e Ao ﬁ M (7308 ca £ (ARFEIUE) FSTA
b ™ a ¥ AAE S BRI SR IS T HEFHIOBTICSTPCD

® B I 4 M =® SCIENCE AND TECHNOLOGY OF FOOD INDUSTRY EABCET RCCSEEIZUFAREH
&ﬁ - B - ik - XTH - %E hEEYES R S inoMediEEIH hERHIZOERRA
hEEREET

AP RB AR FEMRRAERRR T IS L

# &, KEw, BREA, WL Z, RIBE, R, WA

Optimization of Extraction Process, Isolation and Characterization of Mycosporine-Like Amino Acids from Four Species
of Marine Red Macroalgaes

HAN Xiu, QIAN Liangliang, CHENG Tongjie, SHEN Yan, DENG Xiaoqun, ZHU Wenxuan, and SUN Yingying

TELR R E View online: https://doi.org/10.13386/j.issn11002-0306.2021110358

T BRI A HAB S TR

Articles you may be interested in

F AR A IR i — Bk i 7 R T 1Y) 20 P 5 2
Isolation and Identification of a High Acid—Producing Lactic Acid Bacteria in Acidic Fermentation Broth of Tofu

B TR, 2019, 40(9): 105-108,114
A I TR W RV a200 1 194385 S i K HLR

Isolation and Identification of a Vibrio alginolyticus Bacteriophage Va2001 and Its Application

B TR 2021, 42(23): 102-109

gt e a AL FLRR T ) 73 8 5 M0

Isolation and identification of lactic acid bacteria from Chinese traditional sourdough

i T RHE. 2017(14): 141-145

IR BT s AN TRV A SR IR P AL B e 5 M

Isolation and Identification of the Constituents of Extracts by Different Polar Solvents of the Edible Fungus “Shuipizi”

B TR, 2020, 41(21): 43-47
157K SRR A TR 1Y) 40 g S

Isolation and Identification of Flocculent Bacteria from the Sewage

B TR 2019, 40(22): 132-137,150
— PR TR T RRIR I 53 B M S OH A W A M B o

Isolation and Identification of a Strain of Clostridium butyricum with High Yield of Butyric Acid and Its Biological Characteristics
B TR 2020, 41(7): 82-88,101

KEMIRE AT, RAFEZ PR



543 % 4 18 4] i Tl B Vol. 43 No. 18
2022 4 9 H Science and Technology of Food Industry Sep. 2022

75, Hhoest, BRI, 4. 4 PORBIZT R R R ZE R ST 200 5 70 B4 5E (0], Bl Tl BHEL, 2022, 43(18): 208-216.
doi: 10.13386/j.issn11002-0306.2021110358

HAN Xiu, QIAN Liangliang, CHENG Tongjie, et al. Optimization of Extraction Process, Isolation and Characterization of
Mycosporine-Like Amino Acids from Four Species of Marine Red Macroalgaes[J]. Science and Technology of Food Industry, 2022,
43(18): 208-216. (in Chinese with English abstract). doi: 10.13386/j.issn1002-0306.2021110358

c TZHAK -

4 PRI B RN 2 2SR T3 Y
TS %€
B B BEE AN, L BN, R, B

(T HEFERS, LB EFAMDBARE S LT, L& =H 222005;
2.4 BT R ERALZ AT P L R = 222006)

W E:LHBRE ALK (Mycosporine-like amino acids, MAAs) J" 2 A& T AR s, 2—L LA RIFS AAT
FWEEM R KRR EREZAERE, S TRURE. B, Rkt atd, k. Hiic
BA L E T MAAs R FEG R0, KRR MAAs T2, FRBGJTTrHELEZ. £R49, £33, &
HE. BIRILEATE T MAAs AT ZHA1%: 45°C, 3hy 42k, 1:25g/mL: 45°C. 1h. 4 k. 1'20g/mL
45 °C. 2h, 3k, 1:15gmL; 40 C. 1h, 3k, 1:20gmL. R A LARRIZ, #E&F2 4 KB LE
MAAs R I 4y, R IFEARK A 2493, 197.9. 146.4 #= 449.5 mg/g, H AR IM R iEFE EZATHR Z I MAAs ’?b
IPBAMA AR E R . BB, RABRAEEN, MLLEfLE MAAs REGET L5 H, 2523405 HI,
JU A= J2, BT Rsb At as, Bk EERRESH, FHETHIHKILE, HE T;iMAAs k. Hl 8.4
shinorine. palythine #= porphyra-334 (3 # MAA &% % 414 HI 4 2 49 95.4%) . palythenic acid (4.6%) ; J1 &
¥ shinorine. palythine #= porphyra-334 (3 & MAA A 4% J1 & £ 49 96.3%) . palythenic acid (3.7%) ; 12 H
palythine ¥4k,

