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R A 4 A SR JIiE 22 8 (PP, Mw=792 ku) $£ 5L H
Az 7 R A E Sk b e A I KUY SR % A R
POS1(500 u < POSI < 3 ku) #l POS2(3 ku< POS2 <
5 ku) R H Hy0,-Cu A & il £17,

R BERR i, 32 Sigma 2 F] K, £ E CIL
2y ] s DMEM ¥4k, 35 Gibeo 24\ ;MCF-7 4
ML Z i E R 2= B FLe il 3 S A B Al 1 2 4
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Waters 2659 = 80 AH 35 1% (Waters2414 7~
2RI 2% , Waters PDAU1966 #:2%), & E Wa-
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MS105DU i F K, %+ METTLER TOLEDO 72y
F] 31510 2P K B AR Nicolet5700 £ 4N ETEAL,
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1.3.1 A 9 4 L e 22 Wl B JFL IR fie ™ 400 ot TR T £
1.3.1.1 =Rt iE-DMSO 7k R AL FR
I 200 mg PP POS1.POS2 4% 3 fy, 43 %A A 20
mL DMSO #A7# MK, B8+ 12 h JE A =4
B E SR (2g SO, MIEE SWIET 4 mL
DMSO), F 80 CF I 3 h, £f [ B i ¥4 21 J i Jn
100 mL 7KK, 2l K@ 72 h (5 4 h B #k—IK
K, TR E SRR T, TP lich
PP-D .POS1-D & POS2-D I & F T aeh & H .
1.3.1.2  TBA- =4k Nk i€ -DMSO {4 5 i 2 I
1k FREL PP POSI POS2 4% 3 3, # HiEx T4l
K SE ARG TSR AR . ) TBA T E 2
pH fHTE 6.0~6.5 Z[HJ5 , & VR T8, #1535 K TBA
i,

FREL 200 mg F i TBA 5 3 0, 43510 A 10
mL DMSO #A7# MK, #E8+HE 12 h A =4
EFMEE E A YIRIR (2g SO, IEE AWET 4
ml. DMSO), T % & F &N 3 h, 7 &N 5 % in A

100 mL 7KK, 2l KiENT 72 h (5 4 h BE#—K
K, KRR AR IR T, W ilhie
PP-T POS1-T } POS2-T Jf- & F T as b & .
1.3.2 R 47 59 A SR I Ak I T B R JC I i 7™ 0 o
R4 K4 3 A
1321 £L4MGi% s #r (FTIR) 23 %1 0.5 mg
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POS2-D ., J POS2-T T#E#F 45 KBr Lk 1:100 1
FefliR 2], 28 5 e L B, #L ] Nicolet 5700 £1.4h
I EIE 4 WA A 450~4 500 em™
1.3.22 4 F & Hr (HPSEC) 207l FREC 1,3,
5,12,50,80,150,270,410 ku 43 7 J & A 75 58 B
P SOFE i 2 mg, A3l T 1 ml E Ak
0.45 pm KB, HPSEC &l 4% 14 . Waters 2695 5
BB AN TEAL BN 0.2 mol/L. NaCl ¥ 3 , i i
0.5 mL/min, #f# & 20 wL;Waters Ultrahydrogel
250 J Waters Ultrahydrogel 500, +F i 40 C; Wa-
ters 2414 7~ Z K0S ,40 °C,
1.3.2.3  HBEAL RS BT O AR v EAOE CH SR 0
BRLZE B A 2 R | L TR R R OB L L
W ARBE BTRLARRE A BRE ) TR G I (& R
WP R 2 mmol/L) . HU LR IR A T 400 pL T35
DT, A 0.3 mol/L. NaOH % ¥ 450 wL,0.5
mol/L. PMP (F [i)450 wL, 827, BT 70 C/K B
R 30 min J5, BUHIFR AT RER, A 0.3
mol/L. HC1 450 pL i, B0 KU0HE, k= 1
mL, ATA 1 mL S5 #4725 0, 5800 52 3% L& 0 JF
WA KA, A 3 IR, 3t 0.45 pm K& H .

