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TN R N B o RGN 2 O N g | B S B T
7% o VA R B0 L GL—20G— 11, b g KA
PR AR 5 i 7RG % K F-: AR2140 %Y, Ohaus
Corp. Pine Brook, NJ, USA; ¥ % T #¢ #l.
ALPHA1—ALD Germany, | &&= R4E A
BN s AKIATE R - SHA-B T | JH [ A v 2845 [
O] G 7E K - RE-52AA B, 158 A AR AY
3] ; C-18 Sep-Pak #1:; Waters Sep-pak C18 [& £
FIUIME B EIR AR AW 5 5 Ah—T WOGTEAY
Shimadzu UV-2550 Japan, H 4% & B\ 7] 5 B 40K
A TS HPLC, oA — iR 8 [ 51 Al &5 (DAD)
PUICHR , A S ERE A% 55 - Agilent-1100 , 36 [H % FE 4
235 WU 55 TR AT I JE] BT % {X ESI-TOE/MS:
Agilent-1969A , 3¢ [ 2 $E 48 24 w5 43 H7 0 JB5 HL-
AL, 78 TKA

1.2 MAAs B4 RIEE

JR TR 4L 22 VLS 5 R 114 I B VL
4 CHAMTF AREL )G, veid W T K4, S BIAE
—60 CHAF T T 36 h, ¥3iF % 20 £/ 60 H

MR T L TE SR RAL B 58 U, T 25%
HIEELE 45 CAIRRYE 2 ho YR HIEH I ,8 000 1/
min, B EL 3 e LIFBINICK S s A
PR 80% , —20 T AAF FEHL 2 W' R
Jit R S FA R oy T AR ML JS L 10 000 1/
min, ¥ 7R 5.0 20 min, YR 40 CHUEZR T, #
4K ZW G C-18 Sep-Pak A1, [k Js 5 3 Rl 17

B o BJGTE —60 THRAF TR T4 36 h, 3K
FRUR TR, & .
1.3 MAAs o5

& 2R AR & B R 5 AT WU T AL
2.50 g, EFT 25 mL AR ,0.22 wm TEHLAR
REUE  UEIRCTBOR A HEA TR

WKL (HPLC) 454" : f,3% H: 2y Zorbax
SB-C18 # (5 wm packing;250 x4 mm 1. D) ;7 3l
FHHR 0.2% LR (A AH]) , ik ai HEE (B A1) ,
FEEVEML t 25 0 ~30 min, B% 5 20% ~80% ; jii
# 1.0 mL/min; #: 25 C ;LR 100 wL,

Ji 3% (ESI-TOR/MS) 454" 1 IF B F i g
B, W55 s 45p si, THRAU(N,) i3 10. 0
L/min, TS5 B 350 C, BYI4 £ 4 500
V, % #% B & ( Fragmentor ) 100 V, 4 3
(Scan) , S LB F i 12 121. 050 9,922, 009 8,
NS LGB I 45 R EAT IR AT, LADR TE 2

SR HER PE, 43 P m/z A 922. 009 8 Lk
11 300444 ( Scan) G fif kb (m/z) Ju [ 4120 ~
1 000,

PR IE 2R AT i dE MAAs i AH I
W, OB TR D v R T . R T AR B Al K B
W5 o IAE 310 ~ 360 nm 3 [l N AT 20 A0 44
1 AN [R) O B B T 1800 PR TE IR S D A
1.4 MAAs TEASKN A ERIEL

Bl ke (1) terEfZ il
# FREU MAAs 3% 4y porphyra-334- 7 i
an 5 mg (K522 0.000 1 g) , FEE2lK & 72 5] 50
mL, $£4])5 ,810.5,0.75,1.0,1.25,1.50,1. 75,
2.0,2.25,2.5 mL 458 T 10 mL &5 8P,
BEBNZIBE . LAMSEAKCNZ LR, 7E 334 nm L0
U PEIROGAE Ao LAFRHE i ik B A R A s,
W GRE ARz B A R R

(2) [REIE . SR AR [l ik B
EEOM SRS, B mMA— &
Porphyra-334 X} # it , 76 5 KW A< 334 nm b
iz OD fA, [A) vk 3 & i 5 5 K, MIA5F- 34 [m] i
o ARAEEE R E BICR R =R, /R, (R [H]
W% R, SEIE R, IIAGE) .

