VAT 10 mL 7K, TREX 1 mL, $& R R 7 500 2 e
JEMH (X, 3745 MAAs FEHUW F 5945 147 R BE (YY),
N (IR o B i
C;ZV K (4

o C R HEH SR, mg/mL; V S HEEL
PIVRIUBAFR, mL; M B R, oo

B A= RE SR sk FH iR (bicinchoni-
nic acid, BCA) P $EATIE, DLA- 1075 AR H AR
HEAL, T 562 nm AMIE WO'GIE, AR 2k y=9.364x+
0.0348(R?*=0.9959) .

L Z Wy & B &2 . 2R JH Folin-Ciocalteu [t 2
PP PEATIE, LIV BT ARG, T 765 nm 4
SEWSGIE, FRAERIZR y=20.205x+0.0454(R?>=0.9997) ,

S R 5 BRI - SR NaNO,-A1(NO,) 4 Hhfn
VEPIE . PAA T AR, T 510 nm 2RI E WO
B, FrrERTZR y=12.843x+0.0342(R?*=0.994)
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S BN A SR R I - R v PO, LA
ZFE AR &S, T 490 nm A K SGAEL, BRifERTZR y=
0.0081x+0.0772(R?>=0.9804) .
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2021, Design-Expert13.1.0.1 /417, AR50
>R SPSS26 41154 fz IR £k (Pearson) #H G 2B
BEAT W EERES, OriginPro2021 #4415,
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2.1 SEE MAAs IRER B EZ 08
2.1.1 $RIBUREEXT S R MAAs #2207
B 1, ShR s MAAs 15538 K CHOG 1% S IR Jh 1 P 11
U103 A i TR B Py 3 i 2 ST B 2 (P<<0.05) HEin
Ja AR S . FEERBURE 2 40 °C B, &R %
MAASs 15 258 K HXT i 22 12 g V% 1A 104 00 1) 52 35 3 e
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Fig.1 Effect of extraction temperature on the yield of MAAs
and tyrosinase inhibition rate of Sargassum sp.
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MA As HEHC P 2R B s PR il e i o . X R
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IS0 ek 180
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10} 160 &
S 3 b v
W7 Vg
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Fig.2 Effect of liquid-to-material ratio on the yield of MAAs
and tyrosinase inhibition rate of Sargassum sp.

2.1.3 FREUSEXT SR 3E MAAs $EHSEI B
PRI TR] U SE 1, Th R 75 MAAs 15-538 K HOXG ik 22 12
Fifg 3% P A 410 ) SR A S B TR R R (1E 3) .
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TP 1A 010 ) 25 4 I i BR8] f% 1 o v i 2 (P<<0.05)
WA, CHFRHEEE] A 2.5 h B, A3k SRl ., Y
PRIBUNT [E] 4R ZE 3G HIINT, MAAs 15538 K HE X 1% 22 192 il
PN 3 835 (P<0.05) . iX 0, g
HUAF ] T HE 20T MAASs R, Y H BCa e 35 5
2 h s, BRI B 69.87%, 2HEH AT E] 15 5]
2.5 h B, 1535 BB 7.66%, S T 1545 B a], B2
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130 = M a 20
12F S p b 1
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s / 160 2
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K 8L S/ Jﬁﬂ'
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>t 130
Lt 7 7 v W 2222
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Fig.3 Effect of extraction time on the yield of MAAs
and tyrosinase inhibition rate of Sargassum sp.

2.1.4 HEEHRBEXT H R MAAs #2EAYs2 M
Bl 4 AT, H s B X B R 9 MA As 55 S HOXT i
SAPRBEFSPE AN H SR A FE 2L . R Y I 2 1)
¥aom, I RSB )E TR Bk, 7 F R EE
30% H}, MAAs 53 B HIXT i 220198 i 7% 12 4 4100 7] =%
Yk B e 2 P B BRI, MAAs 195 K
SR i PR T A P P ) 38 35 B 2 (P<<0.05 ) AR

HEZLE 7 80
B P [ % a 17
1Tf _
N, 60 £
S 9f
< g8t $F
M7 Vg
& 6f g
st 1403
31 30
1F Z
0 —= Z 20
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K4 ISR B0 5 FE i MAAs 13- 58 FI I 2R Tl
Eil R RSNl