43 %) B PP PP -D PP T .POS1.POSI -D
POS1-T . POS2 .POS2-D, & POS2-T(2 mg) % T 1
mL 455K A 1 mL 4 mol/L. TFA | & T H. 2
WA H JAET, 110 CoKAR 8 h, A EIE T, I
A 200 L BB — 3 K3 (70 C) THIR , — A
ST (BE B0 ), E 3 IR T,

2% Zhang FFEJ7 ik JFAEE SR, Wsh
A M RFLE 15% £ +0.05 mol/L, pH=6.8
1) B TR 6 28 ol W . B OAH . IR FRAR 8K 40% 2B +
0.05 mol/L. pH=6.8 1) ik +h 2% th i W . (i
C18 43 B (4.6 mmx250 mm, 5 pm) ; 58 FMRG I %
K 250 nm; FEREAR TR .10 wl; A3 .25 °C; Wi 1.0
mL/min; B8] 86 B .0-10-30 min; & B .0
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ZAF FHEAT 'H NMR %€
1.3.3  AHAT 28 A SR 52 i 2 il A% e % e ™ 00 ok TR
i 7 e g 3% e )
1.3.3.1 MCF-7 4ijfas5 5% DL PP .PP-D PP-T,
POS1 .POS1-D POS1-T.POS2 .POS2-D } POS2—
T M AFFEXT S, 45T H X MCF=7 By 40 i A= 4 3%
PERIIHIE A BAR D7 S ] Wa 2 5 I
PE— e FE R & B, M—80 CUKAR h i i Sk e A
MCF-7 M RAFE 5 MRS & T 37 CKE
iy T VAR R AR S ARl TERLS TAE S N,
HCHE 20 MR V7 MO A B D T, AL 2T A 10 £
i #2W (DMEM K5 329, & A 10% 6 4 1L i .50 U/
mL £ VEAR 50 pe/mL 5555 F UL & 100 we/mL K
KER),IRA¥HAJE 1000 r/min B0 5 min, 34
VBRI ELE NI 10 mL B3R, IR A G
) S0 240 LA A K A R R 2 5% 10% cell/mL, 5
MR T TGS, BRI A 37 C
5% CO, Ki RN KT IR, B 24 h B — KGRI
FFAEAR— K AGAR 3 W FTF MTT 305,
1.3.3.2  MTT A0 MCF-7 {4

1) Bl Ok T X8R K A MCF-7
A, 1 000 r/min &0 10 min, & A 10% 6 4 1ML
T8 1 1% 3% 0RE 48 R v B R i 1x10° cell/mL Ji , B
100 pL. (1x10*)MCF-7 4i ffg 32 F 96 LK% 7= e
i, SRJE 4 A PP PP-D PP-T POS1 POSI1-
D .POS1-T .POS2 .POS2-D % POS2-T DL KA &k
b R IR A 100 L, e RS EE 2 % BN 50,
125,250,500 pg/mL, #:fL 5 P47 4L, AELLA
S MCF-7 40 e 2, Hm A 10% i 48 1 i 200
wl, &L 5 1~ F474L

2) WA R Al IRIR S R E T 37
C.5% CO, &M TH:F% 96 h;

3) 2 HBELANIA 5 mg/mL i MTT B B2 2%
P 20 WL

4) KRR FEAM T YRS IR 4 h &

1EH53% 1000 v/min & 0> 5 min, K5 7725 96 fLE:
FEMFL N 5 SR, 43 30 150 wl. DMSO F &R fL
W, 10 min, FEA- R BRSS9
5) W%E OD fH bR ORI % K 570 nm b
AIWOCAR o e BT T2 258 At L A 7 o o %2
20 1 A A 2R (% ) = (1-10 55 FL. OD sy, % IR
FL ODs) %100
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53k 0P |

