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Abstract: Objective: To improve the quality of abalone polysaccharide, the purification process by macroporous resins was
optimized, and the immunomodulatory activities of polysaccharides before and after purification were evaluated. Methods:
The purification effects of six kinds of macroporous resins on abalone polysaccharide were investigated with the
comprehensive score of polysaccharide recovery rate, deproteinization rate and decolorization rate as the index. Single-
factor experiment and response surface analysis were employed to optimize the purification process parameters. The
immunomodulatory activities of abalone polysaccharide before and after purification were studied by cell experiment
in vitro. Results: HPD100 had the best purification effect on abalone polysaccharide with the highest comprehensive score.
The optimal purification process parameters were as follows: Polysaccharide to resin mass ratio 1:42, adsorption time
3.10 h, adsorption temperature 35 “C. Under these conditions, the polysaccharide recovery rate, deproteinization rate and
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decolorization rate were 97.58%=+1.58%, 30.20%+0.66% and 45.78%+1.01%, respectively, and the resulting average

comprehensive score was 61.83%. Furthermore, the in vitro cell experiment results showed that the immunomodulatory

activity of abalone polysaccharide was markedly enhanced after purification by HPD100, with stronger viability of

RAW264.7 macrophages and higher secretion of cytokines including NO, TNF-a and IL-6. Conclusions: An optimal

purification process of abalone polysaccharide by macroporous resins was obtained, and the purified polysaccharide

exhibited significantly improved biological activity. This research would provide a theoretical basis for preparation of

highly bioactive abalone polysaccharide.
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1.1 #RI5LEE

i ft1 (Haliotis discus Hannai Ino) PNE  WiVLE
Era i A IRA AL A BRIl
FA B2 F s A2l JooK Ol 2Ry A4, vEbk
BREA AR A Wemlie WL B2 AL TR BR
2N H]; D101, AB-8 RALBE gt ARk
FRZSF]; S-8. X-5. NKA-9. HPD100 KAL&HAE b
SR IS TEOVER R A BR A vl /)N B L R 2
MM (RAW264.7 EREANML)  SROGE A SE A
B A BR 2 W] s RPMI1640 B 37 5L | MEmk i (3-(4,5-
dimethyl- 2-thiazolyl)-2,5-diphenyl tetrazolium bro-
mide, MTT) . JI§ £ ## (lipopolysaccharide, LPS) . /)»
5L J88 PR FE X ¥ a( tumor necrosis factor o, TNF-a)
ELISA &7 & . /N A2 6(interleukin 6, IL-
6)ELISA Fiiin) & Jb st RS ERHA IR F;
G413 32 Gibeo 28 Al — 44L& (nitric oxide,
NO)KMIAGR & R R RAEYHARABRA A,

BSA124S 43p#rHL TR #8[E Sartorius 23 5
RE-2000B Ji€ #% 25 & &% B W 2R A ds ) ;
HWCL #% Sy 4t as SIS IR T 52 A BRA w5
HWS-12 B ER K R —ERFAA A TR
AW ZWY-2102C fHIRER TRk & BRI
A A i 1 A BR 2N Wl 5 TU-1950 2540 A] BLYG53 51656 R
it dEsCEATEFASAT BRITAE L H] TDSG (52U
HELOHL W R SRS AT RS W] KQ-300
GVDV fHIREESE A Tees Bl s P
AR A AR IRAR 5 A A R B2 T S bk
(¥ G RN F]; SpectraMax 190 U KHHMY 38
oA (CE) B IR H]
12 SSWHEE
1.2.1 fffa ZBERE  ASH SRR FH R SRR 14 57
PEH 0 220k, BAR T S REETAngE o, ffofa Py e
TR JE e LR IR, i 60 H i, 25 FH . LASHALIA
BRAE R EESZ AR, L & R E S S A, 3 EE IR
FeoA 1:3, KB B 25%(wiw) , B FE I B it 3 12 7
85 °C FEJITEFE 4 h & AR HIEEEF . HERMPREL
10 g ffifa YR TR RIS T 400 mL fIRHIAE T, 1R
G5, 78 70 C @A HETEIR I 40 min, $2HL
L5 )5, 4000xg B0 20 min, Wt FIE R, IR R SE
EEWEEBUS A 4 AR ICK LB, 4 °C Fird
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WRE, BEOWERTIE, R T ENT53-8R 1 28 (abalone
polysaccharide, AP) .
1.2.2 RARARHULERE  FE KA IR T 95% &
B, FEATTSAK 24 h s, DLJO/K R E 0 H
VR, UL EBE TR B I ERL. RS IRE
T 5% HCLEW T, 3 h J5 B TR e = ks
PR NSIR UL T 5% NaOH ¥, 3 h J5 AL 8T
K A, TR T,
1.2.3 KRALWHETGE AP IR 6 FhAS R 1
PR SR G AR SRy R s B BRAAR g KA LA R A T 2
W BFSI58r, 2 NE LS M AR BT L3R 1

