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FHEIMURNL LN (Mycosporine-like amino acids, MAAs) S2igFEAEVIEIIMATIE - BARIL UV
HHIREST » FELUMRGEETE A YR SONIGE - ARE R MAAs RYZEUT 200G RAEDIRIVATR - JREE - R
JE R AR - EZBRARLEMET > AWTeHEH ZEERZEIEESTSE Gracilaria tenuistipitata
MAAs [975%] - BEE ] K ERE: (Response surface methodology) #E51 LI ZFE2EENEESESE G.
tenuistipitata MAAs .7 BB L ZEEUEE: » 7E 3D [ b i [ P A5 A B R E R i 2068 + ZEHRE
(X1) 63°C ~ ZEHURFE] (X2) 165 min Kt ZBFEEE (X3) 74.3% FsfESRSE MAAs BRI » Firfs
FZEP e MAAS ZEHUERS7TFy 4.1 mglg K 0.83 mg/g §Z3%  RLOh - BESESE MAAs MZEIRE(EE
HS68 #ii REMuLY 4 S B UV-B IETATSRGZ MRESS - #EH] - 5% MAAS HHAEYI ELARE

FEVE R RN R < 1T 1% -

REST | BEERK - MERRKER - REHEE - gk

U

Hij

HE MEKREE (Mycosporine-like amino
acids, MAAs) Z—REEIZ AR KA EVIRR K
FALEY)  EEERREE ~ R ~ A - THRESIREE ~ g
SRR EIE R 1B - SRS AR g ]
UL - MAAs BHOGIRTEYE - HyTsabaETIREMR
REE VARG IR TS - KL MAAs HURHER
K& EEREYAERNBRERRTAFRZSE - fi
ANAE R AE = LT B R A e S5 K i S i R Yy
4 HEgry MAAs & &iHE#S (Carretoand
Carignan, 2011) - HHES ~ ff3 ~ s P FEHFFER
¥{® (Shikimate pathway) BIT&K MAAS » SREf
Pk Z 2% 18 I RERE Hhig R iy 5 =T - ifF5E
TR FE - BRZENY) ~ IRRS BN SR R YE R
RYISEARERE MAAs 11 FJERY 2 52 & FIRR IS AH %
HRERE AT MAAS > HEJHT MAAS S 2 B
HRIS R RS2 (R Ry ELREMR I SR S - TR AR RN 5
£ (Shick et al., 1996; Mason et al., 1998; Shick and
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Dunlap, 2002) - 2 H Tk IERHERR AR 50 gk
TR MAAs SERASHE S E - HoabfE T 22 IR
}# (Cyclohexene) Jx 3 » EHGHEASEL - 2B - %
B ERSE R FIERERE (Korbee et al., 2005) -
NESERE SAY T IR R - STRE AR S S - S AL
¥ AR A IBEATRE S I MAAS ; Horh 8k
EHAAEE MAAs IYRES) - X Rt - MEH
VEEEERRE S MAAS (Sinha et al., 2007; Kréabs et
al., 2004; Singh et al., 2008; Cardozo et al., 2011) -
IR SEAL Y MAAS 2 H i 107 - B i MAAS
HIFEREFE FIRFFSEAN T - B35 1L 20% HEEZHYm 15
/Y 5E 55 5% Gracilaria cornea MAAs FE % I Il
Ultraviolet (UV) A Jz UVB » JEITHRTTERIMRAIES
=& (Sinha et al., 2000) - [fj MAAs [& T BEIK K 2L 40
HRERGT - ] RS (e A R IS 2R M R
AEA NI A SR MR P 4R (3, 2003,
Oyamada et al., 2008) - 5 » HE %32 Porphyra
rosengurttii 73 EE2E M09 MAAs H B A EERE
FHBLATRE JJ B iz B2 A ak H H E LI SR Y K
R > DUA RIER SN RS AR HTE S AR
A2 (Coba et al., 2009) - [ DUKZEHUMAFEY
HHBEAISE Pterocladiella capillacea MAAs » fRE5E
R T BAVISE LRSS - sZ B A HIHIE R

S
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MfAERAITER (£%, 2006) » £ ESSRKAT DA AT
MAAs B RAFH AR (HE UGS
HEMNRESCRA B E B O E R 22—
] ik SEE I IEORE - R ACHIF TR fiE ARE S 2%
ROt - B FERh A EHE HRESSE MAAS 1Y
WOE AR R - SRS L PR AIRES SR 2 IL LIE
- HEM T M PR IR B S SE 0 - SKBHBIRT IR
Fe I -