200 RBRGRRRER LI AR A S i SR
Ji2 % fift 7 00 1) B R B Ak 2 B (PP .PP-D .PP-T,
POS1 .POS1-D . POS1-T POS2 .POS2-D #il POS2-
T)ZAMGIE NI 1a~c Fias , BRERESILET )5 A9 SR
i 22 Wl I FL S ELAT R H2 i i RIS L IR
3 JE FIIE 5 |3 750~3 050 em™ (O—H) Al 2 927 em™
(C—H) Kb B8 Ji S Ji 22 W R A0 Rz WAC D) 56 BH A ¢
Wi TR i Ak 75 JF R & I B 1 i A SR 254 Rl st 7
827 em™ 1 1 242 em™ FfFIT H B i I YR U4 | 3 43 51)
JE C—0-S M X FR4i 20 W W5 e A1 S=0 1 I X Bk i
45 4% B WAL 06 22230 e B R Ok - B TR TR L TR
MG O 2258 B, eAh, AT LUK 800~850 cm™ ()
DX 33l A A D00 7 £ s I e R R BB, — i
M5 ,850,830,810 cm™ Bf T 43 51l J2 i R J& 78 C—
3.C-2.C-6 i ZAETHA, ZaARKLIL Ik
GEARRM, LR RE S 0B R R Ak BN 32 R A
C-2 7, Zi b, >R TBA F1 DMSO & & 2 Fh ik
A7 S LT ARG 0 A R Jie B G SR %)t R TR AL
212 S F i KRB R HPSEC % Al
HPLC-PMP 7% 43 510 € T B B2 R AL 1 L5, A A7 22
KRR ZHE PP K H 4 POST (500 u < POSI <
3 ku) .POS2(3 ku< POS2 < 5 ku) i 43 ¥ it & il ¥
WAL, 2503 1 s, 43 F i e 45 2R 3%
W, S5ERERLRTAH L, BRAERER k)5 PP POSI .
POS2 19 T i i 34 &k A T AR R B A RAI , 15d BH
SRR BN X R 7 A T — o AR R Y B A
SRELAS T B2, % T A S 0% POST . POS2 T
T, BERERL)E o> T R I A R R 2
PP —FE YR ZU T B3, AT RE A Hh 8 0 B 152 5 A1 34
T SRR Sy BT, T TBA 6 R AR i
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Fig.1 FTIR spectra of the pectic polysaccharide before and after sulfate esterification
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th L R TR A 1 SRS 22 AR 0 B R AP AR R0 A B L 451
S NREER, AR, AT R IR 20 PP 7R
PR WAL T | J5 0 B 2H B Le B O VA K AR I 2 b

RCAR AR e LB T R B AP ) B R
s 5 XF T POS1 Al POS2, f BRER L 1T ) , B
WL B o B A AR AL, (B2 A L B A —
)22 Sk . Horpo, i g X e POST Y gk 7=
POS1-D . POS1 -T % ¥ ,TBA ¥ il & A9 &% B2 fig
(POSI-T) ", RZEWEY) T i 2 045 31 1 AR 142
&, T RE R R e 45 POS1-D Ayt v, g
G > L AR 2 W 5 AP AE— E R TE LA
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Table 1 Monosaccharide composition and molecular weight of pectin polysaccharide PP and

its degradation products POS1 and POS2 before and after sulfation

SPopE L R T8 E b

5 Mwlu
Man Rha GluA GalA Glu Gal Ara Fue
pp 0.11 11.49 0.18 24.3 0.23 18.4 42.20 2.3 792 000
PP-D 0.69 11.88 0.84 2291 0.66 18.56 40.31 2.85 224 000
PP-T 0.93 11.08 0.42 21.52 0.93 19.16 38.05 2.75 281 000
POS1 5.31 5.82 0.5 43.15 11.08 12.92 19.93 0.24 1 800
POS1-D 1.69 6.56 0.56 40.68 33.75 7.23 8.02 1.32 1300
POS1-T 7.56 26.73 3.25 30.81 21.85 3.82 0.80 5.16 1700
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(&% 1)
, S WE R A R B B
P Mw/u
Man Rha GluA GalA Glu Gal Ara Fuce
POS2 1.84 7.90 2.34 17.04 15.58 20.1 33.21 0.41 3800
POS2-D 1.44 5.02 0.48 9.11 20.67 33.94 30.33 0.02 1 600
POS2-T 1.52 9.65 0.83 10.96 10.5 24.43 30.56 8.56 1 800

