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1.1 A5 A
(Porphyra haitanensis) (
); SA-2 001*7 201*7 D61 DI152
( );
(
); Tris-HCI
1.2 RBEH5EE
( ); HH-S4
( ); ; 2-16
(Sigma); R1001 (
); PHS-3S  pH ( -
); UV-2802
(Unico); BT100-2J ; D@10 mm><20 cm
( ); SW-CJ-1FD
( )
1.3 Fik
1.3.1 MAAs
[6] ,
(MAAs) ,
- -407C 2h-
20 min - - - - -
- MAAs
1.3.2
Porphyra-
334 Porphyra-334 §334=
4.23x10* mol/(L-cm), (4]
HPLC
(51 UV-HPLC ,
(671 : Y= 20.889X+0.008 47

(R*=0.997 98) ,

1.3.3 MAAs
[91

72 /2017

1.3.4
4
24 h 1 mol/L
HCl 2 h, ; 1 mol/L
NaOH 2 h, ;
1 mol/L  HCI
2 h,
1.3.5 MAAs
1.3.5.1
1)
0.5~5g/LL. MAAs ,
pH 6, 1 mL/min
2)
3g/L MAAs , pH ©6
0.5 ~3 mL/min
0.5 (Bed
Volume, BV) s MAAs
3) pH
3 g/LMAAs ,
pH 3 8, 1 mL/min
1.3.5.2
1)
o NH;-H,0
, 1%~5%
NH;-H,O , pH 6,
1 mL/min, 6 BV MAAs
2)
3% pH o6
6 BV ,
0.5~3 mL/min ,
3) pH
3% NH;-H,0
s 1.5 mL/min, 6
BV , pH  2~8 ,
1.353 MAAs
Design-Expert8.0 MAAs
41 /2
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Box-Behnken SA-2

>

[15-16]

pH ,

pH 3

x1 BMLBBELTERRRGRAKT

Tab. 1 Codes and levels of the factors chosen for the
adsorption experiments
-1 0 1
A (g/L) 2 3 4
B (mL/min) 0.5 1 1.5
C pH 5 6 7
#2 BATETRBETEFRZERBEREKE

Tab. 2 Codes and levels of the factors chosen for the
desorption experiments

-1 0 1

A (%) 2 3 4
B (mL/min) 0.5 1 1.5

C pH 5 6 7

1.4 HELE
Design-Expert 8.0 ,
SPSS17.0

1.5 MAAs ¥4 %

[17-18]
MAAs 5
s 10° cfu/mL,
10 mL (UVA+
UVB, 30 cm) 0s 30s | min 2 min
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5min 10 min 20 min,

20 uL ,  37C 3d

MAAs

2 EREH4T
21 #HADAFERMHLEE TR

1
SA-2 001*7 201*7 D61

D1525 )

, SA-2
MAAs 16.43 mg/g+
0.32 mg/g 86.01%+3.04%;

9.06 mg/g+0.92mg/g 56.63%=1.02%

2.2 SA 2R PAE - FRERES S H F LML

2.2.1
SA-2
3BV, 4h ,
pH
3¢/,
( 2 0.5~3 mL/min
( 3 pH 3-8
; pH ;
(4 ; pH 6
MAAs
) 3 g/L
0.5 1 1.5 mL/min, pH 5 6 7
2.2.2
NH;-H,0 )
6BV ,
pH
2%~4% B
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pH ,
7)

70

1
1 2 3 4 5
KBV H0%

5

Influence of the desorption concentration on the
desorption efficiency

100

90

80 -

70 F

0.5 1.0 1.5 2.0 2.5 3.0
VR /(mL/min)

6

Influence of the desorption flow rate on the desorp-
tion efficiency

70
60 +
50 +
40 |
30 2 4 6 8
VW pH
7 pH

Influence of the sample pH on the desorption efficiency

3%
pH 5 6
0.5~1.5 mL/min

2.2.3
SA-2 MAAs
, Design-Expert 8.0
3

>

F3 SA-2 BIMHEFHAEShAS WML R ZIT5ER
Tab.3 Experimental design and results for the dynamic
absorption process of SA-2