XEEEYIRER

—  BBhPR

(—) B

3

¥

BT BESESE G. tenuistipitata HUH
ERRER IS ER TS - $REEIRAS H AR /KIE DL ~ KBR
W e B - FELDUBERR 50°C HzkE > LU
BESEITIRE - FIRE 0.5 mm FLIRETHEET R A -

(Z) MAAs 1Z2£63

HY MAAs H i EARHES, - [RILAHZE6R
223 Cardozo et al. (2011) FikZEEUAEH#EL, - HY 10
g HYRESESR BENIRREE AR ERR A AR 100
ml 20% HfE (Methanol, MeOH) * 4°C Z£HY 24 h»
# X 10,000 rpm #ft.Lr 10 min BH: EiEH - FHEAE
A BRI K o IB R IR 1% - DAESRIKEZH
FEf% 1 0.1% FIEE (Formic acid) [A% L HPLC
HELTHIE - S ATIEEE I Cardozo etal. (2011) HA
R B (retentiontime) HZRANER? -
LUBCEHIE Nakamuraet al. (1982) ~ Dunlap and Chalker
(1986) ~ Shick etal. (1999) ~ Tartarott and Sommaruga
(2002) ~ Carreto et al. (2005) ~ Karsten et al. (2009)
J Cardozo et al. (2011) Y HPLC [EZkislE - L
1.5 ml 3E T 10 s R IPRIK - R EVE P T E]
HPLC HERE R 75 7[RI i R PRy i o [R]— e » e
HRS RAHERRE YE - BRI
BRIKHZAF FARHE A -

(=) alEE

L2 HrEs LI B Sigma (St. Louis, USA) » #fl
fuEtEegE L H GIBCO BRL (Grand Island, N. Y.,
USA) -

(79) HBREHR

AER I T {5 09 HS68 e -4 - I B iy
R LT L -

= EBE AT
(—) MAAs XS4

223 Tartarotti and Sommaruga (2002) f5i% »
PP 10 g HESESERERY + SPRIAIA 100 ml 32 25%
FJE K, 25% Z. % (Ethanol, EtOH) RRFEZAMILE 45
CNHEFTRERL > ZEHURET Ry 1~ 2.5 Je 4h o ZIRHL
HIZEHGR > LA 5,500 rpm EfECy 10 min - B EiEHEHE
A LEBERE ] -

(D) RIFEHE LBt

DL Ry s Hi - MIH bRt TET:  (Box and
Behnken, 1960; =%, 2002) #RETHESESE MAAS §R
TEZERUGRT - DL S Bofa T oo A ket T - i 8
R Rs 2GR ~ IRF ] SO BRI - DA e SR
X MAAs HIRIERFHETEER - 525 Dunlap et al.
(1989) ~ Carreto et al. (1990) ~ Shick et al. (1992) -
Garcia-Pichel and Castenholz (1993) - Banaszak and
Trench (1995) - Adams and Shick (1996) K
Whitehead et al. (2001) 7 f& SCRREOFRM: - 858 =11
PRTIEA < BRFHIE - SR LB EES B B iRl
fRft: - BEFHZEHUREE (Xo) ~ ZEHURH (X2) BeAEHY
EFREE (Xe) T EHEHIER LG - K5 Lee
et al. (2006) & = {l [X] - (factor) A1 7u fl& %
(level) & — [ X v .0 #H & fi@ 1 3% & (central
composite rotatable second order design) » 3fi LIZEHY
WHHEESESE MAAs iR EEMER (Y) - LIS
K ZEE=1110 IEBIEFTARAL - HIRIER g
a4l Table 1 ffR -

ABEdLET 15 {EfRf: 20 RERfE- RS 8 |
FABLERIE ~ 6 (EEhELRCE ~ 1 OB R (A
67K) - HE BRI EIN T (Xi) ZaBEHE Kk
JEMEARFT 1S L iR - ARG B R 5 17 SR it
TS SR =8 RS IE R (EHh
JiRE=) - 23K + Y =Bo+ BuXa + B2Xo + PaXs +
B12X1 X2 + B13X1 X3+ P23XoX3 + PraXe Xy + B2 XX+
BaaXsXs3 o HHpi FIRBIHZIRE » FHLAESRE
EXCEL #g &Sz e iy ir i - DAHk B K BE 5 =K
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MAAS FEH: - FHECEAEIUEIT « BEH I et
WP {5 2 e AU S THE > T 2L
IR -