7 Man. H & B ;Rha. BUZEHE; GluA. 5% BERE AR ; GalA. P FUHFEE IR ; Glu. FH W ; Gal. EFUHE; Ara. FTRHAAKE ; Fuc. F 85T,

2.1.3  BRRER LIS A LR B 1S B R
BEAE AT e, BB POST K POS2 % '"H NMR % &
WE 2a~c Fis ,4.8~4.5 JE MR 5 M -S4 1A C1
i FAE S ARG R FR AL UG, #4140 19 '"H NMR
W& 4.8~4.5 A G S A R A BT B
(IR ERBR AL =1, R 3 BhRE S 28 5 B R T AL LA
IEMIETR(EE .5 SR EREA TR 7R A 25 25 e LA )
PLACTHE & A2 T W BR IR AL 5 T Ara—H2 A2 i # 8=
4.21 1083 60 3% 2 6=4.48 [F] I} 45 4 414061

AT E R U IIE BT RO Y C2 ALKk A T R
B, eAh MR R ) B P R GalA HoT
FEAE 2, 3-O-Tigimm g, & 2 g ik
fEJ5 i) PP POS1 K POS2 ) GalA-H4 fb 2417 %
BIARRI R B W K 6%, s — D EW] T s R ik
Pt & A TR HG F4% , %F T PP POS1 Al
POS2 , B B iR A6 I Ak 0 B AEAE SR 1 A8 4k, —
SO SE S IH R B ES , v RE R R A A R TR
R I AR PP POST K POS2 & A T KRR

POSLD AraHl AraHl

56555453 5251504948 47 4645 4443 42 4140 3938 373635 3433 3231 1312 11 10 09 08 07 06
3
() R S FL i R B AL )™ )
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GalA B4
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B2 REWBECN. G- SEHERSEE
Fig.2 'H NMR spectra of pectins before and after sulfate esterification
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I T A, X AR AR 5k & A
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Wik iff | 5 i 1 T 22 9 BT R A R 4% . 5 DMSO 12 4]
2 BB IR TS AL AR S A W) TBA 125 4 53k A0 5 AR
X B — ] B RN 7 (4 A5 A AR R R U
2O X B —1221
2.2 R .POS1.POS2 & H & B g 7= ¥ B Hi b
B A

HIAAR OGO ST R W, A 22 W SO R 7= )
A BP0 R A Tk O i K
SR BT bR 24 W ) LT B, Herp MTT L ik A
LR | a7 BRG Ye /NG 5T 52 B AT EE AR,
i K’ 3 frf 2~ ,PP.PP-D PP -T.POS1 . POSI -D.
POS1-T ,POS2 ,POS2-D & POS2-T ¥ REXT {4 7 K%
IR MCF=7 FiivJea 4 A 0% 4 33 7 26 B0 Hh — 2 i 4
VR, B TR FE B & T v B ) T
PUME TE MR 2 R, R R 9 Bl A
MCF-7 358 A FH 22 70) ek A0 M | 5 40 DG B 90 25 2
— B X T PP, PR R A BB RR R 7
UM PEJLT- 022 5 SR T POS1 Al POS2
M5, SRR BRI T g is 38 2 T — o
JE 3 ELAH T 5, TBA A 28 il £ 0 i 1% g
PrLt DMSO il 8 BB IR 1 7~ ) ROR b o 38 ae LAl
RIS R, MW E N 50 pe/mL B, 5
BFJ 1 X6 B 2H AR L, PP X% MCF—7 40 i i 4 41 38 5
Pl B 2R (P <0.05),PP-D PP-T,
POS1 .POS1-D POS1-T ,POS2 .POS2-D } POS2—
T A AV FH S 2 R0 i o 3 25 5% (P < 0.01)
M R 9 Fh Y BT Y it FE A 500 we/mL BB
IIXF MCF=7 40 B ) A 21 A K i R A8 35 21 T i
&, A POST-T WY& e ft:, 2 30.25% ., iF—4
¢ W R AR 4 A SR i 28 1 HL,0,-Cu R R R it )i, e
A A1 B B R 6 P A L R A 7 ) POST K
POS2 # AT B FRBR 1L 5 , AR ST ik g 1% 1 3k — 20
KA