EER: LW AR AR, KRR BRRIY, 58, 5%
FE 5 25:Q949.29 XHRFRIRES: B EHE:1002-0306(2022)18-0208—09
DOI: 10.13386/j.issn1002-0306.2021110358

Optimization of Extraction Process, Isolation and Characterization of
Mycosporine-Like Amino Acids from Four Species of
Marine Red Macroalgaes

HAN Xiu'?, QIAN Liangliang’, CHENG Tongjie', SHEN Yan’, DENG Xiaoqun', ZHU Wenxuan'?,
SUN Yingying""

(1.Jiangsu Key Laboratory of Marine Biotechnology, Jiangsu Ocean University, Lianyungang 222005, China;
2.Lianyungang Comprehensive Inspection and Testing Center for Quality and Technology, Lianyungang 222006, China)

Abstract: Marine macroalgae is one of the good sources of mycosporine-like amino acids (MAAs), especially red
macroalgae. As a new type of active substances with commercial development prospect, extraction, isolation and
characterization of MAAs are far from enough for the application. To obtain the extraction process of MAAs from four
species of red macroalgae (Bangia fusco-purpurea, Gelidium amansii, Gracilaria confervoides, and Gracilaria sp.), a series
of single-factor and orthogonal experiments were carried out to analyze the effects of extraction temperature, time, times
and solid-liquid ratio on the yields of MAAs. The extraction process of MAAs was optimized, and the extracts were isolated
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and identified. The optimized extraction processes of MAAs were obtained as follows: 45 °C, 3 h, 4 times, 1:25 g/mL.
45 °C, 1 h, 4 times, 1:20 g/mL. 45 °C, 2 h, 3 times, 1:15 g/mL. 40 °C, 1 h, 3 times, 1:20 g/mL. Four MAAs extracts of red
algae were prepared by using the above extraction process, and the yields were 249.3, 197.9, 146.4 and 449.5 mg/g,

respectively. All of them showed UV absorption characteristics and color reaction of MAAs in UV spectrum and thin layer

chromatography (TLC). Furthermore, MAAs extracts from Bangia fusco-purpurea (or Gracilaria sp.) were isolated by

silica gel column chromatography to obtain one fraction H1 (or two fractions J1 and J2). MAAs composition and proportion

of these fractions were determined by UV, HPLC and MS, and comparison with existing literatures. H1 included shinorine,
palythine and porphyra-334 (the content of these three MAAs was 95.4% of the content of the fraction H1), and palythenic
acid (4.6%). Shinorine, palythine, porphyra-334 (96.3% of the fraction J1), and palythenic acid (3.7%) were in J1. And J2

was palythine.

Key words: mycosporine-like amino acids; red macroalgae; extraction process; isolation; characterization
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Fig.1 Basic structure of MAAs

KNG P2 MAAs 1 FEZORIEZ —F7, usu-
jirene. palythenic acid ¢ MAAs {U A7 1E T 3 2808,
RANLT IR MAAs IBAESRIE, A& s, B2
FEEP, OB MAAs #2822 F2, prasiolin!®
F1 bostrychines A~F™! 4§ MAAs {UIE KB 35 i &
o teAh, RALL B AR Z R MAAs, HAT,
AT RN 75 MAAs W5 AL T oI B, £
BRI AES AT BB R i U TE PR AER, R
213 MAAs 32 BCR s B pF sx dE & /0B, 9F 10
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Fig.2 Ordered distribution of MAAs contents present at >3 mg/g
in red macroalgae
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1.2.1 JFoRlAhFE RAVLTBET A ERTE Th . BRI
BRI, 1o 40 BifiaH .