Table 1 The independent variables and their levels of
this experiment Independent variables

Independent  Symbol

variables (Xi) Coded Levels
1.68 Axial Point
1 Corner point
Extraction 0 Center point
temperature Xi
C) -1 Corner point
-1.68 Axial Point
1.68 Axial Point
1 Corner point
0 Center point
Extraction i
time (min) X5 -1 Corner point
-1.68 Axial Point
1.68 Axial Point
1 Corner point
Solvent. 0 Center point
concentration X3 .
(%) -1 Corner point

-1.68 Axial Point

(=) fELRE

%% Sinha et al. (2000) 73k o EHHZEW DL
6 um JEALEETTEIE - #.L110,0009 #0510 min o
B IS W LI 45 (BUCHI, Rotavapor R-114)
IRMAEHZE » 23 RTIAL0 ml 95% ZEHA ST
VSR - &L 18,0009 #0010 min - FEXGRE EIETR
IRAEZRZ > DL 2ml0.2% FEEE (Aceticacid) 1T
VA 1% L1045 um JEIESHEIER - Bl M
MAAs % o oHl M o O ot B G
(spectrophotometer) J /= 3 REWAHJE M4 (high
performance liquid chromatography, HPLC) ¥%}#E
5252 MAAs JEFTHRBMT -

() DB

227 Conde et al. (2000) J77% » Y 0.1 ml
FALRRESR 1 ml > BRSEEH T
200 ~ 700 nm (F5IRF sl nm) 23 B B2 i - 8

2% 310 ~ 360 nm LRI L - DL 1 ml By
KER 22 HAHE TR -

() SMEERIBET D

Z:%#%Nakamuraetal. (1982) ~ Dunlap and Chalker
(1986) ~ Shicketal. (1999) ~ Tartarott and Sommaruga
(2002) -~ Carreto et al. (2005) ~ Karsten et al. (2009) jz
Cardozoetal. (2011) By /53 i Bl 2 ml
0.2% FEFEYARE > FFLL 0.2 um JEBGRIE%RET
HPLC 43 #T - HPLC & #% (Pu-2089 plus, JASCO
Corp., Japan) = - [E%EfH)y LiCrospher RP 18 %&
(5 um packing ; 250x4 mm 1.D.) » @A -
ZBE (Acetonitrile) = 75%: 25% (£0.1% FE&HER) -
Jiti#F50.8 ml/min - Fo &8 IMRERR S (UV-2075
plus, JASCO Corp., Japan) » B EHE 30C -
BEAEA R Ry 20 pl > F 330 nmi R FHET 74047 -
AR IR e i B I ] L A PASHE i B A L) - DU
MRy » AR B BN E & T -

(%) HERRIBE B R ERDM
1. HS68 e REAHI

#H H& LA Dulbecco’s modified eagle medium
(DMEM) EZ834Min10% f&2-IiE (Fetal bovine
serum, FBS) FA37°C ~ 5% CO, NitEfTH# » il
Rl Ry B R AT THE AR 2 - (EIEE RS
A DUhhEpE FER - FELA10 ml AR S
# (Phosphate buffer saline, PBS) g 3 X »
2 PBS NN 1ml BEEEHES (Trypsin) » Bit&/E
G SR 1 EE S 2 o ORI E - [RIRF O E
ER5TRER FIBG - B ESEFETRAY 5 min #2000
A ImIFBS [ 10 mIPBS W fik 2 K LAt -
B EE U E RO R R R B AR R - £Y 23
Kt - BIAT A THE AR 22 -

