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1 EARDDRESBABRAG A T A N ER R, AR RDRE (Chlorella sp22) A FIBAMF, RIE
M % %5 ¢ DEAE-52 44 % 1 & F 54k 5 & L L3 2 4040 % 45 HDB-1, *t4bit % 45 HDB-1 #t 47 5LBR AL 4546 #F
SHDB-1, *HERAEIATE Z 4T AN E WA B ERA R, 5REW, A5 HDB-1 X a-k 48 A
. MEZAMA-Z A5 HDB-1 #H47 B AL 15454F 2] SHDB-1, HERKAEH 1.046. AN FML R AW, HDB-1
5 SHDB-1 #) DPPH & & A iF ik & ICs, (F#p#lKE) 185 A1 A 29.28 mg/mL #» 1449 mg/mL, # & & LAk %
IC5, 155417 36.75 mg/mL #=28.59 mg/mL, *T4» SHDB-1 #i AR T HDB-1. HuitsgLE k%%, HDB-1 A SHDB-1
#£ 1 mg/mL K& T xtémf LA t, HDB-1 5 SHDB-1 49 IC., 184 %] %4 960.16 pg/mL % 658.19 pg/mL, 4= SHDB-1
WH'E S e Hela 3§78 2 R T HDB-1., A L2 R R U, ABRAASI4Y RN %45 SHDB-1 5 HDB-1 48
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Effect of Sulfation Modification on Antioxidation and Antitumor
Activity of Intracellular Polysaccharide from Chlorella vulgaris

SUN Han, ZANG Ying, LIU Song, GUO Lizhen, LI Xiangna, HUANG Leiheng,
NING Ziyue, XU Chenghao, LIU Hongquan

(College of Marine and Biotechnology, Guangxi University for Nationalities, Guangxi Key Laboratory of Polysaccharide
Materials and Modification, Key Laboratory of Protection and Utilization of Marine Resources, Guangxi University for
Nationalities, Nanning 530007, China)

Abstract: In order to explore the effect of Chlorella polysaccharide sulfation modification on biological activity, Chlorella
sp.22 was used as experimental material in this study. The purified polysaccharide HDB-1 was obtained by extracting
intracellular polysaccharides and separated and purified by DEAE-52 cellulose anion exchange column. The purified
polysaccharide HDB-1 was sulfated to obtain SHDB-1. The antioxidant activity and antitumor activity of polysaccharides
before and after sulfation modification were studied. The results showed that the purified component HDB-1 was mainly a-
furanose. SHDB-1 was obtained by sulfation modification of HDB-1 by sulfur trioxide-pyridine method. Its degree of
substitution was 1.046. The antioxidant activity results showed that the ICy, (semi-inhibitory concentration) values of HDB-1
and SHDB-1 DPPH radical clearance were 29.28 mg/mL and 14.49 mg/mL, respectively. The ICy, values of hydroxyl
radical scavenging were 36.75 mg/mL and 28.59 mg/mL, respectively, indicating that the antioxidant effect of SHDB-1 was
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better than that of HDB-1. The antitumor results showed that HDB-1 and SHDB-1 were not toxic to cells at 1 mg/mL
concentrations. The ICs,, values of HDB-1 and SHDB-1 were 960.16 pg/mL and 658.19 ug/mL, respectively, indicating that
SHDB-1 inhibited the proliferation of Hela in cervical cancer cells better than HDB-1. The above results show that
compared with HDB-1, the antioxidant activity and in vitro inhibition of cancer cell proliferation of the sulfation-modified

Chlorella intracellular polysaccharides SHDB-1 are significantly improved.

Key words: Chlorella; intracellular polysaccharide; sulfation modification; antioxidant activity; antitumor activity
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1.1 MRS5S

INBRIE Chlorella sp.22 ZASSLIG 28 4y B i ik
A BEARC 1,1- — 2R B2 B (DPPH)  Jb e idise
HIRBHEA R F]; 2 A B I BRAE A7) 5
R FLEYFIEA IR F; DEAE-52 £F4i%E i
Fitg 7 A= BRI AT BRAS B 5 BRER P B AL (0.25%) |
Cell Counting Kit-8(CCK-8) il & I Hgeset
PIRHEA R A F