3 #Hit
PIAH A 4 A S e PP K H: H,0,—Cu® R i 1) 55

80 - | NEN 50 pgmL
I 125 pgnl
70 - | HEE 250 pg/mL
[ 500 pg/mL

AR R
Growth inhabition rate/%

PP PP-D PP-T POSI POSI-D POSI-T POS2 POS2-D POS2-T 5-FU
S}
TR
Sample name

ok p <0.05;%% p <0.01 (525 FIXFIAMLL) .,
3 RK.POS1.POS2 X HFiE&EL =4
¥ MCF-7 &) $1 B g i& 1%
Fig.3  Anti—proliferation effects of native pectic
polysaccharide, POS1, POS2 and their sulfated
products on MCF-7 cells

B POS1 1 POS2 AHF5E X4, >k I DMSO #1 TBA
PIRNAR R B2l b X AT B PR R AL, WF5E T AR
Fie Ak J5 7= W 4l AR R A i L 0 o R I
FIBELL Ko BT 26 B, W Al IR R B IR R L) | SR
JBE 22l RN SERE ) 4 F I B S R 3, HARAE
— MR RROT IV . 45 "H-NMR $4% ,POS1 1Y
U Sk UM POS2 [ BT Rz AR A Sk BUAR 51
AR O RE 3, IF H 45 404 19 2 FUBE S R 19 H4
WK R ol , Ul WA 2 0 B SEwE A S 4 R )
FES R T WRBR TR AL o U8 T k45 SR SR Y A
PR FNE 238 H,0,-CoP K R Bt I, HAR S B i
A TGP 5 H B A# 7W) POST e POS2 2833t it iR
BRfb ), LRSI 16 ek — 2D s, o
POSI-T MR R At , J 30.25% , 3% WA Bt R 1k 1k ]
A4 v SR A e e v e
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Effects of Sulfation of Pectin Polysaccharides and Its Degraution Products
from Citrus Segment Membrane on Antitumor Activity
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Abstract Pectin is a polysaccharide that widely exists in plant cell walls and has a variety of physiologically active
functions. Various studies have confirmed that modification of polysaccharide can improve its biological activity. Therefore,
in this study, the citrus segment membrane pectin (PP) and its degraded oligosaccharides (POS1 and POS2) recovered
from the citrus canning waste water were carried out sulfate esterification in order to increase their activity. Molecular
weight and monosaccharide composition analysis showed that after sulfating by TBA and DMSO systems, the molecular
weight of sulfated pectin polysaccharides and oligosaccharides were decreased, and the content of arabinose and galactose
reduced significantly. FTIR and NMR results shown that the H4 of each component of galacturonic acid showed a low—
field shift after sulfation. And the anomer hydrogen signals of galactose and arabinose from POS1 and POS2 shifted to
the low field, respectively. Which indicating that the main chain and the side chain were sulfated. The in vitro results
showed that the anti—tumor activity of sulfated POS1 and POS2 was further enhanced. Among them, POSI-T has the
best effect, with an inhibition rate of 30.25%. In summary, the results of the study indicated that sulfation could in-
crease the antitumor effect of pectin polysaccharide and its oligosaccharides.
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