HETA PRI A LS T B S 0 TR AR 12 g, &
T 250 mL = A, 05N A 3 mg/mL AP %
100 mL, & FEIR T FRIRG 4, 76 35 C K 150 1/
min PR W 3 h, TR AR BCE 3 AT PR
GRS, IR, TR TSR R 0 I
JE B HUEM P Z20E . S AT, PR R R R
(polysaccharide recovery rate, PRR) . & FH it 5 2
(deproteinization rate, DPR) Fl1 (%, 2 Jlii 5% % (decolo-
rization rate, DCR) . % Abuduwaili 581 Hg i 14
J7 ¥, L PRR. DPR fll DCR ) Il AL £5 45 15 5%
(comprehensive score, CS) PEHT 4 I8 X il £a S0 A4 46
AR, CS (HBR S CRA IR S AL SOR B b . FE A
(DI CS fH-

CS(%)=PRRx0.4+DPRx0.3+DCRx0.3 A (D

R, CS MEZEE VST, Y%; PRR S R B R,
%; DPR MR PR, %; DCR MR LR, %,
1.2.4 WS RGeS DR
SArb i, SR FH AR B Bt T2 00 s R LARS I WA IS 175 1 o
J& B ZHHE AR 490 nm P K AR B EREED, AR
HbrriEh 2l y=8.40x+0.0743 (R?>=0.9995 ) A
BRI, I EA(2) 1 PRR,

C,xV,

PRR(%)=mxloo

F1: PRR B ZHHOR BE 3, %; C RS BT
W ZHEITR RS, mg/mL; C, R RS nE
T ZWE T BRI, mg/mL; V, s W BT IR,
mL; V| TR AR S A IS AAFN, mL
1.2.5 S ENE MR DA
ShbR b, R SR E G-250 B iE KL IR K

x

[ BT 5 W B 5 1 Z2 B VRE. 595 nm P 1 A 1 TR S
FEERY, HRHbruERTLR y=3.57x+0.53(R*=0.9931)i1
B R TR, IR IR (3) 1155 DPR,
CoxVy=CxV,
C,xV,

1 DPR MR LR, %; C, R WL AT
W BRI, mg/mL; C, FEnA WIS uE ik
T B B BE, mg/mL; V) 278 W 6 T 9 WA B,
mg/mL; V| KRG S 8RR, mg/mL.
1.2.6 AEPSRIME XI5 DCR BIIE FIES
TSR [21]0 KBRS T B IS 00 2 A R LA 258
TFARFRRERN GG B e, OGRS s H
1E 420 nm P KT B CRER, FFHE IR 2 (4) 15
DCR.

DPR(%)= 100 X (3

DCR(%)=¥ %100

0

A 4

F: DCR R MPIBRAR, Y%; A, s B RTH
WAE 420 nm P T YRS RE(E; A P8 T B
JE BIBEMETE 420 nm PR B GEE(E .

1.2.7 RALBILfL T2 s 528G FEdfe
WA I RFLRR R S )5, X H 2 hEaifil T 2 T
RS, S PE SR 2 S AR BT R Ll L R R TR] R
7L X 2 Al SR R )

1.2.7.1 B S5 A5 X ai (bR A2 B
i 2E 1 R FLR G 12 g B T =S, 43 im A
100 mL #&JZ K 12, 6. 4. 3. 2.4 mg/mL AP %%, Bl
ZhE S NE M E e (w/w) 53332 1:10, 1:20., 1:30,
1:40. 1:50, 7€ 35 C 44 F¥% 3 h Jo, #E . fliE
FISCHEDEWR o I Y08 T v 22 T e v R RN 1T e
#eBE, 77115 PRR. DPR. DCR Fil CS, #ifi &2 & 1Y
SR AR BTE Lt .