60 L B NA RiaEEY Ry
H RS H]; UV-1800 £84hn] ULA-S6 e BT g ag
PEIRALRSAT RN 7] LGJ-10 BELZS R THRPL dbat
PRI F R A BR AN F] ; TY92- 1T 75 I ZH ALKy

WML TUCE 2 AR B A R A 7] LC-10A 75
A (0,354 HAS Shimadzu 23 5] ; Nicolet 1S10
1o FL AR e 2T 45615 3% [E ThermoFisher 43 7] ;
Epoch B#FR{X & EAME L 7] TG1850-WS 5305
ELOHL SRS DA ES AT TR ] HH-4
R EEKE w N EGR A B F]; C184322
INEZHTHE . C195324 BREE D INX)Z Al E R
HeIRPIBA R AT

1.2 SEWHE

1.2.1 /PEREEMINZ PRI /NBREEFEIR 10% 19
BRE M T 02 B3k, BT 25+1 C, Sl
4000 Lux &4 F#HATE SR, LGB 12 h:12 h,
W gE ERaE Y/ Nk 3T 8000 r/min 25144 T
B30 10 min, 35 ISR, FHZEIRB/K R Z s 0, 55
OFF B, UEEE T80 °C fIKIRVKFRE TR 2 h, FA5%
VR AR/ Nk e e AR AR, F ORI EE 1:25 g/mL
M LB BN 2% SRR, DI 100 W, 1 75 EF
(4] 4 s, [BIFATE] 4 s 2504 T HE 7S $2 X 20 min, B
SO BRI 958 4000 06 - JFH) 40 o e e SO 182, 80 °C 7K Y
2 h, ZJi7 8000 r/min 5.0 10 min H 3, 208K 2
BV 2 K, BT I . B I WO T % 258 R AX
e, P Sevage FFIBRER H, PUAS AR 2 BEEEDT,
8000 r/min #.0> 10 min BUUTYE, H25 TR 2 A
L EEZ i

1.2.2 MHZHELIMDEIEFRNE BRI i Ak
0.1% W BERIHS IR, 84060 THAHT 200~400 nm
MG, LLZEIRAKRAVE Xt B

1.2.3 fHEbErEdiie SRAN=UZPHLL DEAE-52
LR AEZR IR TR AR, X/ ek i POk 2 pEE o B
B ASHWATEIA T A e, B 1 g ZHHAET SmL
ALK A, FH 0.22 um AOFEFLUE B IEBRERT . A
ZHTHE B B, ARG HZE/K . 0.2, 0.5, 0.75.
1. 2 mol/L i NaCl #F 47 £ B Pl Wi, ¥ il 7t 33 ohy
3 mL/min, J-XFPE BRI EA TR AR, IR 9 mL,
SR B R R VA v o 220 B i, AN TR
WLH ST, FiEIT 3500 Da HEENTASENTERER 48 h,
ZENBRURAR, 4 AR FRIC/K Z D L 1%, B R TS
F 6 ALt 2N .

1.2.4 HDB-1 FilR{ki&ifi

1.2.4.1 =&FAbf-nbresk S 15 mL ERE (2l =
99.5%) M ALEM H FEF T VKA, VKoK i $h
TN =S BR-IERE 1.5 g, BEMic T Huk s Jha iam
KRR E] 90 °C B, A 0.25 g HDB-1,55 °C
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TEARIEFE 3 h, VKOKIEE A E =5, Bidl 2 mol/L 1
NaOH &, i [ W pH £ 7, ilid 3500 Da Y&
MTESENTRRER 72 h, BEUL, Ml ULTE, 4 °C B E I
JEES O, WRDUVE, Y VR T, 15 2 Rk & i 2 hk
SHDB-1!""1,

1.2.42 SHDB-1 LB E R
ARSI X SHDB-1 B gR 470 5, LA 384N
T B 12 SRS R, H—A 6 2l 4 mlin
A 0.6 mg/mL FRUEFRERETIA 0. 40, 80, 120, 160,
200 pL, H 1 mol/L HC1 AT ZE 200 pL, Jil 0.3%

RO 3.8 mL, B—2Hi A 1 mL 846
P-TH RS AC A A, 25 448N 1 mL B

ICo A, SEAUETESE R T S 20 min, BRI
360 nm AR EIE . DACA -A,) 2l R R AR o bk
FrdE Rl £, TS bR i i 26 Y=6.92X-0.0642, R*=
0.9914,

Y 2 mg #iR{kZ8E SHDB-1 #%#7T 1 mL 1 mol/L
HCI, 3B7K¥E 5 h, T 360 nm AN RE R SGE, FRHE
NEITEBUREE(DS) .

