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Analyses on properties for physicochemistry, morphology, and structure
of Saposhnikovia divaricata polysaccharides
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Abstract: Objective To extract Saposhnikovia divaricata polysaccharides (SPS) and to analyze the characteristics of their
physicochemistry and structures. Methods Two main polysaccharides, SPSO and SPS1, were obtained by DEAE-52 and Sephadex
G-200 column chromatography; UV spectrophotometer, heat stability test, IR spectrometry, Congo-red test, environmental scanning
electron microscope (ESEM), and atomic force microscope (AFM) were used to determine the physicochemical, morphological, and
structural properties of polysaccharides. Results The uronic acid contents of SPS0 and SPS1 were 12.07% and 0.95%, respectively.
IR spectrometry showed SPSO0 had a specific absorption peak of -COOH. Congo-red test indicated that only SPSO0 had a triple helix
conformation. ESEM and AFM showed that SPSO was neat and orderly, with a hyper branched structure, but irregular figure and fewer
branches were observed in SPS1. Conclusion SPSO is an acidic and hyper branched polysaccharide, while SPS1 is a homogeneous
polysaccharide including B-D-pyranose sugar residues with better heat stability.
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2.1 BEXZ HERIEEEN
2.1.1 R R XCT 50 CHRE T 12h 5
e, 1 60 HIR, HZHENELL 16 A 95%I1M &
BEAE 80 C FIRIGMiE 2 ¥k, &k 2h, EoHL L
THIR, 2 AR T H
2.1.2 B RHHZ RS FREUBIE S B X 100
g, fE60 CTF4% 1 : 30 [LLBIn/KEEAS, AR
80 kHz. HLLJZ 220 W, TAEI[H] 55, [HJES ] 3 s,
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JEHAT 50 °C ek 28 R Mai 2 s AR AR 1) 1/5 J5, I
AN 3 RN 95% OBEHERFDT 12 h, BOURDT
TE NG AR KA, TKIENT 48 h LABR 22/ T
ZJ5, BTG B OISR AT, 1521
KA Z M (SPS), ZIRERERILAS I, 2 B 15
HHy 4.68% . 55 A S 3 2 T IR S 45 SR He s,
HARPRICR G, (HAEEIZ M 1 000 W £ 220
W, WA TRERE, EART A SRR
WEE NS, HAEEMTES S, A€M
S
2.1.3 FiIXAEZHER > Ealifh FRE 03 g SPS ¥ T 10
mL 717K, B0 )5 B3 DEAE-52 ik (80
emX2.5cm) 438, HKIKH 1000 mL ZE1H7K. 0.05,
0.1, 0.2 mol/L 1] NaCl %t S ficsE 10 mL,
FIFRBRIRIINOCRE (4D {H, Pk,
FREXZ DEAE-52 44 % 4% (0 i 444 21 (1) 241 oy
0.03 g, %1 5 mL Z&1R/KT, B0 54 Sephadex G-