1.2.2 MAAs &2l T. 2 FRECKBILIBEETHIR 10 g
JINA B — 2 AR 25% i b, Pl e a5 B
NAERAKIE R IR, i E RS TR R — 2T
(B, REEEHRE, BUH S ==, fHEER . =
B AR 25% H R, 3% 08 FaiR 4R
BRI EIRBORE . BB A I T uE I EE
KJa, IMATCK ZEECE 2R 80%), —20 °C FUTHE 6 h,
4 °C T, 9000 r/min £5.0> 20 min, # 4 FIEW, TTIE
8 . THZEAB /KPR DTTE 2~3 UK, PRI SERT v
PIEAATT, 45 C R RRGR S (BREAPIERD, B
VR0, #4538 MAAs $2HU) .

1.2.3 BRI

1.2.3.1 $ZBUREXT MAAs #EBUSR5Em 12
BUR EEE N 35, 40, 45, 50 Fl1 55 °C, $RHUA 4] |
YRR L35 2 hy 2 YA 1:20 g/mL. B4
SLEEERE 3 A TRE, MAAs $2EXUA] 1.2.2,

1.2.3.2 $REUREIXT MAAs $2BU15 252 42
BUASHAMR Y g 1. 20 3 F 4 h, $2BURE | BURERRK
Wb E M 45 °C . 2 YA 1:20 g/mL, - PS2B65E
3 IOFATRE, MAAs $2HE] 1.2.2,

1.2.3.3 FREKEC MAAs $EBUAS SR 5Em] X
ERBOURECH 1, 2, 3 F1 4 WK, S2BGEE | B fa) Ffekk
W RE N 45 °C, 2 h A1 1:20 g/mL. fA52864
E 3 OPATREE, MAAs $2H2E] 1.2.2,

1.2.3.4 B EEXT MAAs $2BUASRIGFEN B
Ay 50k 1:10, 1:15, 1:20 1 1:25 g/mL, $& Bk
BE . BHE AR BEE N 45 °CL 2 h F1 2 k. B

IR SE 3 TR, MAAs $2HUR] 1.2.2,

1.2.4 B3R 7 BRI RS ILa -, e
Lo (3%) 1EAC TG 2, 5 48 PR HUHR U BE | $R U [a] |
PRI EEAE 4 ANRIZENT 4 FORAILIEE MAAS
B RAREIM R 1), LI AN E TR
1.2.5 MAAs IEBUWIFERA3HE

W= 2 %1000
M

N W o MAAs H IS, mg/g; m Sk
YRR, g M NLLEE R R, 2.
1.2.6 MAAs /75 ZHSCHR [1,7], X508 ik
AT T A EE, HL 1.0 g MAAs SN ek
JEEREJZ AT (3.0 cm=25 cm, 200~300 H) b, ¥l A
FA st/ 2, Tt /25088 7K (81 10:0.5), BENGIEEE > 1.0 BV/h,
VRN 2.5 EAEAFR(BV), 4598 50 mL YRI5 185
ARG IS, SR ZZT AT DGR MAAs!,
1.2.7 MAAs ¥l
1.2.7.1 #Z2)EMraEtEam = e s e sr 69
WEZ TR, IR . RRRE SIS TR K
H, BEHIREBESS 1.6 g/L, sRETERERE G # b, DIHI AR/
TE/ZEIRK (8:10: 0.5, R L) MR IFH . JRIT4E
HIF, T G M, BHPEHE AR (7.3 g Wb anes,
PRIEPR 10 mL, 2548 7K 60 mL), ¥ & 15~20 min, 2
PR B A (B S B AL G I REE SR, PR A4
A BRIk B R 5o
1.2.7.2 SAMEREAEI B 1 mL _E3REZ )2
fifa s i AR B B AR 43, #E4T 200~400 nm
KHH. 7E 310~360 nm YL B YA WU O A AL &
AIEAE N MAAS,
1.2.7.3 TEsUARCRE RIS MAAs $EEU)
0.005 g #T 10 mL ZEIRK, iFLUEE A pe /5, 4T
A 3 (HPLC) BT (ESI-MS ) #illl . HPLC
53K AECA 25 °C, (%A Waters HSS T3(4.6 mmx
150 mm, 3.5 pm) . HshAH A S 0.2% HER /K IE R,
TishiAH B oA 0.2% FFRFESAR . BEERE: 0~20 min,
B%: 0~70%; ¥k 1.0 mL/min, #Z1 330 nm; SEAE R
100 pL. ESI-MS | % : Bi55 <& 45 psi, BT H
10.0 L/min, THIEEE 350 °C, BEi%HJE 100 V, B41
B HLE 4500 V, 305 (Scan) , & B F B L.
121.0509, 922.0098, k2= bb B T X I 2 45 SR i 47592
A58 1E, 23 %% m/z £ 922.0098 &b 4= 47 38 Wi B M
11300, Jifar bk (m/z) JEFEIFE 120~1000,