B RCR AR E AR Ty ke i S (1) Frife
Mk 7 RE . FREX MAAs %24 4) porphyra-334 f5
VERL0.02 g5 Z0.000 1 g) T100. 0 mL 55
SR, I S AR S 0T e 2 R AN IR AT, IR
B A, P I sl A i 8 O 70 25 B0 P 2 1Y)
WeEE 4 5k 2.0.,10. 0,20, 0.,40. 0.80. 0 pg/mL
Pl ZR A, LIARUE il Ve J3E Ry i A , 058 i Wi {1 Ay
YPAprezE AR EIE R (2) FICRE ., R
FE IR T S 0 T i
1.5 HEFEMEL

PAAS[R] ¢ B2 1Y porphyra-334- A 1 V8 W o K6
DAL, (R B Sk FH UV 3281 HPLC B 4a 0, 48 J5
iz FH Origin 8. 0 %4 4 ¥ 43 At #4F, g5 UV ]
AELE R 5 HPLC U 5 45 S 2Z [a) 1 AH 56 Pk 2
A

2 4k
2.1 IEh MAAs 959

Kl MAAs [ 57 1938 % 7 % /& HPLC 45 &
LAMEIEFHE (310 ~ 360 nm) |, % Ty i e K Y
PRI SR A o i B 1) 85, T DA R 250 MAAs [543 19
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S e T FR IR RS I SR AR K o A TETR
AbifEdh LR MAA J83 R AE 282 5RO S
FE GO0 T, %0k e o LB R 3l i
C-18 Sep-Pak [ A%< Bkt 1> il £ A HPLC #17
JrEsaidk, S8 5 F H] ESI-TOF/MS 15 31| & il 73 £
BT IM+H] " m/z FE 70 A B, R &
Gy BRI 25 R BRI HEM 43 1 X AR 225 S0k
[ 16 ] FRFAE 5 A1 W W5 K AT LA A6 1 o VL
MAAs FZR 57

TLE MAAs W AH @IS b & A 4 ABTE
F20 st £ HPLC #Egk—2Palifl, 15 3 O B
A )4 )k 3. 567 5. 624 6. 373 9. 471 min [ZH
g3 (R 1) Ul MAAs $2IB0Y Al GB35 A1 4 Bl 4b
WS, T L 3 A 2 A3 0 TR A U AT DL &
U EEISHE] A 3,567 F19. 471 min (20 53 5 4%
W HI 4 PP — B (B 1) AT RUE Y 32
SRS M +H] T m/z 53500 245 333,303
347, FH ESI-TOF/MS £ 4ilit 45 ) Analyst QS

BAFARE 4 FhEHp O RERS 7 [ M + H ] " I g
TG B 2) X Hop 7= 7 e, 15 2V b
AFPIE Y B s (£ 1), 455 5% Ok
[16 ] X173 85 A 4 Fp A5 AT LR S0, B
Jei ) T 28 A W W' 15 4 il A 2 4 A o) A
310 ~360 nm [ 4FAE I 1 430 o 320 334
330 1334 nm (3K 1), 58 87058 SRR M
KA,

BODCHE " SR BT A UL E MAAS (1 3
B A3 A porphyra-334. F1 shinorine , 4% 2 56 H 1)
WYL VL& b AR 334 nm L0 A7 R AE WU Y
porphyra-334 & i % & , I shinorine & & & Ik,
UEEHAS [6) Bh VL b MAAs 170 K& B A 2%
. GRONIGER 4" Wit 3 1Y it 1 94 2 KT
BRI T 7 B MAAs 50y, AR ARV
N LFRFEVLE T HA R 1 4 By BE E5

155, P 22 0] AT RE R T R B AR I e A KRR
IR o

F1 MAAs TESMRERE .S FLEH . 5L R BT IEE R
Tab.1 Retention time, molecular structures, ESI/MS values and relative
peak area of mycosprine-like amino acids

MAA Fiizk

G {4 B2 B[]/ min L GrF 4 AHXS W THT B %
C mycosporine-like [M+H] " mass A nax/ M )
no. retention time . . molecular structure relative peak area
amin acid
NH
OCH;
1 3.567 palythine 245.0 244.11 320 28.6
HOOH~ NH
CO.H
CO.H
2 5.624 shinorine HQEOCH:; 333.1 332.12 334 5.9
HO OH™ NH
N\COzH
CH3;
4 6.373 palythinol H%]‘/IOCH:; 303.1 302.15 330 6.9
HO OH™ NH
CO;H
CO.H
5 9.471 porphyra-334 3 347.7 346. 14 334 58.6
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Fig.2 Mass spectra showing the fragmentation pattern and MH *

peak for each of the MAAs component

2.2 porphyra-334 &l /75 RI 2 5T

UV ik #f porphyra-334 489l 2 A4
BHAA b /R 58 f3t ( Lambert-beer’ s Law ) , £ — € I
3£ S0 B A O (B S S S AR ™ PR3
T[4, porphyra-334 ¥k fE7£ 0. 005 ~ 0. 06 mg/mL
AT R UF R 2P 56 &R, P SRStk Il )3 5 7
Y=17.128X +0. 057 1,R> =0.996 4, 31t 3 2
FHL UV SRR IR 1.14% , AR
TR