2. MR

2 Ferrari etal. (1990) J5iEHI5E - RETIEE
DK EES AR 4 x 10% cells/ml » 1100 pl/well 0
A 96 well B5Efigd - REESE 24 h RIKER L)g
W TSNS FIR AR PR R AR o - 12
MAEGEE 24 h RIREFEEI R4S well JIA100 pl
& A 1 mg/ml 3-(4,5-Dimethylthiazol-2-yl)-2,5-
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diphenyl tetrazolium bromide (MTT) HYPBS » H
37°C HE 4h & EE®BEMA 100 ul
Dimethyl sulfoxide (DMSO) f#HfTfEmEZL - Bl H
Formazan #&& > fA570 nm HIEBOEH -
ilffAE=R (Cell viability) (%)=[ (£&amfHK
JElE — 22 HAHBOGE) HZEHIRHBOE(E]*100% - LL
BRI i e R P2 HRE - i 100% - 5522
R R A B NG R A o B 2R -

3. HS68 it RElIiE.Z HT UV 180553

22 Toritaetal. (2004) J{EHEIE - AHACHEEC
H&ﬁ{ﬁpﬂéjﬁg 4 X 10% cell/ml » DL 100 pl/well Jif
A 96 well Brgefgeh - AGHIA 100 pl R[ERRERY
Beanft 96 well BEsefgrhhsse 24h @R Ll UVB
(0.83/cm?) HEGY 15 min » FEER 37°C ~ 5% CO, £%
HAEESE 240 1% MEITHEERST - Ml
EE (% )=[ (BiHBOEE — 22 HRHBORE) /
PEHIAHBOEME] X 100% - G ER DS R i A
fn s NS UVB 1E R EdilH I fy 100% » 221
R R A S NG R A i B 2R -

) HEtoh

B B L B 2 DL Statistical product & service
solutions (SPSS) faT#AEHET /4T - AT LB
7= B DL —#E%8 /57047 (One-way ANOVA) 5
Tt - DL E B (Multiple
comparison method) - E[IDunnett’s Testi£1 T2 & Lt
W M P <0.05 RPRoRBAMET BB 2R
1%

i S B G

— ~ HEE R ZFEE MAAs IR Z 2 %

Tartarotti and Sommaruga (2002) $1 %2
FE ~ ZEHUIR B e R[] = B[R] - AT SRR
(Porphyra sp.) MAAs [ZEHR FLHREREYT » GRS
HILL 25% RS RS > E 45°C FAHY 2 h > mff%
TR fEAYAEER - Sinha et al. (2000) [l 20% HHfEZE
Ui f5-A9EESaSE G. cornea MAAs B &2 E M -
5 s Carreto etal. (2005) $£Z|4EZEHL MAAS Fij » &
SeLE S I R T SRS - FELL 100% FHESHETT

ZHY - HIREREEHETT MAAS RYZEETE: - {¢ LSz
BT US> Z5HY MAAs 35 DI AR R s - R
WSS b B AE W) T REFE FHAE (R I B iR i |-
WAEHERR R R e - [RIELA AR ~ Z 2Rt
VSTV T AR LR - AR R Z B H Bz 7]
{71 - 220 Tartarotti and Sommaruga (2002) K55
ELL 25% HAfE R 25% CZRERRFRIATRICE 45°C R
TT2EHL - ZEHURF R 1~ 25 Jz 4he

MAAs $H 48 IMR B IR ERIRITE R » 2K Ry
ARG R Ei8 MAAs BEFIFIAER E
PR T B R o RS B SR MR R S T A
REMA g BERGFEYE - HHAEYRNNR
JE£ B A/ A BR B B 5 SR 0 2 B v T A B
(Figueroa et al., 2003; Yakovleva et al., 2004) - H.rf
¥ UVA IRIKTT58H MAAs » H 3 BRI R AT
340 nm (Krébs et al., 2004) - %f UVB I J5RM
MAAs = BEIk I £ 46 310 nm (Portwich and
Garcia-Pichel, 2000) - 5 » Sinhaet al. (2000) ArZ£HY
1 MAAs i RIS IEE 2 2 310 ~ 365 nm 2
fi + Conde et al. (2000) ff5EthfaH MAAs 1A
WOR ALY 310 ~360 nm (2 [ « HCARSESE LSy
JCHERE I HTACE MAAS TEE ST R LAKCE
S HARTETBSEZAEIAT - BT MAAs A7HE T,
DAGIERE LT 200 ~ 700 nm Zoipe R EEE ot -
AR AR AR 310 ~ 360 nm (45M5 )
Z [t (data not shown) - £ 1S K 7.0 MAAS #
1T R R G RN P e 2 MAAS
FI1E 310 ~ 360 nm 5 —HARARY B KORE  (Fig. 1) »
5 5 EH Rastogi and Incharoensakdi (2014a) AY#%S
AT - HEM AT P e 12 MAAS (2 ZERE
T H1RE 25 22 RS R AT R 25 R T AR [
AR 72 B AF 4 h REHFERSR 231 ks 0.32 mg/g
K 0.38 mg/g (Fig. 2) - Cardozo et al. (2011) #5HA
ZFEZERVRESESE G. birdiae B2 G. domingensis Fiff5:
FAZEYEER G Ry 2.7% B2 2.9% - RGRHHZY EH
MAAs ZEHLER S35 0.41 mg/g i 0.44 mg/g » Hfh
REUAGEERE AT - Sinha etal. (2000) Z5&H4 110
SLOMR RIS AL R RS o SRS INEESESE G.
lemaneformis MAAs & & » #EHIAR TR RIS
AR - ATEESE e H RS R A - 1E BB B
F R ] R AP RS B A RCERU MAAs » H