_ 1e2xS
32-1.02xS

b SR ERIRIE P (% ); DS: HlRIBY U,
1.2.5 HDB-1 A SHDB-1 £L4MGiEFRME R KBr
FE Ak AT 2 B8 B9 21041 56 3% 47, B HDB-1 &
SHDB-1 %% 1 mg, Al A 100 mg T4 KBr, £ 5§
BRI, 228 S KBr F84MRS), &E T HLUERL
i#E B 0 E R0, FLL AN G SGEA T, R TE R
400~4000 cm ',

1.2.6 HDB-1 } SHDB-1 HAALE ST

1.2.6.1 DPPH H HJIEERAEE SR Fc il ZHEEE
M B 5. 10, 20, 30, 40, 45, 50 mg/mL, LA
Ve VB A BEAPEXT B, B 2 mL 4% 96 B8 AR 5 i WO A
2 mL JiHR)E Sl 0.04 mg/mL DPPH WK, $55) A%
ZAHCE 30 min, 517 nm N ERSEEIS, FREA
K314 DPPH THIR% .

DS

DPPH H H 275 R (%) = (1 - A‘; A ) x 100

0

A Ay ZEW K +DPPH 35 s A B &6 135 I
WA+DPPH ;A AR SRR A
1.2.6.2 ¥ A M FEIEBREE A P 5 e R
5. 10, 20. 30. 40. 45, 50 mg/mL ) ZBFE AR,
LA Ve VEMBEYEXT R . ARE 2 B i 378 BR e
TR G 10 P 15 I A5 R R 1 R A R ST R AR
TN, AR A RSB

¥4 1 I R (%) = ST A 00
As—Ay

2 Agy: FEIRESOGAE A gy X BRAFIROGAE;

A & FIETOLHE

1.2.7 AMBRrElE  HURAT TR AREP 8 Vero

UMY, FET 37 °C AYTEIE KR AR 1 min, K
URIa AR A BS SR, W0 DMEM B5 38U, ‘&
F CO, B4, F 37 °C. 5% CO, 4514F F 9% 2~
3 4P,

HX Vero A 3= B XTEOH, H533MIIA 1 mL
0.25% JERAR FIEF AL IIN AL 30 s, Wbiddss XL
A, R4, 2 BP i A DMEM 8% 3% 3£ 28 117
b HBRBH B LE T, B0 KRR IS
PBS BT BlH %R : F DMEM 153%
YROHE/INER BT P9 Z2FE A% 0.1, 0.2, 0.5, 1.0, 2.5,
10 mg/mL FYLUMIET SR, DAIE & A9 485 35 W R A
PEXFRE . LASARFL 200 pL BN AR 96 fLAR 24+,
FEFLANMIERZ9A 1.0x10° 4>, FBCE BB 3746
H, FEHE R 5% CO, | T 37 °C IIZ&IF FH53E 24 he
SR CCK-8(Cell Counting Kit-8 )5 &b i 4t o i
FEAMEN A . Fidsi 96 FLIFAA difu s s Ak, H PBS Z&op
WIFTE 96 FLAR 1~2 IR, FALINA 100 pL 4035 F7
FLAN 10 uL CCK-8 B, ANMIEFEFANE T 1 he ML
FRERT I AE 450 nm R 52 WOGAEL, T158 Vero 4l
HEAAIXT AT %

1.2.8 ZPHHIHI S UMY Hela FEZEG AT HR
AT TR RE R E SR AN Hela, 754677200 1.2.7,

HUET S955 40 Hela, S 1 mL JI il 40 g 7 fb &
Ak 20 s, BAMEE TS E= kg B ss 1k 4k, i
A DMEM #5383k §T 495, &L 200 pL 50 F
96 M, [ EEFLANECH 1.0x10° 4~ 4R F4m 1%
F% 24 h, Bkl ZHERFE0E: T DMEM 853530/ ek
B HDB-1 & SHDB-1 Bl A EE (100 pg/mL).,
I (500 pg/mL) | =L (1000 pg/mL) =Fhik i
FIZAHAIIR SR, SR CCK-8(Cell Counting Kit-8)
TR S I 21 A G P R . SR 96 FLIR A 4R
Braest, 1 PBS Z2vhigiE Uk 96 fLAk 1~2 ¥k, Bl
A 100 pL 4537 FEFN 10 pL CCK-8 ¥R, 4H s
FEFEWFE 1 he EHEIRGRZERII{AE 450 nm R
SEAE, FE AR
A —A,