* 1 IEGRRN R oK

Table 1 Factors and levels of orthogonal experiments
= K%
eE A: SREGRE(C) B: $2IURTH] (h) C: FRIBR BT (W) D: BH L (g/mL)
1 40 1 2 1:15
2 45 2 3 1:20
3 50 3 4 1:25
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5009.6-2016 Ryl 7R, Mg KA LT oK 53 8
B, BB . oK S 55 o
1.3 B

SLIGBAE R FH SPSS11.5 8L 47 0l s BEAR
KB Ge 08T, P<0.05 ki FE25 5, P<0.01 Atk
2 HBRESH
2.1 4 FhRBULTE MAAs IElRT ZWLL
2.1.1 FRPHIERSIGLE
2.1.1.1 $REGREXT 4 FRAILTE MAAs $2EUA1S
SRR IR 3 AT, 4 FhORAIZT 3 MAAs $2HL
YA 32 B B O B 14 T TR R, AE 40~45 °C B,
MAAs 3B Rk B RAE . U B gk Sy
SNk, 4 Fh R RILT 3 MAAs $EEUS 2T MG R R,
HATBEHFVLE MAAs FEHUWS3R 8535 (P<0.05) %
k. WIfEH THRE TS, 2 GKIGTEY e 5
R, TE R BRI LY I s BR P  T BE Z21 MAAS
P WATHEJE MAAs Rl MAA R A= REMPY, H
R R TT 20— 0P 9T . 7 MAAs $EHGTF A,
PRBGREE R — DS AR R 2, Y ULAYHREL
TREETE 4~45 CHWYEEIN . ARSCHFoE RV, $EHBUREE
JE— I A IALT B E A 4 FhORBILITE MAAs $2HL
PYISRFNZE, 45 °C ERGEHEARBUEE .
S AEE

v ILE
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35 4.0 4‘5 5.0 55
PR (°C)
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Fig.3 Effects of extraction temperature on MAAs extraction
from four species of red macroalgaes

ARV NG FHRFORZE R W E K (P<0.05); K 4~ 6 [A],

2.1.1.2 $REATEIXT 4 FPRAILT 3 MAAs $2EU415
s AERE 4 b, BEEREET TR R3S hN, 4 FhocRy
213 MAAs $2BUP) 15888 K. $REUST W] 2 2 h B,
MAASs $2EBUAS R R B R . PR HUAT a4k sk
WY, 4 FhRBILITE MAAs 32 EUAS 22 9F f
At X AT REEFREET AT, KPR
Z, P LR BRI LY RS MAAs $i e EHE Rk
H MAAs 2B H IR i I P2, A [R] R UG
B MAAs F2EET ] AL 24 JL/ N R4,
HENX TTHES MAAs TEdBAR A7 B A 5, HRtEW

Hh i A WL MR MAAs 7 S HF9E . RALBE
Ab, FEEAT R X Ay 3 PR AL 3 MAAs $2EU1S
RAT BEF(P<0.05) . ZE LHRR, 2 h J& 4 e
L n= 0GR IE

B a
450 b )
400F b
350 F

B - LY

% 3007 o BT

E 250 » fifei

e - L

z 2001 a
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150, > . 3
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oLt T e
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FEHUR ] (h)