ZENR LB ] A L iR 52 - 7% B AR B
LT » AHTEEE ] ZB2 R 2 S -


http://pubs.rsc.org/en/results?searchtext=Author%3ARajesh%20P.%20Rastogi
http://pubs.rsc.org/en/results?searchtext=Author%3AAran%20Incharoensakdi
http://ethesys.lib.ntou.edu.tw/cgi-bin/gs32/gsweb.cgi?o=dstdcdr&s=id=%22G0M94320017%22.&searchmode=basic
http://ethesys.lib.ntou.edu.tw/cgi-bin/gs32/gsweb.cgi?o=dstdcdr&s=id=%22G0M94320017%22.&searchmode=basic
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(A) 310 ~ 360 nm

Absorbance (O.D.)
|

(B)

200 250 300 350 400 450 500 530 600 630 700
Wavelength (nm)

Fig. 1 Absorption spectra of the MAAs from Gracilaria
tenuistipitata extracted with (A) methanol and (B)
ethanol solvents. *Conde et al. (2000) demonstrated
MAAs with maximum absorption ranging from
310~360 nm.
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Fig. 2 Effects of different solvents on the extract yields
of the MAAs from Gracilaria tenuistipitata with various
extraction times. Results were expressed as mean +
SD. No  significant  different
groups, p>0.05.

between the

=~ ZEF MAAs ZEIY ML B

MAAs i KIS 2 ¥4 310~360 nm
Z[H (Conde etal., 2000) » FE 584 MR M5 B A1
FIET MAAs SEHITBFE L EPIRTHHEL - KRR EE
{5 HPLC {EE— /95347 - HElRIAH 20 fRfERY
MAAs FEfEHREEH5K (Callone et al., 2006) - ifij
1Py MAAs FEE i Mycosporine-glycine
Mycosporine-2-glycine ~ Shinorine kz Porphyra-334
A B A 2R (Callone et al., 2006; Singh et al.,
2010) - HHfA MAAs H Fij i AR HE N - [RIEL SR
ARSI TIEZEEL MAAS TR R ARHE N ORI
52223 Cardozo et al. (2011) ZEHUFESE E G.
tenuistipitata MAAs {7 A5 HEF TS HE L B4 - 5
B MAAs [y HPLC S/ 2 SO ERET ¢
Nakamura et al. (1982) WK EEE (Low
silanol-free group) My 1F + J\ %k — & 1t W
(Octadecylsilica, ODS; C18) & A:1E k& EHH » LA
0.02% PBERAHRIE R B - AR 15°C Rtk
774347 5 T Dunlap and Chalker (1986) ) B % BT,
ZwE &Y (Monomeric octyl silica; C8) &4
TERIEERH » DL 10% FHEE (300 0.1% BEREVAIR)
VE RSN T /347 - KRG DA ERE R I AES51R
HIEREE N TE3i MAAS fHEE -