A B C
pH (%)
1 -1 -1 0 76.01
2 1 -1 0 76.20
3 -1 1 0 75.51
4 1 1 0 75.18
5 -1 0 -1 75.80
6 1 0 -1 74.59
7 0 0 1 70.56
8 0 0 1 71.15
9 0 -1 -1 76.80
10 0 1 -1 75.29
11 0 -1 1 70.10
12 0 1 1 71.38
13 0 0 0 78.78
14 0 0 0 78.44
15 0 0 0 78.51
16 0 0 0 78.85
17 0 0 0 79.21
3 SA-2
SA-2
MAAs

Y(%)=78.76—0.0954-0.22B-2.41C-0.134B+0.454C+
0.70BC-1.704*-1.33B°-4.03C*

4, N F:104.78>F0'01, P<0.000 1,
5 F =2.49<F0(05(9.3),
P=0.1993>0.05, ,

R*74=0.983 2, 98.32%
, 1.68%
R*=0.992 6
b 5 b
BC, 4> B BC
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Tab.4 Analyses of the variance of regression equation for the adsorption experiment

df F P
9 145.26 16.14 104.78 <0.0001 o
7 1.08 0.15
3 0.7 0.23 2.49 0.1993
16 146.34
Dk , P<0.05; ** , P<0.01.

x5 WMARBEEAFEDLZEREZF AN

Tab. 5 Significance test of the regression coefficient for the adsorption experiment

df F P
1 78.76 0.18
A- 1 -0.095 0.14 0.47 0.5156
B- 1 -0.22 0.14 2.49 0.1589
C- pH 1 —2.41 0.14 301.95 <0.0001 **
AB 1 —0.13 0.2 0.44 0.5289
AC 1 0.45 0.2 5.26 0.0556
BC 1 0.7 0.2 12.63 0.0093 **
AN2 1 -1.7 0.19 79.02 <0.0001 **
B"2 1 -1.33 0.19 48.55 0.0002 **
™2 1 —4.03 0.19 444.52 <0.0001 **
(P>0.05) , 79.21%+1.02% 0.45%,
: C>B>A,
3 g/L 1.5 mL/min 2.2.4
pH 6 ; ) SA-2 MAAs
79.21% : s Design-Expert 8.0
Y(%)=-50.20800+4.266004+2.37450B+43.68675C 13
~0.260004B+0.450004C+1.39500BC
~1.700254*-5.331008°~4.03275C> 6
8 pH 6 SA-2
’ SA-2
’ MAAsS :
pH ’ Y(%) =62.76—4.884-2.56B+2.85C—2.824B+0.324C
(P<0.01) pH ; +2.48BC-12.214°-2.50B>-5.87C>
0.5~1.5 mL/min Y .
, 1.5 mL/min 7, , F=25.12>F ¢, P<
, ; 0.0002, 0 F =2.69<F,05(9.3),
, pH , Y P=0.1818>0.05,
, pH 5~7 , R*74i=0.9322, 93.22%
, 6.78%
78.76%, R*=0.9703,
3 g/L 1.5 mL/min
pH 6 , 8 ,
76 /2017 41 /2



e IRkE REPOATS

C: FHREWpH

0.50 0.75 1.00 125 150
B: FREIfH
8

Fig. 8 Response surface and contour plots for the interactive
effects of factors on adsorption rates

%6 SA2 BB FMENTSEMMUIERHTEER
Tab. 6 Experimental design and results for the dynamic
desorption process of SA-2

A B c
(%) pH (%)
1 -1 -1 56.01
2 1 -1 61.21
3 -1 1 36.83
4 1 1 64.02
5 -1 0 -1 61.45
6 1 0 -1 48.57
7 0 0 1 53.19
8 0 0 1 35.49
9 0 -1 -1 57.74
10 0 1 -1 61.93
11 0 -1 1 65.21
12 0 1 1 45.09
13 0 0 0 44.92
14 0 0 0 55.22
15 0 0 0 53.24
16 0 0 0 48.62
17 0 0 0 53.63