200 FEfEE, ZRMKVEIR AR WCAE 3 mL, 2K -
TRV A EEIER—d15y, BT, BT
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214 ZPEAEYE AR 7R 2 R
SRR REAN TR, T AS 7] ) 22 0 LU e B AN
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K BT kT, e 2 R v R A K S T
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AN E e
22 B E AR R
220 ROBEEE R - R ERVE I e
B B> H, 2 HIEL 0.204 0.40. 0.80. 1.20. 1.60.
2.00 mL HiAGPEFRAE T 25 mL AT, InZEnE
KA 2 mL, SEJEHN 1 mL 6%l 5 mL WKL,
R4, HHE 30 min J5, PLZER/KAEZSE, 7 490 nm
SO A AE, DA RIS IR ARKR, A
AR, ZeIRRUEINZE . 22 BRI e R L v
A, AR ARUE b e TH B R S
222 EAEERNE % DiE G250 K E
WA FESEL 2 5E 0. 0.40. 0.80. 1.20. 1.60.
2.00 mL JJREKE K 1.0 mg/mL 4~ I3 8 R
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AR M2k o 22 R il s 42 Bk A, AR
P bt i 2 H S EE iR o
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BT R T e 2 4, 0 VUSRI B 0014 0.02,
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T 25 mL (R ZERE R, VKR NI BRI
5mL, 0.1%MMAW 0.2 mL, 78404, WK 4
8 30 min, #1426 'C, 7 530 nm AL
o DIVHRERR IR FE A RAA R, A [ AR,
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W, DAZEIRAKCH XTI, 7E 400~190 nm BT 433
K4
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IRI-BR BRI B Trpli i, BB M B AR e
2.3 BN % HERI ST
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BLE IR T B35 5], 28 e LS 133 W
E 4 000~400 cm ' BEATLLAM G4
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BLA A 2 mg/mL ¥ 2L 5L SPSO Al
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3.0, 4.0. 5.0 mol/L /) NaOH ¥, H{2 mL LS
PO 2 mL WISRLT%0 . 1 mL NaOH ¥, 120,
FIL R EFE 15 min, T 600~400 nm BE TG,
TSN R AEAN RIS NaOH W3 e K ik
Koo LLAENISRZIH NaOH ¥R S 1E NS IR .

2.4 BAXZ HERIRSRAFE

241 FHRBINERT S RO D B R
KiTFEdh G, Wia)a, 7ominifial M grE ik
T B3 -

242 JETHEME (AFM) M% AFM 200
2RO S B T T2 —, ATEGR RUEE
FEl A WL 52 211877 R 2 B ) 3 SC 4k, oh 20 SR A0%
FURFE R SR U A EDU AR

W 22 BAE T C R 100 pg/mL VW, WG9t
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(R, AREERE I PERE 24 b, TR AS WG 20 5
IS pL WERTREL =~ BRI, TR E T AFM
EWsg, WG IILE Tapping izl R34, WEN
50%~60%, REFA SiNg, AR K 200 pm, Jy5H
PEH % 0.12 N/mP,

3 BR5HH
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SPS 4 DEAE-52 £f 4 # AE (1l 7518 7K,  0.05.
0.1 0.2 mol/L [ NaCl Yt j5 7321 4 PMUelils, %
BB BT ELA 0 5 49.1% 36.9%. 7.7%- 6.3%,
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DRI S e R 3K 9 5 20— 2D Alidk
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3.2 BB HERYIRILIER 4T
32,1 SBEAGRE . BERERRIN C S E SR SPSO
I SPST RS0 H 1 AP IR T ALK 1,
Frha] LA H SPST IR SbE it 4> 20 T SPSO,
IR (T A B, SPSO [P R T 2 40 4L
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3.2.2 B R fRIE JoE S HT SPSO Fil SPS1

B E, SPSO 2EH AR, SPS1 £AFZUIK, SPSO

5 SPS1 MHLLEE G T/K, WEYMRE T L. A
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Table 1 Content of total sugar, protein, and uronic acids

EZ Iy EaT P /% EAR /% PSR / %
SPS0 86.61 0.214 12.07
SPS1 97.43 0.407 0.95
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{HFEARAS I SPSO B, 15t SPS1 % SPSO 17 4% 5i%
(1IN FAPE

T T 1
190 300 400
A/nm

1 SPS ZIMLIEE
Fig. 1 UV spectrogram of SPS
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Table 2 Thermal stability of SPS

JRETHC ) %

EZ IR
40°C 60 °C 80 C 100 C
SPS0 97.68 90.62 79.17 64.28
SPS1 96.52 89.83 85.75 84.41

3.3 BN ZHERIGEHSE DR

330 ZAMGIEHT AZAMGIE (K 2) HareL
Fi, SPSO (a) 7F 3 418.44 cm ' Abui H. 58 FrIW I
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Fig. 2 FT-IR spectrogram of SPS
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I COH) ARSI SN, 880.67 cm™' ALIKIEE
TEWR WU 52 B-D->F- LIk I H sl B-D-H B nL i bl
(1) C-H MR MR T o IR, RIZZWH S 5A
B-D-MLME IR, 73 LA B-KH R