Fig.4 Effect of methanol concentration on the yield of MAAs
and tyrosinase inhibition rate of Sargassum sp.
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WREE L WORE L . PR EES AR Bk B S B AR i, B
BE MAASs 195 R0 22008 B4 11 558 Sy i) B 18, 470
PSS BT, 2D SR MAAs $2 T2,
25 DL 3. KX EFRFEX LR MAAs 1558 H
POy LAY i ey e PE I SO B VAT S E A= = e N
FhFER B PR WA T E M https:/www.spgykj.com/3C
BRI o

& H Design-Expert13.1.0.1 #4453 5IX0 3% 3
IS SR AT BT S3AT, 458 B4R (1) F(2) .

M 4 m] A1, R B MAAs 15 5 [ F=
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Table 3 Experimental design and results of response
surface method

e AR CHHL  DWIEE 3% %R
Iitg%% {EJE B(’ﬁl*‘l’tt E‘“EJ #ﬁ(}‘g (%) (%)
1 -1 -1 0 0 6.40 56.9
2 1 -1 0 0 7.41 65.8
3 -1 1 0 0 6.84 56.9
4 1 1 0 0 7.70 67.7
5 0 0 -1 -1 7.80 65.2
6 0 0 1 -1 7.96 68.4
7 0 0 -1 1 7.97 68.1
8 0 0 1 1 8.20 72.5
9 -1 0 0 -1 6.75 57.8
10 1 0 0 -1 7.50 64.9
11 -1 0 0 1 7.04 55.7
12 1 0 0 1 7.74 67.9
13 0 -1 -1 0 7.70 70.3
14 0 1 -1 0 8.05 70.1
15 0 -1 1 0 8.05 70.4
16 0 1 1 0 8.30 74.5
17 -1 0 -1 0 6.38 59.1
18 1 0 -1 0 7.24 63.2
19 -1 0 1 0 6.50 59.5
20 1 0 1 0 7.62 68.5
21 0 -1 0 -1 7.85 66.8
22 0 1 0 -1 8.10 69.7
23 0 -1 0 1 8.02 70.8
24 0 1 0 1 8.60 72.9
25 0 0 0 0 9.03 78.6
26 0 0 0 0 9.25 76.7
27 0 0 0 0 8.97 77.8
28 0 0 0 0 9.17 71.9
29 0 0 0 0 8.90 76.7

K4 DB MAAs RN ELAY [l AR5 22 70 A4 24
Table 4 ANOVA results of the regression model with the yield
of Scagassum sp. MAAs as the response value

FREFRIL PO AHBE U5 FE PEH BN

R 18.1 14 129 902  <0.0001 o
ASREURE 234 1 234 163.35 <0.0001 *x
B-W kL 0.39 1 039 27.13  0.0001 *x
C-HRHUNE  0.19 1 0.19 1291  0.0029 %
D-PEAkE 022 1 022 1507  0.0017 **
AB 5.63 1 563 039 05411 ARH
AC 0.017 1 0.017 1.18 02958 A#E
AD 6.25 1 625 0.044 08376 AE
BC 2.50 1 250 017  0.6825 ARE
BD 0.027 1 0.027 19 0.1897 A
CD 1.23 1 123 0085 07743 AFE
A’ 13.9 1 139  969.68 <0.0001 o
B’ 1.47 1 147  102.63 <0.0001 o
C? 2.59 1 259 181.03 <0.0001 ok
D’ 1.1 1 1.1 7699 <0.0001 ok
G2 0.2 14 0.014
RAUT 0.12 10 0012 057 07854 AFE
alitR2s 0.083 4 0.021
JESIT 18.3 28

R RIRF MR 35 (P<0.01), *FRIR M0 i & (P<0.05), 5[ .