RT BAXREEREEFESHR
Tab. 7 Analyses of variance of the regression equation
for the desorption experiment

i F P
9 1233.26 13592 25.45 <0.0002 **
7 37.38 5.34
3 2498 833  2.69 0.1818
16 1260.65
: R*=0.9703; R%A4=0.9322;
=14.739
C 4 B
BC
pH> > :
Y%=62.76-2.41C+0.7BC-1.74>~1.338°-4.03C"
9 (B) pH(C)
, 3% ,
0.5~1.5 mg/mL |, ,
MAAs )
, pH )
MAAs
Design-Expert 8.0
) 65.21%,
3%,
1g/L, pH 7
, MAAs 64.02%=*
1.27%, , 1.19%

2.3 MAAs ‘LW 3 E oM da 4t & oAt
: MAAS

MAAs

, 48 h

(P>0.05) MAAS

10
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Tab. 8 Significance test of the regression coefficient for the desorption experiment

df F P
1 62.76 1.03

A- 1 —0.095 0.14 0.47 0.5156

B- 1 -0.22 0.14 2.49 0.1589
C- pH 1 —2.41 0.14 301.95 <0.0001 wx

AB 1 -0.13 0.2 0.44 0.5289

AC 1 0.45 0.2 5.26 0.0556
BC 1 0.7 0.2 12.63 0.0093 *x
A2 1 -1.7 0.19 79.02 <0.0001 wx
B2 1 -1.33 0.19 48.55 0.0002 *x
™2 1 —4.03 0.19 44452 <0.0001 *x

o , P<0.05; ** , P<0.01

£R9 MAAS WA E. £ECETKENEER
Tab. 9 Bacteriostasic effect on E.coli and S. Aureus for MAAs

n X +SD P
( ) 6 317+ 12
( ) 6 311 +£21 >0.05
( ) 6 297 + 14
( ) 6 204 + 17 >0.05
MAAs ,
10 min
, MAAs
39.10%
40.58% ) MAAs
UVA
(320~400 nm) UVB (275~320 nm)
[17-18] ,
[19-20]
& 600
S (D
S , SA-2
MAAs
500 — _| ) Design Expert 8.0 SA-2
~1.00 —0.50 0.00 0.50 1.00 MAAS

B: Ve
9

Fig. 9 Response surface and contour plots for the interac-
tive effects of factors on the desorption rate
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Fig. 10 Survival rates of E.coli and S.aureus
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Optimization of purification process of mycosporine-like
amino acid from Porphyra haitanensis and study on its anti-
ultraviolet activity

YING Rui, ZHANG Zhao-hui, DUAN Xiao-shan, ZHAO Xue, HOU Hu, LI Ba-fang
(College of Food Science and Engineering, Ocean University of China, Qingdao 266023, China)
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Abstract:

Objective: To explore the optimal techniques in the separation of mycosporine-like amino acids (MAAs) in Por-
phyra haitanensis with cation-exchange resins and the study on its anti-ultraviolet activity after purification.
Method: In the screening cation-exchange resin through the static adsorption and desorption analytical experiment,
response-surface methodology was employed to establish a mathematical regression model with the dynamic ad-
sorption and desorption in the single-factor experiments for SA-2. The ultraviolet-radiation models (UVA and UVB)
when compared with blank samples showed that the survival rates of the MAAs groups of E. coli and S. aureus in-
creased; this proved that the MAAs after purification had certain anti-ultraviolet activity.

Result: SA-2 was found to be the most suitable resin for the mycosporine-like amino acid purification; the obtained
adsorption and desorption rates were 86% and 56.63%, respectively. The optimum conditions for the purification were
obtained when the sample containing 3 g/l MAAs at pH 6 was mounted onto a column at a flow rate of 1 mL/min; fur-
ther, it was eluted with 3% ammonium hydroxide to pH 6 at a flow rate of 1.0 mL/min. The purification process
yielded an adsorption and desorption rate of 79.21% and 64.02%, respectively. After the purification of MAAs
sample, it had significant resistance to the ultraviolet radiation and the deactivation rate for E. coli and S. aureus
decreased to 39.10% and 40.58%, respectively.

(ALt dh: BT HR)
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