1.2.7.2 W BREsH R 2l AR g s B 2 9 R
FLA R 12 g B F =M, A 100 mL ¥ EE N
3 mg/mL AP ¥, 1E 35 °C &1 F 43R 1. 2.
3.4.5hJa, i, i TR A DR . I BE T
ZE R R B N SR 1 BT E, RS PRR. DPR.,
DCR Fll CS, #5553 14 KA LA S 2 BRFsF 1]

1.2.7.3 W BRI RE X Z2 WAl A O R g s B vk
FIRFLAAE 12 g & T =i, I A 100 mL ¥
S 3 mg/mL AP ¥ (B2 07 T34 35 02 BRI RS ), 53391l

F 1 RAMIREL S B

Table 1 Types and physical and chemical properties of macroporous resins
= RAEIE Bl (mm) He i (m%/g) LA (nm) etk AP
DI01 0.30~1.25 500~550 9.0~10.0 El27/3¢3 L AN BRI
HPD100 0.30~1.20 650~700 8.5~9.0 El27/3¢3 L AT P BRR B0,
AB-8 0.30~1.25 450~530 13.0~14.0 St AN P ERIR B0,
X-5 0.30~1.25 500~600 29.0~30.0 S L AT P ERR B0,
NKA-9 0.30~1.25 250~290 15.5~16.5 etk FLE 8 2 0 AN W BRAR UL
S-8 0.32~1.25 100~120 28.0~30.0 etk L AN BRI,
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TE 25,30, 35,40, 45 C T¥&% 3 h ), H e . g
FRISCEE AR o I BBV Hh 2 I R R IR T
ok EE, 1142 PRR. DPR. DCR 1 CS, #iE &%
P F LA I IR IR o
1.2.8 ) myELiiit  #R4E Box-Behnken X5
T R, A BRI R S5 i R Al 1, SR Design
Expert 11.0 25T 52 R FL AR 2l Ab s S md PR 2 it
AT = RZ =R AR, 6 R 3R 5 K-
W ILER 2,

2 R A R K

Table 2 Factors and levels of response surface experiment

)

A SRR L ) BRI () CHRRE)
-1 1:30 2 30

0 1:40 3 35

1 1:50 4 40

1.2.9  ffifn Z0E S PE T G RPN

1.2.9.1 #AMulE3E B RAW264.7 H IR MR T
RPMI 1640 5532 3L (& 10% G4 1L . 1% 75 85 2% -
HEREE )T, E 37 C. 5%(v/v)CO, BEFEff h il A 1%
Fro BRRMELA A A KRN, T I e a0k, &=
XA IR S50

1.2.9.2 AHMEISEE TS ) AR SLERIA 4507 HRiH,
BOGHEU KB RAW264.7 B EANN, 25501 96 FLAR
o, PSS NN EE S, S S IHERIRES, SrAIImA S AR
[F] ¥ B2 (50, 100. 200 pg/mL) AP BT #3535 4L, 25
F14H (Control, Con) D AR T AP MBS FE3E, 34l
8 M FL. R MTT LM A2 RAW264.7 E 41 it
FOIEEE T S1123, 4HAE 37 °C. 5%(v/v)CO, 2514 F
¥ 3% 24 h &, I AEfLINA 10 uL 5 mg/mL MTT %
W AREMFE 4 h s, 375 IR, DBk sh o iR
e ML A 200 pL —H A (DMSO) 58
Sy VR ER (A2 i, JTIE 45 FLAE 570 nm P KA
BEAE, $2 A ZR(S) THA AN MAR XG5 2, LA IAR X
PGSR FENE AN SRS T o

éﬂﬂﬂﬁiﬁﬁil]ﬁ%(%):%xloo ® (5)

o Ay FRoRAS FHHAE 570 nm P ARG E
s A, FRZHAAE 570 nm PASAE DGR
1.2.9.3 4R T50ukor  BOEEERIY RAW264.7
ELWE AR ML 420 T 96 FLAR D, RR 4058 AW EE f= , Jin
AR HEEE (0. 50, 100, 200 pg/mL) i LLHT f 13 55
FAE R ESRIBC T AP VW, LA 1 pg/mL LPS V£ FH
PEXTRE, 7E 37 °C. 5% (v/v)CO, &M TI%E 24 h, &
20 8 NEFL. WE LA, HRPE NO KL &
PEVEULHII 2520 IS NO & &L, BOWEUAE K
] RAW264.7 ELREAMAIEERP T 24 FLAR T, gt o
ZWGREfE, SR AN TR EE (0L 50, 100, 200 pg/mL)
AP BEAE 37 °C. 5%(v/v)CO, %51F FiFdE 24 h, &

H 6 NEFL. MWIEKIFPAnBE i G B E LR 45
FIHNSE s TNF-o 1 IL-6 B985
1.3 #IEIE

A SCE ¥ E S 3 IR, BARA R L BB bR T
R, IGEYEE T SPSS 24.0 i HAT S
T, BRI ZE T 2253 HT(ANOVA), %A Duncan #6565
17 V4B, P<0.05 For 2257 3, R Origin
Pro #AHIE
2 FERE5HH
2.1  KFLWAETHIE