5 » Stochajetal. (1994) f5H - E B BIAHAY
B2 RS F2 T2 75% I BE A S 40 A I
MAAs - Carreto et al. (2001) {5 F &5 Z BB Bl
FHACHERC C18 BREME T 04T - RIRIR AT 1 B
HRE MAAS © 876t SURR IR 73 4T FRATTHRRE
%X MAAs 1y HPLC ZpAfrikatsE by + [ EHH
LiCrospher RP 18 #%&f¥ (5 wm packing ; 250x4 mm
1.D.) : FEBIAHERES : ZBE5=75% : 25% (& 0.1% [i%
W) » Vst 0.8 ml/min » [ 330 nm ZBETE Ry
FIEAE - Fig. 3 Ty MAAs AZHE N K A5 H RESA SR
G. tenuistipitata 91,2 Zfig MAAs [ HPLC #5258 » ¥t
W R IRF [ ] DS - 212 MAAs 5 (I
BRLASEHE i R IRF V) & > 201k © Shinorine (8.05
min) ~ Palythine (9.34 min) ~ Asterina-330 (10.60 min) ~
Prophyra-334 (11.12 min) jz Palythinol (14.44 min)
FHRK - TE Y 16.60 min ARERKIEHEH] Ry pE b
HAt R e EEE (Klisch and Hader, 2008) -
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Fig. 3 High performance liquid chromatographs of (A) MAA standards isolated from Gracilaria tenuistipitata and (B)
MAAs extracted from G. tenuistipitata using 25% ethanol at 45°C for 4 h.

=~ BEEARUGRA ZE B

Tartarott and Sommaruga (2002) £RE1455E ~ %
TEEE SR UFENY) MAAS HIBSEAEE R - 2537
SR5RAT 25% HHIEE ~ 45°C ~ 2 h RERHEREREE 5 1Al
BEAE 25% FAEE ~ 45°C ~ 2 h 5 25% FfE ~ 4°C ~
24 h FERHGERAET HAE 5 miFFEY A amie 25 ~
100% FHfE ~ 4 ~45°C ~ 2 ~ 24 h HETCRIG B
7= 8. - Sommaruga and Garcia-Pichel (1999) HI£2£Z]
FETHR A B MR AU e MAAS FIRFRH] -
B2 (2003) FEHILL 80% HHPREIR ZHGHER ffi«;k
(Pterocladiella capillacea) MAAs H AR A S
PRt AT DA R 2 A A R A 2 - ’“J:ai
STRREAM SR - MAAS FYZEEUB A2 R FORH IR A
[FEMART 2 EE R R ARG H 25 2t
RAANE] » RIS DA SRR AR HE A 2 e - i
X MAAs [ZEIUTIERER S - B3 ZE0] AR H
] 20 ~100% HfEEL 50 ~80% . FEsEfTAEHN
L HE /M A-20 ~ 50°C -+ HRFfHIsEEE 7 20 min ~

3days - AhFFE R L B E S L ZEHE T - R E
Bafifia €40 T © R 30~ 100°C ~ IRFf 60 ~ 240
min Jz ZEFRRE Ry 60 ~ 100% - 53] =& [X5-F0
TR A SO TRIRR R T WIS 15 RS -
HrPZERGRE 65°C ~ ZEHVIRFH] 150 min ~ ZBHEREE
80% ZMefHETT 6 B » i 20 fE T THl
A o WL HPLC 3 # HZERUIA 330 nm 2 7k fé
R (Y) ER MAAS ZEEUER SRR - DISRET HBR
HFEAUGR » #£ HPLC [EZE > EHY Shinorine
Palythine ~ Asterina-330 ~ Prophyra-334 J Palythinol
NI A S TR 0 TR T 5 > Table 2 Ry Tl

TESBELIE E C BESSE MAAS R TS R -

AL B SR DU B I Bt O v A T S FE B T o3 AT
RAETURIE (Xa) ~ ZEHURER (Xo) BARHUA L
B (Xa) SRkt ERH TR TR A0 - A DA FE
AT AR A 2 I phb e o S5 v e > SR EIGRL

ZEHSURE ] B 2L A L =B K 2 A B AR 8
JA Figs. 4 ~ 6 - ASSREH/RAHRLE ~ R R A
BV ] 1) 18 28 DR R ) = e A 5 90 Mg il T
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Table 2 Experimental data and the observed response values peak area (mVsec) for different values of the three
independent factors, namely, X; (extraction temperature,’C), X (extraction time, min), and X; (ethanol concentration, %)

Factors®

Response values

Run No.
Temperature (°C, X,) Time (min, X,) Ethanol (%, Xs) peak area (mVsec, Y)