90.2, P<0.0001, B Mt B SRR, i 35 IR HUE P=
0.7854>0.05, FEHH I LI 5 415 25 AN il A G, 5
PR P BB R*=0.9890, C.V.=1.53%. [N, i%
T RER] A I S R MAAs 153 Y=
9.06+0.44A+0.18B+0.12C+0.13D—0.038 AB+0.065AC—
0.012AD—0.025BC+0.083BD+0.017CD—1.46 A%~
0.48B>-0.63C>—0.41D?,

MR 40 LIFEH, B8 J AR — K I A, B,
C 1 D X MAAs 53R 82 # i 35 (P<0.01) 2, {H I
ZZHAEFHXT MAAs 152 0 I i 25 (P>0.05);
ZRIF A2, B2, C2 Al D* % MAAs 15 R4 M 3%
(P<0.01)35&m, R EZEXT MAAs 1525200 A
SRR MESE R . FAEK/NTRIE N, 4 MHE
Xt 5 BB i MAAs 18R 152 Y A A>B>D>C, Bl
FRIBGRLRES R Lb> B st o> FR B AT R o

TFE 5 s, TR MAAs BESE R B 6 2=
[ JABE I F=47.65, P<0.0001, i [0] 455 I 47 i 355
JAUTH P=0.1234, PoeiE 2% R>=0.9794, C.V.=2.01%,
Z2 BHIZ e B TR AL SRR B A . I )A RSS2, ] FH
TAIHTFITIN MAAs $EIC R 1 2 R B S P a0 4 i)
H, Y ,=77.54+4.34A+0.90B+1.48C+1.26D+0.47AB+
1.22AC+1.27AD+1.07BC—0.20BD+0.30CD—11.77A>—
3.15B%*-3.53C*—4.67D?,

5 LhREME MAAs B hym 1oy (B A4 (e Ry 22
ViR ERES
Table 5 ANOVA results of the regression model with the
inhibition rate of MAAs enzyme in Scagassum sp.
MAA:S as the response value

FEFRE FHM AmE ¥y FE Pl BEM
LT 1244.85 14 88.92  47.65 <0.0001 o
ARBUREE 2262 2262 12123  <0.0001 o
B-WUEHE 9.72 972 521  0.0386 *
C-HRHUE]  26.4 264 1415 0.0021 *ox
D- P sevge Ji 19 19 10.18  0.0065 *ox

1
1
1
1
AB 0.9 1 0.9 048 04981 AE
AC 6 1 6 322 0.0945 ABE
AD 6.5 1 6.5 3.48 0.083 AN
BC 4.62 1 462 248 01378 AWFE
BD 0.16 1 0.16 008 07739 A#F
CD 0.36 1 036 019 06672 A#F
A 897.96 1 897.96 481.24 <0.0001 ok
B’ 64.5 1 645 3457 <0.0001 ok
c 80.75 1 80.75 4328 <0.0001 ok
D’ 141.21 1 14121  75.68 <0.0001 o
52 26.12 14 1.87
JAUIR 23.39 10 234 342 01234 AR#F
2R 2.73 4 0.68

iR 1270.97 28

TEF 5 v, AL AR BRI AL C. D XK &
TR T 1) 2R M S T 3B 7K (P<0.01), B FYSEI 2
/KT (P<0.05) , HASH PR Z2 X il A5 i A i 2
(P>0.05) . {E__RIH, A2, B2, C* il D* M i 3%



%478 %3
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(P<0.01), Ui BH 5200 PR 2 A BB S &R e
FAER/NATLLUE Y, SR E MAAs 12 FR B ] R
PSR XL ZR T 2 A>C>D>B, RIH Bk B >$E BT
[ > F st o >0k b o