332 PiRZHEMM ST WK 3 WTLUEH,
SPSO S5WIRLLR LG 1E M, 7 NaOH WK JE 0~0.6
mol/L PRI A 5 KR A R RFAE AR 4k, 2 NaOH
WREA 0.7 mol/L J&, dpe KIS T B, X R
—EBRAIREEVE N, SPSO 24T I = i g, {H
TEMIRAE T, = IRIB ek, AReSNIRLIE L
&P, BEA NaOH WK, SPS1 KBk
W SC e KA RN, (RS WIERZCAH LG, i EaHaz
18, AR = IS e 2548 5 MR 2048 5 5 P 3k
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515 - —s— SPSO+RI 141 +NaOH
510 1 —a— SPS1+HIIR£L+NaOH
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485 | e e S
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Fig.3 Maximum absorption wavelength
of Congo-red compound
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B SPSO ([ 4-al) WKL AN T4, 5t
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BROR A GANIE R R RER 451 o 6] 4-b1 ] WL, SPSI
PR TH SPSO A, SEIUH AN £F 4 2200k 5
WRLAR I HERR, JBOKRH) 2 500 /%55 (9 4-b2) 1%
PSR, R TE R EA . FRHRE B Z
Bl OK RO 1) RO SRR S 1 T B 15 6
TR REfE s HAUK R RHE, k09T
3.4.2 PiIREZHEN AFM M4 HEIRE A
100 pg/mL (1) 2 B ISR 2 BE W52 210 55 2
FRELTCHR IR, A fit 17 AT b 00 5% 1) 22 B R SOM T 50
IXTTRE A BT 22 B R R KB AN 1 5940
Ji5, 2 RRIAE IR g A VER SN, Bk
AT TR, KPR 50 pg/mL J5, W]
DYIEE LR NAIRTR

P 5 1 a Fl b 4354 SPSO. SPS1 7 iUk &
50 pug/mL 1) AFM YL ], $14855E Fil 75 3.00 pm X 3.00
um, FHHral, bl & THEG, a2, b2 & 4K
M 5-al 7] LA H SPSO S KARIRTER, 4024k
Mo AN, e S EAE 045~1.78 nm, %
FEAE 37~94 nm, 565 0] RS T HRE RN 58 550w,
Bt ARHEH T MK 5-b1 ATLLA H SPST [HAf
RERRIEA, B EN. SBma, Hnkks
FELE 0.57~1.67 nm, %A 47~112nm K.

Fig. 4 ESEM images of SPS
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KA AT A2 Wl 42 DEAE-52 73 340
A5 3 K AT 0.05 mol/L NaOH ¥E4H 7y, it
SephadexG-200 Bt/ AT 414 )5, 53] SPSO F1 SPS1.

W57 W] SPSO A1 SPS1 M) —Z ¥, SPSO %
SPS1 B 5 ¥ 1K, PHMEEREL; SPSO,
MERR N 12.07%, AR 20 s 76 =il 414 1, SPS1
Et SPSO F2E

LLAMGIE TR B SPSO &4 -COOH, &l
AT IR IREZ B, SPS1 W& AT B-D-MH R 4]
PR . WL 5206 R W SPSO £E /K B —
JREMEHESE R, T SPS1 AN FLAT = B2 e 4544

TEWCK REETERIN, ESEM MLINZ5 5248 SPSO
MRITESRAN TR, EGPREEEIN, AFM W
Mgh R0 SPSO AKHRIRZ 7 sc gty [RI3, 7Efg
KRPEVEFE N, ESEM M2 SR W] SPST 1R T4
SPSO ki, 7EIK LGN, AFM WLlZ5 SR L]
SPS1 BEKARINIER, BADEINSCEH . kR
REBE I BAHOESURIE SIS, A B A R 45 1)
AR T EARIE R, BAEERAEDEE .
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