A —A,

orp: Ay 25 4, & DMEM K5 383k . CCK-8,
AT A XTREZH, S 4l . DMEM 3% 5% 5 |
CCK-8 ¥ Ay NI ; & ZZHEAN M FR 2L . 4.
DMEM #%55E35E . CCK-8 o
1.3 #IEAIE

IC5, WK IBM SPSS Statistics 25 #fF, 4
158 T VE B 2R OriginPro 9.1 #{AERE, H A
ARG 3 NEEE
2 FBR55H
2.1 MABFELRINEES

ARG IR IIE 1 R, ZPEEITE 260~
280 nm &b I JCER 15T SAXPRFFIEWE, BiFARR L T £
HE R TR R P

JHIR (%) = x 100



%44 T I & A BRI N N S A T BTG PR S -85 -

0.0 d
200 300 400
W (nm)
K1 Nk I
Fig.1 Ultraviolet spectrum of crude polysaccharides
from Chlorella
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BEVTAESENTIREL . B R T S, LT DEAE-
52 BB Fac#edd:, FHANFEIHBERY) NaCl BEliss 2] ik
MR HRZR UnE 2, 432 ali Ab FLA5 B 7S AS R B9 P B i,
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Ve 4 2H 43, B AN R AT 19 PR 2 g 4y, o
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IS, ULAH B 45 S 348 ) HDB-2, HDB-3 3/
WEASTRR, A HL IS, Ui 4 B AN, 2N
1535 —, DEAE-52 BHESFA8 k432 B AR P A
mi £ HL ] B B A T 438, ARG B /S 45
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HDB-5. HDB-6 HJ2H7 A AN [FIFRBE 17 FLfar i 228, 1R
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Fig.2 Isolation and purification of Chlorella crude
polysaccharide

2.3 SHDB-1 HERCEURENIE

AR AR - B VA R R A B i 15 22 8% SHDB-1,
ZHEBUE R 1.046, LIILHFATLL AN GIE 1 K A4
W PEIFSE .

2.4 HDB-1 F SHDB-1 £I4Mtis o 4

HDB-1 LM GEEDE 3A U, 76 3410 cm™
F1 2930 em™ BT YIS FUE B -OH HrdidRshF1 C-
H B35 25, 7E 1650 cm ' 46 C=0 14
PR B WL, 7F 1450 cm™' AMFFAE C-H 25 fhi 3R 3
IR FE 1200~1000 em™ BRI, HY B0 5 0k g
B4, 1150 om™ BT 2 R IRHH (4 NP PR ShARAIE
I3 HDB-1 £L 4R Y6 % AE 1150 em™ F1 1030 cm™
AbAT PR HEAE R, Rtk HDB-1 A R IRGHE, ZE4T
AL AT (IR) 1, 7 844+8 em ™! 4b K o-BE T Hl K
FRIEONIEE, 76 89147 cm™' 2y B-BH T EE I RN M2 A
1529 HDB-1 #E 839 cm ' AT W%, RIS o-FF
HHEAEAE ., HEI HDB-1 J2 LA a-BRIpBE o A0 288

sNER BER BRI A& Z2 8% (SHDB-1) I 414 MG
WE 3B s, AHXTT/NEREEIE N 285 HDB-1 94T
SN Sk, 7 SHDB-1 A9 1250 Fil 845 cm ™' 4b H
BT I S, T RS F TAEREER I S=0 i)
Je C-O-S MR AR sh 5| B i 1), 156 BH /N R i 22 1
SHDB-1 SRk i .
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Fig.3 FT-IR spectrum of HDB-1 and SHDB-1
#: A: HDB-1; B: SHDB-1,