JH Design-Expert13.1.0.1 # 4 0] DL LI & B 3
MAAs 132 FNEGAI 23 8 H bR e 7 wm, 453 —4>
ARSI 268 FRBUREE 40.9 °C, BB 25.93 mL/
g, PEEATE] 2.59 h, FIEEARE 30.85%, ThFE#E MAAS
ARARFTMIEL Ry 9.13 %, T 2 TR B L () 4 i) S5 FT (EL
N 78.36%. RUTHEERAE, WE FEBUREE R 41 °C, WK
KL S 26 mL/g, $&HUET[E] 2 2.6 h, W B2k R
31%, PEATELERUGNIE, B S0 3 K. K, TR
MAAs 79324 8.987%+0.73%, MAAs £ Iy %] 1% 45,
PR 9 P A AR 3R N 77.69%£0.23% . IZ UG TESE R
5 Bl Y= ASRY I 25 S B (P>0.05 ) 32230T, B IHAR R i
55, Al T 00T SR MAAs 2 ICT 2. il s
FRPMEAL, BESCEE T MAASs (9 2R, AR RS T
HEHD SRR, I R ESEBRCR S A= iE P )
e T Rb AR
22 SEEMAAs WERS O
221 EMESHT SRR RS A A% PR 2K,
il 5 R B MAAs $REUY, X H kA7 e vk e i gy
Hro DEME MAAs 7fERERHR S B—~IH B A (n
B, X — IS S 5 A AL A I LR S S v U,
AL MAAs IR ATREAFTE MAAs 53 (El 5a) .
EHNCIEAGIN I, TR MAAs 7E 240~400 nm U
FB PN AFAE PR S AL, Jre R 1A 306 nm (5] 5b),
S MAASs 9 RFAE W 83 [ ML B 5% 35 SR HH )2
V2 AT R 58 S G ARG I 1 e R R VAR R AR A
MAAs!", AR SRR TR0 8 T S EEE MAAs
B EA MAA(S) o RO (s Aem Fe 0, 4
JBEE MAAs B8 i 2 nd 5y, Hoh, AR e
[f] 2.98 min WM& EL A S, W% Ko 330 nm, £
HE I MAAs FRIERIKC(E 5c) .
222 EmAHT AFE 6 nTLIEH, LEE MAAs
R T EZEEA MAAs SN, S AHEAR ., W, £
PHFNELER . o, ZHE S nlik 27.47+1.65 mg/g, &

%6 LW MAAs B BT
Table 6 Compound composition analysis of MAA extracts
from Sargassum sp.

APEYEIR MAAs  EFUR Z 1 FET EZi
TiE(mg/g) 48.31+1.74 17.43+0.93 20.28+0.46 18.49+1.36 27.47+1.65

FBT . 25 1 A B IR & 43 51 o 17.43+0.93 . 20.28+
0.46 1 18.49+1.36 mg/g. % 6 M E KNSR LS
B s5Ce) Kl i i) T B3 MAAs 32U & F2
MAAs g FN Z A~ ZLIGAHAT

b3 PR e SRR 2 SR SR B, SR ) 13 1T
AL 3RS 19 O 2 9 MAAs £ B0 b =220 il hy
MAAs, i & H 2R Hbrd . e/, a
LAEA T EE AT 2R AT s AEJZHT, 1% MAAs 520
EHALH 5535
23 SEE MAAs FRIMaE L EMERNIE
2.3.1 MAAs %I DPPH H HERIHEREEST LAdhiRN
BHEX IR, 5 T 3% MAAs 1555% DPPH [l 3500
AeJI (K 6) . 48R R, BEE MR X D)2 EE MAAs
e BE I Tl v, PR TE RS DPPH [ B 3L BE 132
55, HHER AU oL 2 ¥ MAAs #R#F H 405 19 (P<0.05)
DPPH H HZIGEREETT, B IXT DPPH A FHAEIEBRIY
IC5, 43 %1°A 0.1540.04 mg/mL F1 0.17+0.06 mg/mL.
2w MAAs VB —ZSREU et il 1 5 g tb i
T AIE R DPPH H 2EBYEET) . BT, 2 WK
WP AT 15 DPPH [ i SLRE I no4iil . 1)
an, ¥4 32 (Alaria esculenta) WF BEFR PO Bk R MG HY
(Laminaria digitata) 22 {EEN % {H & {1135 % DPPH
FI 3 1C,, i KT HE#H MAAs.
232 MAAs X ABTS'H H IR 1 SR %
MAAs X ABTS*H H 235 BR A S &5 - an & 7 fiir
7R, BEE MAAs WBEE S, HOEER ABTS™H H 5
FIRE) 35 (P<0.05) 8458 . AHEL I =, IR BE i e
R B85 1) (P<0.01) ABTSY A i 2L75 568 1, Hot!
ABTS" [ H B35 BR 1Y 1C5, &7 0.42+0.11 mg/mL, &
FE i MAAs X ABTS'H 1 05 BR 19 IC5o S 1.03+
0.21 mg/mL, Bl 55 FihR. 2R, SEHE MAAs X
ABTS" [ HH 2L 147 KR B 7 22 BH I 4y i 35 22 1 B>