Bl 4 JREURRINS 4 FOCTIZIHE MAAs $EHURIEEI
Fig.4 Effects of extraction time on MAAs extraction from four
species of red macroalgaes

2.1.1.3  $FEHERET 4 FRORABILT 3 MAAs $E )15
SERsEN [E 5 FRBH, FRIBURECA T 2 k(B 3 R),
BEACTT A AR (BT B E T E )OMAAs F2H)
A5 2R BEPE IR B TG R . MR B Ak S N
B, BRELEE AL, FHE 3 FiORAILIEE MAAs $2EBU15
SR (P<0.05) TR, HREOREGT Z SR Ts 2K
VL DT BRI SR, S EE BRI R MAASs
PASRIEG AN, T B BB N MAAs $2HUY)
RTINS . TR B TV A KA 3 MAASs
PR R AR U0 SRE R B2 2 ek 3 Ik, Z5 LR
R, ASSCEREERBURECH 3 K.

450} o %E,‘ﬁ}g . a

400 | + AIER
v VL
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c
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2300
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150 |

100 |
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Fig.5 Effects of times on MAAs extraction from four species
of red macroalgaes

2.1.1.4 BHEEEXT 4 FpIRALI 3 MAAs JREUFS R
FUSEI FE 1:10~1:20 g/mL JoBIN, R L3,
4 FhRBILT 3 MAAs $2BUAS 3G, 7 1:20 g/mL
A, MAAs $JREUIS R Bm M (] 6) o BHE Lhak
ZEHGIN, MAAs $EHBUPS R IT0E R R, FrALELLE &
FIVLES MAAs $2HU15 3 T [ .35 (P<0.05), 7l fE
ST PRI LI H T K e o, FERR 2 it
P ST M MAAs Bk, ARNREIRANEGS MAAs
PREUEH, R FeAH 2580512320, BN, $85¢ Porphyra
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rosengurttii . fAA1 62 (Gelidium corneum ) F Ahnfel-
tiopsis devoniensis 55 KIILT 3 MAAs $2HUF, R
P AE S 1:100 g/mL; #5250 MAAs $2 BORHE EE
1:67 g/mL; BRERATKIGTTE MAAs F2EET RN
W EARSCIRIFR S R4, D 1:30 g/mL!>, 2% |
PR, 1:20 g/mL J& 4 PhLlaefsdn B HE R L .

500 . = AEH

aso | MEILE ap ;
- IR
400 F o g1
o 350
E 300 -
5 250 + a
200 . b
1501 ¢ °b a
e i S
20 1:10 1:15 1:.20 1:.25
B (2/mL)

K6 BRE LN 4 FRRIZIEE MAAs SRR
Fig.6  Effects of solid-liquid ratio on MAAs extraction from
four species of red macroalgaes

TERTEHAT I LA 1), AR SCHE R 25% HH Ik 42
BT, AT B HSF 4 PR AT P HEHL MAAS.
HEOERIE T, MAAs & FHPRBUEFIRN 15%~75% H
B TR 2, i FLE TSR, mhn, 25", 0.2% SR
IKEE R A 0.5% FF ) PO o Ji |- i P7) 45
i R R R SEG, ABE Y IR BURE . A

(6], YEAITERR LEA R T 4 FORIRIZIHE MAAs FOFREL.
2.1.2 IEZRIRLER  FERA R SIS L, SRHIE
ARG, PE— 2L 4 W BRI | BFa] . BRI L
X 4 FhORCHULT 38 MAAs 2SR A052 ), 25 5 UL
2% 2. X IEASIEG 25 R T BT G H e
W), AR HILL B E . AL BT E M E
MAAs LRI T2, BRi4-5124: 45 «C. 3 h, 4 K.
1:25 g/mL;45 °C. 1 h. 4 ¥X. 1:20 g/mL; 45 °C. 2 h.
3¥R.1:15g/mL;40 °C. 1h, 3 ¥X. 1:20 g/mL,