2.5 HDB-1 X SHDB-1 #iE &M SR

2.5.1 DPPH H 375 KRHE DPPH & —Fh 45 fa
rkRsE A AT, 0T LS A R AR R IS N, 3
MRS SRR B fa, 1 i STE R S, R R BT
SEARTE PERRER RS B & 4 AT W, HDB-1 U KI5 ER
FR K 63.3%+0.92%, 1C5,~29.28 mg/mL; SHDB-1 %
T B RN 81.53%+0.71%, 1C5,=14.49 mg/mL, {H
TERBE IR ZLINT Vo T RS HDB-1, £
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SRS S % SHDB-1 % DPPH [ H 3L 1975 1%:
HE 7178 Ard =, XX Ul BH A T AR R A 6 ik B 22 HE T
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wor _ . . 00 . 00 s = 3
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Fig.4 DPPH radical scavenging rate before and after
modification

2,52 FRHAMIERREES  EEH REEREET AN

HE AR 53120, 15 A M S5 A D RE 45

P, RIS | BUEE, A A A= 950, 72 H

FERY I B PTAALRE STy — I E 245450

&l 5 AT, HDB-1 f KIE BR 38350 58.89%+0.78%,
1C5,=36.75 mg/mL, SHDB-1 sz KIFFRFH 68.65%*
1.05%, I1C5,=28.59 mg/mL, 7E ¥ B U ETLBIN, 2
FI F AT BREE 1 BE G U BE RO i, (S BRAE
TIRLNT Ve, o AHES T AR SR HDB-1, £25d
MR LB )5 1) SHDB-1 7655 [ A& BRee 1 &R
A b, XU PEA TR R A M 5 22000 E
FETH RS B WA sE e R

00 .o e L

80

FRR (%)

60
Hr

m40.
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Fig.5 Hydroxyl radical scavenging rate before and after
modification

2.6 ZHRESMIRALE

& 6 Y, 7ETRCE AR BEZH ) R (0.1, 0.2,
0.5. 1.0 mg/mL), /NER#EZHE(HDB- 1) AR {1
Z W (SHDB-1) % Vero 4 i ¥ Jo 55 M, H R %
Vero 40 it A 12 BE7E T, HDB-1 8942 PEAE FH AR X 4%
L ABRCRI AR B3 (P>0.05) . Y4 20 BEAR X4 w2
(2.5, 10.0 mg/mL) A}, X} Vero difffi L KO 24F T4
KFEMW, 7E 10.0 mg/mL B} Xf Vero 40 A7 3 2
ZAIT 50%-

20234 4 A
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Fig.6 Toxic effects of HDB-1 and SHDB-1 on Vero cells

2.7 IBNETEM

AR gE R (K] 7)3%H, HDB-1 A SHDB-1
TE 1 mg/mL ¥RJEF, XS ICEEEE R, i E — A
e RE AL ) o PR IR TE TS SR 43 A nT 45, HDB-1 |
ICo (231 i1 < B2 ) A 960.16 pg/mL, SHDB-1 |9
ICs, fH 4 658.19 pg/mL, AJ %1 SHDB-1 il £y 2148
4 Hela IGFHACRET HDB-1,

100
HDB-1
80 L EaSHDB-1
.
oot
E 40p
20 - -
0 , 5, PEIS
{is7i3E s TP E VR
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Fig.7 Inhibitory effects of HDB-1 and SHDB-1 on
Hela cells in vitro
3 g

JINER L N 220 25 DEAE-52 2T 4E 25 B 85 732
Wiy aife A 8 S alifb 202 55 . T — 5 Lhi-
NI X /INBR 8 i P9 Z2 4l Ak 2H 53 HDB-1 #E4 7 4%
BRI TS SHDB-1, 214N Gig e i R iR (s i
). BRI 1.046,

%} SHDB-1 #l HDB-1 JLEALIG RIS, 45
220, HDB-1 1 SHDB-1 & BAT — & P ek is
P, HEZPamiivisimahraE i e it m . 4
A0S S A0 M 4 A RS R B, AR E T,
SHDB-1 f HDB-1 #RA5 BH b (%) 3100 il 40 it 14 5 35 5%,

iR AL i 22 SHDB-1 76 —=Fiife BT a5
AN MG A S = T/ NBR P 2 HDB-1 .

A 56 X /N BR i 22 B A T AR R AR A A, UIE
B/ INBR s 2B IR L1 32k A % BT | A T R AN i)
B SR AN I AT E EE AR . AR S iE—25 0
5/ NER i MRD TR AT PR R 25 10528, SR ARTT
A2 AT A PG B
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