® a5, ©) jsgg oo N
360 nm 162.5
20 : i
A 1250
s I‘ "\ 1125
100.0
3 [N\ 2 s
‘ E 75.0
g 10 62.5
‘I . 50.0
J 375
05 F ,r-,\«‘""'f'w‘“\/\""w \\ T;g —— s =
N S
N N S M A R SN RN\ 0 25 50 7.5 10.0 12.5 15.0 17.5 20.0
P (nm) AR FE AR (min)

K5 DB MAAs SRR RERSHZZHT (a) SIS (b) AR 3oB it (o) Kl
Fig.5 TLC detection on silica gel (a), ultraviolet wavelength scanning (b) and HPLC (c) of MAA extracts from Sargassum sp.
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100 - s F8 i, Lt MAAs BEZEE & Fe’'. Fe?'fll Ca”', #ian
S 30 = /i,/_ palythine . poryphyra-334 Fll shinorine 4% . MAA,
2; ; //.//" MAAs # & & )8 38 T2 HE B efl& A £ 1-0H.
g Sl B ~NH, fI-COOH %P9, ARFFErh, LR #E MAAs Xf
£ 40} < BRI —E B GRR, RE H AT R %
I .

=, S R #E MAAs AL, H N MAAs SEAR SR E,
& DO MAA {547 Z4~-OH. —NH, fI-COOH, Mifii, =

0 , , . - . FE#HE MAAs 23 TG4 FrIRe ).

0 0.2 0.4 0.6 0.8 1.0 1.2 - P ,
W (mg/mL) 2.5 SEE MAAs WEESERESE RS0

Ko DR MAAs 2 DPPH F AR R
Fig.6 Scavenging effect of MAA extracts from Sargassum sp.

on DPPH radical
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Fig.7 Scavenging effect of MAA extracts from Sargassum sp.
on ABTS" radical

IR 23 AR ANE e T I
24 MAAs MRBEFREESED

&l 8 AT 1, B MAAs ¥ B i3 Ak, o 2 7
MAAs XTH B FHIES ARG LT, AR B4 ) 8¢
AR 2L W3 (P<0.05), S BUHA B Ak EE AR,
XTER R G BT E W E A 0.70+40.21 mg/mL.
Wi P8 il — P 5 A A S AR R IE P O 1 AR
Bt AR A P R B 22 0 S Ak st AR R, IS B S
UG B B A EAE A, MEe A SRR
FEL RSN, SE I SERUES R AR 2 SiEA s
e o st A S N A TER R T, Sh R MAASs
SR AR 28 26 I REVE, 5 IS 2RI & PR e 3E
G, JE 3 PRSP LG, IR R IR T . TR

100 B
A
— 80} T
S i
¥ 60l /
s -
A B
%40t
e
= S
=207 — —=— ThJE
o Hi
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0 OI.2 OI.4 OI.6 018 1.0
W% (mg/mL)
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Fig.8 Chelating effect of MAA extracts from Sargassum sp.
on copperion

2.5.1 TLE#E MAAs XSS IR B T A3l /E e
Pl 9 FRBH, 7 — s R L Bl P9, AS W) R B2 1) ) 22 v
MAAs XSS ERMEE A W35 (P<0.05) IHIVEA, 3
HEBEE MAAs HeFE g THEr, X 1 S i T 04 40 1
VEFH 2 B 88 58 . MAAs XF 1% 20 B2 I 16 P B9 1Cs,
Sy 2.2320.32 mg/mL, M R X 1 2 8 Al 7 R 1 1C,,
A1 0.158+0.02 mg/mL, Ty EE#HE MAAs X P 2 IR I
PPN HIEFH B 2 55 T Hh R, (B 2280 B i T 2
JIK ICs, {E M 5.76+0.06 mg/mLP" | 733 Z 0l 1C,, {H
R 2.16+0.37 mg/mLPS 53 Y, g5RFEH, TR
#E MAAs AT & A& B sl s s 1. e
SEFFE D, Bl TR MAAs $EIBU 3 T4 5, $
HAf R n] AERG IR Th R MAAs X B RIS 1Y
THIEH .