Lol Y=17.128X+0.057 1
R?=0.996 4

WyelE
absorbance

0.01 0.02 0.03 0.04 0.05 0.06
WP / (mg/mL)

concentration

B3 UV &l porphyra-334 BRI th 2k
Fig.3 Porphyra-334 standard curve of UV method
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%2 UV % porphyra-334 [E 3k
Tab.2 Porphyra-334 recovery of UV method

S AR/ g porphyra-334

1 /Y
W5 actual /g I
no. recovery
measurement dosage

1 6.5 6 1.08

2 8.6 8 1.075

3 15 11 1.36

4 26 25 1.04

5 30 26 1.154

HPLC 3 2t porphyra-334 28 4 &9 | & i1
A HPLC 3A N V13 MAAs £ 224 4y
porphyra-334 £ ¥ [7] 4 75 #2 2k ¥ = 5005. 9X +
7.044 0,R* =0.999 4, J7 2 i FPEK I 0.000 1,
porphyra-334 7£ 0. 008 ~ 0. 056 mg/mL [ ¥k & {15
IR R, I HRA R &t X R

(K 4) . @it 3e 3 AT A HPLC 32 5934 ik [ml ik
N 95.87% , Yt HPLC & R FIml {5600 .
o 350
g 300 Y=506 5.9X+7.044
o 2250 R?=0.996 4
E:‘: 200
%n@-f—" 150
Qé’ 100
g 50
=0
0.02 0.04 0.06
W / (mg/mL)

concentration

4 HPLC %l porphyra-334 Rt i £
Fig.4 Porphyra-334 standard curve of HPLC method

%3 HPLC ;% porphyra-334 [E|lf &= &K
Tab.3 Porphyra-334 recovery of HPLC method

SN/ hyra-334
sy W ug porpT EER
actual w/ng
no. recovery
measurement dosage
1 5.732 6 95.53
2 9.643 10 96.43
3 22.867 24 95.28
4 27.109 29 93.48
5 38.473 39 98. 65
SRR D= A T 43 #r HPLC %A

UV e g R Z IR, R TERIE G 2
WA T A TR Y =0. 934 8X -
2.591 8,R> =0.987 8, Hrp, X ik UV Il & 4

S,V Sy HPLC M e 45 2] (& 5) . 2 E
WK 6, HFENY=A+BX+CX +DX’,A =

-6.2091,B=1.2786,C= -0.007 3,D =2.4 x
107°,R* =0.991 8, M EiRiIA 45 R0 LIE H,
TE—E WFEE N, UV il 15 25 £ 2 K T HPLC
PR A5 AL, 32 2 e R AE UV & (9 o 72
o, BR T porphyra-334 LLANHAth %) By S ) BT AE 334
nm Zb AW, T R UV s i g TR 22
Z I A AR SE R A (R =0. 991 8) Wi T2k
PERLA (R =0.987 8) , HILIERE Y= —6.200 1 +
1.278 6X —0.007 3X* + (2.4 x10 ) X* M ifE#]
G

40 1 ¥=0.934 8X-2.591 8
- R>=0.987 8

10 20 30 40 50
UV Ml porphyra-3343K & / (ug/mL)
concentration of perphyra-334 by UV

concentration of porphyra-334 by HPLC
N
i

HPLCEZA M porphyra-3343K & / (ug/mL)

BS ZEMEE
Fig.5 Linear fitting

40 + Y=2E-0.5X*-0.007 3X>+1.278 6X-6.209 1
30

20 +

L L 1 J

10 20 30 40 50
UViER Rl porphyra-3343 & / (ug/mL)
concentration of porphyra-334 by UV

concentration of porphyra-334 by HPLC

HPLCIZEA M porphyra-334% & / (ug/mL)