1 44.19 (-1) 96 (-1) 68.11 (-1) 5143.45°
2 85.81 (1) 96 (-1) 68.11 (-1) 3709.92
3 44.19 (-1) 204 (1) 68.11 (-1) 4792.78
4 85.81 (1) 204 (1) 68.11 (-1) 2478.54
5 44.19 (-1) 96 (-1) 91.89 (1) 1982.52
6 85.81 (1) 96 (-1) 91.89 (1) 1750.93
7 44.19 (-1) 204 (1) 91.89 (1) 1581.82
8 85.81 (1) 204 (1) 91.89 (1) 1031.62
9 30.00 (-1.68) 150 (0) 80.00 (0) 3159.00
10 100.00 (1.68) 150 (0) 80.00 (0) 3095.31

11 65.00 (0) 60 (-1.68) 80.00 (0) 4687.52
12 65.00 (0) 240 (1.68) 80.00 (0) 4195.80
13 65.00 (0) 150 (0) 60.00 (-1.68) 3980.09
14 65.00 (0) 150 (0) 100.00 (-1.68) 935.74
15 65.00 (0) 150 (0) 80.00 (0) 5882.85
16 65.00 (0) 150 (0) 80.00 (0) 5859.24
17 65.00 (0) 150 (0) 80.00 (0) 5867.35
18 65.00 (0) 150 (0) 80.00 (0) 5894.21

19 65.00 (0) 150 (0) 80.00 (0) 5847.65
20 65.00 (0) 150 (0) 80.00 (0) 5898.59

*Values in parentheses are levels set for independent factors.
PEach value represents the mean of 3 replications.

B o RIEHhE R
Y =3887.189 —432.025X; + 148.985X, —100.790X3
4 154.738X1 X2+ 1041.195X1 X5+ 282.755X2X3
+44.412X1X1—586.700X2X2+90.631X3X3
T SEIRE AR R B AL R ] < R BR R
FEEREER  FEMEE 80% MR o IBEER
61.36 CHy - BEZAE MAAs ZEHU R & FE# 2 HUR
FERY TG IR R i B2 R TS i s
BRRERUREL - KL E SISt ~ ZEHRNY
B (Tartarotti and Sommaruga, 2002) ; #XiT & 15
i 61.36 C IR BESRSE MAAs &l IR -
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Fig. 4 3-D mesh plot (A) and contour plot (B) of the effects of extraction temperature and extraction time on the yield

of MAAs from Gracilaria tenuistipitata extracted with 80% ethanol.
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Fig. 5 3-D mesh plot (A) and contour plot (B) of the effects of extraction temperature and ethanol concentration on

the yield of MAAs from Gracilaria tenuistipitata under extraction for 150 min.
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Fig. 6 3-D mesh plot (A) and contour plot (B) of the effects of extraction temperature and extraction time on the yield

of MAAs from Gracilaria tenuistipitata extracted with 80% ethanol.
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Optimizing Conditions for Mycosporine-like Amino Acids of
Gracilaria tenuistipitata Using Response Surface Methodology

Yu-Lan Hung, Pai-An Hwang”, Yung-Chun Chu and Chwen-Herng Wu

Seafood Technology Division, Fisheries Research Institute

ABSTRACT

Mycosporine-like amino acids (MAAs) are a family of intracellular ultraviolet (UV) -absorbing compounds
involved in the protection of aquatic organisms against solar UV radiation. The protocols used to extract MAAS
largely differ; for example, differences include the type of solvent, concentrations, temperatures, and times used.
Since ethanol is less expensive and less toxic than methanol, the procedure used in this study to extract the MAAs
of Gracilaria tenuistipitata was based on ethanol. An optimization study of G. tenuistipitata MAA extraction using
response surface methodology (RSM) was performed, and 3D response surfaces were plotted from the
mathematical models. The optimal conditions based on combination responses were as follows: a temperature
(X1) of 63°C, a time (X) of 165 min, an ethanol concentration (Xs) of 74.3% ethanol. Under the optimum
extraction procedure conditions, the yields of crude MAAs and MAAs were 4.1 mg/g and 0.83 mg/g dry weight.
Additionally, crude MAAs of G. tenuistipitata significantly increased cell proliferation and protected against
UVB-induced damage in HS68 fibroblast cells. Our study revealed that crude MAAs of G. tenuistipitata present
a potential source of natural photoprotective compounds.

Key words: Gracilaria sp., mycosporine-like amino acids (MAAs), response surface methodology,

photoprotective compounds
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