100 b —— Th
90k ol
80 f

708

60 fi™e—,

50 [+ T

a0,
300%
-

20 "~
10F ~—_
0

HEXSTRIABET (%)

0 1 2 3 4 5 6 7 8
W (mg/mL)
K9 DB MAAs SR i IR R ) B il £ H
Fig.9 Inhibition of MAA extracts from Sargassum sp.
against the activity of tyrosinase
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Fig.10 Inhibition mechanism of MAA extracts from

Sargassum sp. against the activity of tyrosinase
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23 TR [RIHe B B R 5 MA As ¥ TR B AR SR A s
LIRS E R LR E . anE 10 s, s
BRIz, OF HL, BEE TR MAAs SR
YRR 2 PR T v, k5 4 B0 1) 500 R B P 15 R ot/ ) s,
XU SRR MAAs SR I 22U B2 i i AR H
JE T AR, RIS MAAs $REUp i R
e 5 1 2 R Tl 1) S e SRR RE ATAE B VR, i) 17 3
TG, B N HRREAICT X Fhal & AN Ss
E4ET DR T i K AR PR, DTSR T S
PEROT S AR T AN AT ISR, A AR ) R A
AR I B BE P E A EUBUR P E . R, HhE 8 MAAs R
23 RE, DR I RS TE A A 58 Ge v A 45 S 4 A I BL
R FECHAEMISE D, 2Py 2 pEeY)
SEXA T AT s AR

HRYE Lineweaver-Burk XUEIECE AT L] Wi il
FIRAMHRIZEARY, LY R BEEARIEC R AR, [ 338
FEIECR AL ARVE R, HZRARZE T y Rl 5a 4 A9

@ 120 : 8~r2nrgr:g;rl;lL ¢
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¥
T

[
S

1/V (min/A)

S

v
&
.

i
oy
v

-0.2 0 0.2 0.4 0.6
1/[S] (mL/mg)

40 ¢

®) y=21.246x+19.752 35|

2—|
R*=0.988 30l

M_25-
4—‘-,.620

(1] (mg/mL)

(©) 200 ¢
y=165.341x+43.396 180 |

R*=0.988 160 |
140 |
o 120 F
%100»
80 |
60 |
40._
20
B L ,
SIS I SG R A S
(1] (mg/mL)

K11 D2 MAAs SIS B 2R RS P 1 IR

Lineweaver-Burk [&

Fig.11 Lineweaver-Burk plot of the inhibitory effect of MAA
extracts from Sargassum sp. on the activity of tyrosinase

i, AHAETF x VAR TSR RPN, AHSE F55 5 Rk
S5 DU BRAR A AAMHI ™ anEl 11 (a) Ui, 2H4EgE
s i e R ] e, AR 20 i 22 L I ik BE B, I B v
MAAs £ B4 1Y) Lineweaver-Burk $UF) %5 i £k & 32
SOSFEEE A BR, B LD S i MAAs $#EH—
Jy T L S I E S S RIS A, D3y TR
s AESE G MR S - s AR 2 S A,
X R MAAs HEHU ik 2 R I ) P i 2
J& TIRA RIS

B LR AR AN FAREEXT SR MAAs HRJE
AT RAVEREL, 2 11 () FIE 11 () iR, LG B
AYAREER (K L/ V o) T Y G (1/V O 2738 0ok £R
BIEAER], B2 ETh a3, SR RHE EU(K,)
AL Bt = 4100 el 300 e TR A% B8 I T B8, 19T e R R iz 3 R
(V o) PEBEZ AW/, B 11 (o) FNE 11 ()52
UG ELRY R RAFIZ M IC R, R H S K 22
B 14~ 1 ZEMdIA7L S, Pkl a2 K Kg
FIAE 45514 0.95 mg/mL F1 0.27 mg/mL, i ‘& %k
K >K (58 7), "L EEE MAAs S5H§-IKYE 5Y)
IS A i B A 45 5 B 45 5 HL

7T REEE MAAs SR R BRI 2 12 S
Table 7 Inhibitory kinetics and parameters of MAA extracts
from Sargassum sp. for the activity of tyrosinase

I ESH

WK 1Cy, A0
K K, K

Vv S
/mL max m IS l bid]
(mg/m )( ) (mg/mL) (mg/mL) (mg/L) (mg/mL) Bl ZEH!