R ERCARIRECT 2, dil 4 B4 B3 A 4E
. BEAEVTE VLS MAAs $: B0, 3 BU A5 54K
W N 249.3, 197.9, 146.4 Fll 449.5 mg/g. Lee &51%
KJH 50% ZEEHEBURTILT g B e (Mazzaella
sp.), BEHUIAERAKIK N 10.32% Fll 11.77%, A< SCH
4 PRI L PR U AR i T Efl. 78 4 FhoR
HIZT 8 MAAs JREGE R, R ILTEH MAAs 2
O £ AP , SR AR R IR M, i 3 FhoRALL
# MAAs $BOREEEH, AR SCUCHIR A RE2 R
LLPER ST B e AN T . SR FH bR 7 30022, il
T 4 FPRILTEE IR (32 3) . 3R 3 R, 4B H
A I T R . FEIR ST,
TIXTLLEE MAAs HEBIRIE T 2000 8 P T 5B
2.2 4 FRBILTE MAAs HIRT

P 4 Fh R BILT i MAAs U3 T2 26

*2 IEsARER
Table 2 Results of the orthogonal experiment

. (SES MAASHRIEH (mg/g)
S
A B C D AEE Fapia AT H VLE
I I I I 1 1735 176.2 1222 4347
2 1 2 2 2 182.2 193.1 141.5 448.9
3 1 3 3 3 2482 185.8 130.4 4362
4 2 1 2 3 200.1 192.4 1453 4453
5 2 2 3 1 246.9 190.6 142.6 4268
6 2 3 1 2 213.5 178.1 120.1 440.1
7 3 1 3 2 2227 188.5 132.3 4203
8 3 2 1 3 199.3 170.3 119.6 4159
9 3 3 2 1 170.2 174.2 139.7 410.1
k, 20130 198.77 195.43 196.87
k
S ) 220.17 209.47 184.17 206.13 AT ABLC.D,
ks 197.40 210.63 23927 215.87 ;
2.77 11.87 55.10 19.00
k, 185.03 185.70 174.87 180.33
k 187.03 184.67 186.57 186.57 .
e : EEAL A AB,C,D,
ks 177.67 179.37 188.30 182.83
R 9.37 6.33 13.43 6.23
k, 131.37 133.27 120.63 134.83
k 136.00 134.57 142.17 13130 o
BT : EEALA: AB,C,D,
ks 130.53 130.07 135.10 131.77
R 547 450 21.53 353
ky 439.93 433.43 430.23 423.87
k 437.40 43053 43477 436.43 .
T : W EULE: A B,C,D,
ks 41543 428.80 42777 43247
R 24.50 463 7.00 12.57
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Table 3 Detection results of nutrient content from four red macroalgaes

KRILT e
PRI (g100e) e e AR T
Koy 7.37 9.54 8.93 436
EH 42.59 15.60 9.13 18.45
fg 3.50 2.47 225 3.48
WGy 14.20 29.74 25.92 5438
KA 32.34 42.65 54.17 19.33
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Fig.7 TLC detection results of MAAs from four red
macroalgaes
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Fig.8 HPLC detection of MAA extracts from four red macroalgae
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Fig.9 Isolation of MAA extracts from through Gracilaria sp.

through silica gel column chromatography
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Table 4 Maximum absorption wavelength, MS values, relative peak area and composition of the isolated fractions of MAA extracts
by silica gel column chromatography

H45 BRI KA, (nm)  [MH]  Mass MAAF% MAAZEMA As 5 AR 432 25 B L 191 (%)
333 333.1 332 Shinorine 054
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an 334 347.0 346 Porphyra-334 (WMA;\;* )
337 329.0 328 Palythenic acid ’
2 319 245.1 244 Palythine 100
[32]
268 205.0 204 (Sid::%ﬁm
332 333.1 332 s 49.6
319 245.1 244 Shinorine 16.6
L HEMAASTEEY : Palythi :
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330 303.1 302 Prfly}t/hinol 23.6
328 2227 221 Unknown MAA 6.34
333 333.1 331 Shinorine 7.54
319 245.1 244 Palythine 03
o A 334 347.0 346 Porphyra-334 5.62
AT MAAsH iy
WAL ST 331 303.1 302 Palythinol 39.0
336 329.0 328 Palythenic acid 2.93
330 - - Unknown MAAs 1.80
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