6 ZLMXIEE
Fig. 6 Cubic polynomial fitting

MeFRGEE  FIH UV XS R
W) porphyra-334 17 2, £ LA 7 B AL IE
porphyra-334 (4 &, £ 2F HPLC X144 4%
B\HE,,D%SEED%T FE H R BEFE I N (8 ~ 50
ug/mL) RS 24U A 7 BRI IE A e B {f 5 HPLC
TR TS A 45 AR T , ¢ K 50 B 25 SRR WD, 7E 0. 05

KFET, MABEZMEAREFEER (P =
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0.6722) (F4). UV L — B ALk T 2 H &
PSRN J5 3% , o A by 9590 FP 8 U AR 2%,
UV kiR B AT HPLC Aol 2 6]
B, A B H o A R U . [N
XHER A AT L 3 5 ' 1 A i RN £ 3 ik X

MAAs 554 1 I 52 H BT 58 B/, i H BA X
UV IE #EATREIE , AT BOAE SE B A o fi
J HPLC 35l MAAs 28040 7y & 4, 27 (] UV
TR BEORUEAE bl 20 B8 0 Bk E , DL PRI 45
AR HERE

F4 SHWAMWEIEER

Tab.4 Verification of cubic polynomial fitting results

i UV LR AR, HPLC Jij 25 4/ . A A

o (pg/mL) (pg/mL) (pg/mL) D FrifEfi 2
results by UV fitting results results by HPLC RSD
1 8.0 3.565 2.459 0.7821 0.318
2 12.0 8.124 7.087 0.7331 0.103
3 15.5 11.945 10.897 0.7410 0.068
4 21.9 18.543 15.653 2.0435 0.131
5 25.0 21.568 20. 747 0.5805 0.028
6 38.8 33.813 32.998 0.5763 0.017
7 44.9 38. 656 36.845 1.2805 0.035
8 48 41. 000 38.238 1.9530 0.051
3 e HE A0 B SRR S T TR TR AT

AL EE NGB | R OR35S R B
FORXVLE o MAAs $2 {2547 1 o0 %€ il
ERARI, T AT 4 TR SO, R
ESI-TOF/MS 453 M) 4 Ff s 7 -4 Ky
THH, B55 525 SCRRL L6 ] R 4 Fisior 73 Bl e
playthine , shinorine , playthinol F1 porphyra-334, 3
rt porphyra-334 I playthine %7 4% /& , AH XTI
T FR43 52 58. 6% 1 28. 6%

WP UL B MAAs & &R R oy
porphyra-334 57 MAA [R5 % o 58 4 a5
733 UV 3£ H1 HPLC %45 porphyra-334 & Y
PRAE AR S I Wi, IR N7 1 AR 7 vk B Ze v AU
BMEZIA G L. RGeS 7 e,
t KRB YL R W], HPLC YAEL UV LRI 45 Rk
TR R

PRYFACAE K R T KB E A B
EALTIRE AN KXt JGHHE Sh I i A 4
FURERR FRHA RN, A5 R R 50
BEUTE 4 Al A m ) MAAs i3, (H Bl
A A7 A AE T S 50 5 AR AT A 7 ), A7
BRI KR SR B ) MAAs i), 2L 076 A
Rt — ik, BEDCHE "™ Xt MAAS 75 B I 7
TR HEAT T HIEOE5E, (B2 S MAAS 7 A
7 i B ECIE T A M, 38 5 EE AT 7 il T2
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Study on the isolation, purification and composition analysis of
mycosporine-like amino acids( MAASs) in Gracilaria changii

JIN Ning-ning, ZHANG Zhao-hui* , LI Ba-fang, YAN Fang-fang, SUN Jing-sha
( Laboratory of Marine Bioactive Substances ,Institute of Food Science and Technology,

Ocean University of China ,Qingdao 266003 , China )

Abstract: Mycosporine-like amino acids( MAAs) found in marine organisms,especially in the algaec were a
class of ultraviolet absorption substances. To study the constituents and proportion of MAAs from Gracilaria
changii of Zhanjiang , MAAs were separated and purified by C-18 Sep-Pak SPE and semi-preparative HPLC.
Four mycosporine-like amino acids were found and were identified as palythine, shinorine, palythinol and
porphyra-334 , with an approximate ratio of 4.9:1:1.2:9.9 based on the characteristics UV absorption and
spectral data. This paper compared the accuracy of UV and HPLC determination for the content of porphyra-
334 which was the main component of G. changii,and established fitting curves of two methods. Verified by
experiment ,the HPLC detection for the main components of MAAs was ultimately determined. This research
laid the foundation for the development and use of the UV radiation and anti-oxidative substances in the
economic algae produced in our country.
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