0 0.050  2.384
0.2 0.043 2921
0.4 0.035  3.929 0.95 0.27
0.6 0.030  4.399
0.8 0.028  4.794

1.091+0.32 Al JRA A

2.6 BRREREEUCIERIER

TE 280 nm FUFCA PAST, BE2ARREEAE 375 nm
QDGR I, I SR MAAs J&, B2 R
A4 22 i I S BT, L 52 R — 5 B0 50 AR
(B 12) o PR ZIR ) PN DR P P 2 IR it 1)
IR R LB AL AR 1Y, 2 Ik BRI g K P

1000

0 L L L L " L L " L L P T
N O A
R A A U NN NN 04

PR (nm)
E 12 REWEDER MAAs FEH T BEBRREN
PEHER IR

Fig.12 Fluorescence quenching spectra of tyrosinase under the
different concentration of MAA extracts from Sargassum sp.
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BRANG R AR, 455 |28 B T Rl R
Wl 2T B s iR ). TR B MAAs INAJS, 1%
SR B SRIEAE 378 nm, R T 4142, X o
BB MAAs SRR EEARSS G320 B IR N 1+
SRR

AT FIRUESY, A SCHIERET T S MAAs
o} T S PR T P P HRIVE FHALEE, B S 3 MAAs
0 PG BT, 5 S R I P T R 0 S e, AT
i S PR B 11 16 P, IT AR i 2l PR il A 52 A A Ak, iF
5 EE 2 PR B TG PERRAIR . R MAAs XTHEZ
PR P () P o 2 T 36 Y YRS B HIVE . JE SR
PR e T B MAAs [ alifl, 25 X g 20 iR BTG
PEEAA SR ZIINHITETER AR MAA, RER L MAA 7E
AN
2.7 XM

TEA SO, T 3 MAAs 12U ik & £
. AR, 20 HEEESEEE B, T B MAAs
PEHE P MAASs i : DPPH 1 ABTS'H i 3EAYRE
F7 R H ik S BRI TG P B RIVE FH Z MR o 21, A T
TAHEHESIT, S5 K 13, B IE 13 AT %0, MAAs,
LTy, FER AP 55 DPPH 1 ABTS™H H 20
I55% 3% LA R 1l T g i P PR U Il S S TE AR G . Hor,
MAAs & 185 H. %} DPPH Hil ABTS*H 1 L5 iR
LA R i P2 Tt P P 00 7] 238 22 [ 2 dnd 385 TEAH DG (P<
0.05), MHE R EL R* 43592 0.78. 0.76 F1 0.74; i &
T &5 DPPH 1 ABTS™ [ i JE0 R 3 DA S B 4,
BR BRI TR A 2 2 [E] R B G A G . X UERHAR LT
W WS 2hE, SRR MAAs £2BUTE) MAASs
JEIHER DPPH F1 ABTS™ [ B 3L A0 H] % 20 R s
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I A B AT i s 2 R P v P DT BV E F o
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Fig.13  Correlation of chemical composition and biological
activity of MAA extracts from Sargassum sp.
TE: 20, WO BIR7RIE | SRR Y G AR, [ R i A S 22 5
FY 2 (B, ARG BRR ; 18] h 80T 7R Pearson AHC R £
R, ot 36F (LB R 3R 78 A O MBS 5 3 7S Bl R 3 A Ok
(P<0.01), *#/R B E K (P<0.05)

3 g

SR FH— ZR 5 B PR3 R o T S 56, ST T S R
B MAAs T 25 $2IBUREE N 41 °C, WOEHE A
26 mL/g, FEHUHFTE] 7 2.6 h, B T 31%. il &
F| Y MAAs 1534 89.87+0.73 mg/g, ZEH: MAAs
Xof 1 ZA R BT 1 % 1C5, (M 2.2340.32 mg/mL.
B3 MAAs %} DPPH Fl ABTS™ [ Hi 5L B AE Y
ICs, {43 % & 0.17+0.06 mg/mL F1 1.03+0.21 mg/
mL. SEIIEES) T PGS vk, A T SR
BE MAAs X 1% S R S PE A A I E AT a6y | 18
UM, HED SRR MAAs 18 5 -5 P S 09 i
O AR B EG, R IS S TR A 5, I S BEXT
Pk S BRI PR . RS SR gE b, KR A 3D 2%
FEETEFN CD S A SOIE i 2 R B A S A5 Ak
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