RALBIBEAE A L s SR W B 50, B TR A B
AR AR EEDIEE, Bl H T2 st fbry—Fh
EEJE S AR IFZELT 6 FREIALS R
FLAR R %o fuf 0 2205 00 2liAbROR, 85 R anEl 1 o .
HARALMIERY PRR B & EMRAK KN HPD100>X-5>
S-8>NKA-9>D101>AB-8, H:*F HPD100 [ £ B {#
B RO I 200 T A B S fis (P<0.05), PRR &3k
97.60%=1.38%. HPD100 1EN—FhFLARR /N AERL
PERFUA AR, AT Z R B8 SRS TR B i
2l R SRR RIS, XS TR S
BRIRGE AT —F . HeAh, 6 FhRFL IS B —E W
FEARMEAERERGE S . D101 Fl AB-8 BYFE FATE
AR AT, B0 DPR 43 52K 36.43%+1.02% Fl
34.92%+1.25%, 35 Z [a] 3F o i 3 25 5+ (P>0.05)
L Z R, X-5 098 B BR AR B 25, DPR AR
9.79%+0.98%. FELLZRBLBRACR I 18, HPD100 [/
O350 R Ad, DCR R 45.71%+1.44%, HK & NKA-
9. X-5 F1 S-8. RFAHMIFBER FATEXT £ KFLM AE 1 2=
PEAERCER A TLR G LhEE, FHIE 1 n] A1, HPD100
LEGAR S e, NI P& HPD100 X fifd fa 2B gE 4T
alifb T 2k

@ PRR 1 DPR =1 DCR ©3CS
1004 2 b b b
~ 7 2 & 7
S 7 ¢ 0 0 7
. - | | |
=SSNl B B I N .
GENTEN B BNGE BN B B
a % rrEEEEIEn
/ o 0 P Ui
2 . ml | ol | ]
& o404 (e LR Dl [ 0] L] e
el | DLES | 2 A | | |
a P G B VER | U em
2 BRI ENTE A
e AU B el BB
B:EE LER BERR S:nE mGER B
S - T 9
Q S ‘ =
S QSQ\ ¥ ég'
Bl 1 RFEIRFLR IR R B R . B BRR . (R Bk
LRI EE G 154)

Fig.1 Polysaccharide recovery rate (PRR), deproteinization rate
(DPR), decoloration rate (DCR) and comprehensive score (CS)
of different resins

1 ARIFREFR R EE N 22 57 B3, P<0.05,
22 AT EZHREESE
2.2.1 ZHESHNE B FL X 2 ali s R i 52
W RRFA B B AR S R AR T ah st AR, X
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e~ B A7 21 [ o FH SR s i), 532 Bk &4

B RISZ MY, FERE S — i, BRI A

g, 85 BT AN E R oG TR R, AR R

FLAR g W B B BT A0 26 X R B, 2= ffF 22

PRI A B A A IR T RE £ S 3 2 MR B R R R,

53— 7 H, R M BTEANAR RS, 18 Y B R B 4

SR AR A A I AR P, (B =g ik B S5 HAR

TG SN I T2, B 2= P] BRI A g 2%

IRIEF G, FEOR FRCRRERE, EAmTE T, DL

ZHE SR BT i LU A PR P AR BRI B SP- Xe) 2li b

SR . anE 2 s, Z2PE S IE TR LR 1:10
Wahn 2 1:40 i, DPR 1 DCR 2 _FFl##, PRR 2
TREEETE, CS WG N SR Y e S AR BT Lhak
SEIEHNZE 1:50 B, 85 P 0 AT €a 2 19T R o Il BH

W HEE, {2 PRR RIREEAIL, CS B . H ik, 8
£ 1:40 1N TGP SIE TR .

50, ~= PRR —+ DCR

- 100

£ 40 &

& 90

S 2

2 304 H60
20 50

1:I10 1:'20 1:‘30 1:I40 1:'50
ZHE SRR L
K2 A SRIEER L SRR ERBERE, R
= SYNGI Et E L Al
Fig.2 Effects of polysaccharide-resin mass ratio on polysac-
charide recovery rate (PRR), deproteinization rate (DPR),
decoloration rate (DCR) and comprehensive score (CS)
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Fig.3 Effects of adsorption time on polysaccharide recovery rate
(PRR), deproteinization rate (DPR), decoloration rate (DCR) and
comprehensive score (CS)
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very rate (PRR), deproteinization rate (DPR), decoloration rate
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Table 3 Design and results of response surface experiment
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Table 4 Variance analysis and significance test of
regression model
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