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Isolation, purification and structure analysis of polysaccharide

from lance asiabell root
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Abstract: Objective: The structure of CLPS1 (polysaccharide
fraction 1 of Codonopsis lanceolata) was determined to provide a
basis for the study of polysaccharide activity of C. lanceolata and
the development of natural plant polysaccharides. Methods: After
extraction, separation, and purification, the separation
component CLPS1 was determined by gas chromatography.,
periodate

infrared spectroscopy, nuclear magnetic resonance,

oxidation, Smith degradation, and methylation analysis to

determine the structure of CLPSI. Results; The specific rotation
of CLPSI1 is + 44°, the content of the total polysaccharide is
97.6% , the uronic acid of CLPS1 is 13.18% , and the molecular
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weight of CLPSI1 is 91.7. The monosaccharide component of
CLPSI contains Ara. Gal. Glc, GalA, The molar ratio is 2.7 :
3.4 2.3 % 1.1 % 0.5. Chemical composition and structure of
polysaccharide CLPS1 was studied by infrared spectrum, NMR,
partial hydrolysis with acid degradation, Smith, methylation and
GC-MS. The results showed that monosaccharide compositions of
CLPS1 contained GluA and pyranose, while pyranose included
both a-pyranoside and g-pyranoside in structure. The backbone
was composed of Ara and Gal, the brancd with Gal and the
terminal residues of backbone with Glu. Branch point of Gal
residues is linked by Gle (1—-4,6); Gal (1—-3,6); Gal contains
1-,1-3,1-4,1->6,1—->3,6; Gal contains 1>, 1—3, 1>4,
1-6, 1—-3, 6; Glc contains 1—->,1—>4,1—->4,6; Ara contains 1—
5; Galacturonic acid 1—3. Conclusion: CLPSI is a complex acidic
polysaccharide. The structure analysis of C. [lanceolata
polysaccharides is the basis for studying the structure-activity
relationship of C. lanceolata polysaccharides, which is of great
significance for understanding the biological activity and
mechanism of C. lanceolata polysaccharides.

Keywords: lance asiabell root; polysaccharide; water extraction

and alcohol precipition; column chromatography; structural

characteristics

-4 % (Codono psis lanceolata Benth. et. Hook. )
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.2 g/kg it 58 S M 200/ A A S180 1) il
g 54%6007,
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1. SephadexS-300 # R EH E LT G RIT %S %
WE2H 53 B 0 B0 AL 07 WL 25 5 0 4 BT 48 R e 58 S
ZHREERRRAE, L it — SR R S 2R S
T8 PE 9 26 R SR AR HE .

1 MRSk
1.1 ##

A 2 M K D X AR 0 S A S

LCEBTHAARE L () SR D (B A H.D(+)
LFWE D () AKRHE.D () H BB L 4l % E Sigma
AT
1.2 Us5i&E

SMETEAL . GC-14C B, H A 5 8 A #)

T BB 8 %4 LC-10A #Y, H A Shimadzu 24 7]

How IR KB HH-2 B, VD95 4 4 35 T B X 2%
A RAT

W% ke fn E-52 B, BB EST A

BB DML LG10-2.4A B, b 5T EE B AL .
1.3 Ak
1.3.1 #5224

(1) M2 PRI 0 38 2 Z PR U 8 1)
147 W75 BF ] 15 min, £F 4k 3 i % i 5 45 °C il
i 0.700 AR pH A 4.50 U R R A 4 i
ToK ZREGLUE 12 VR TR AR A 5 S ML 20

(2) ¥t 2 2 ARaifl s S 2 Ea Tk T
ik 58 M 0 P A B €5, A I B 1 B T A JS TS T Sevag 15 Ak
P4 K DEAE-S2 LM £ R B FHEZ AR 3 M EEA
BnkaE 5 Z R4 4 1 (CLPS) . #4822 W4l 4 2
(CLPS2) fn ¥t it 3¢ 2 Z W5 41 47 3(CLPS3), 43 B Ir 153 1Y
3 fh £ B CLPSL (5 48.3% .CLPS2 5 40.5% ,CLPS3
8.15 Yptteszo

(3) Sephadex S-300 % H b ¥t 2 1 27 : & DEAE-52
LR BT A 45 B 09 4 5> #F — 25 Sephadex $-300
TSR OWE AT R AT RN L & 20 43 4 B T b s AR OK T,
FEAEAR N @ 1.6 ecm X 30 cms PEBE IR & 0.1 mol/L
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NaCl. P& i 38 B2 2 0.5 mL/min. 73 51 i £ Uk 1 - F) 2%

By — B BR VR 58 2 M 4k

1.3.2  CLPSL W HE G BRI 2 o o8 AR I — & & 1Y

CLPST, Bl B St it e B2 1 mg/mL B9 ZHEE W . T

R 20 C.#%X (DT CLPSI B R HEGEE .

~a X100
L X¢

’ (1)

[a )

A
I— L E KB dm;
100 mL ¥ W 3 A I FE 5 A . g

r— 0 B AR L C

A—8tak Ay D 26 (589.3 nm) ;

a W7 1 e ' A 5

[a] LGB
1.3.3 MRS EMNE SRR R, 19 A
B 4y 0 i AT &R B2 R 0,10, 20,30, 40, 50,60,
70,80 pg/mL [y 2 FLBH B R AR WK 2 mL, 218 m A
12 mL H, SO, , 3401841, ¥ K ¥ 44 10 min, ¥ H &
20 C,4rHIEL 1 mL 0.15% Mgk A 8 E ik 9 2%
RS R AR 30 min. 7E 530 nm AR E Ok
JE DI T TR Wik B2 Oy 18 A A L IR O BE O 2 Ak B 5 3 A U
k.

TORE VAT 2 mL, 45 LR b o il 22 kL T
AT 58 3 YRIBCT- 06 AR b ol 2R 0 S0 BB E R & i .
1.3.4 CLPSI A TR iR 5.0 mg CLPS1
WE 1 mL 0.7% Na, SO, W, /PR J5, HE &N
0.45 pom 3o 8 55k 9K B 10 L MR S BE AR, R HPLC
Gt

K H CLASS VP HPLC $0¥ 43 T AR s 8 291t
i % o SHIMADZU RID-10A; 43 1 # BH & 1% £ 24
G3000 PWXL 7.8 mm(ID) X 30.0 em(L) ; 34N 0.7%
Na, SO, s Ji# 24 0.5 mL/min; ¥ 40 C 5 # R 7k
HERE RMARUE o LA 558 B S G\ A AR A OR B R I Ry
T Al B 225 1 B 4 I R i BEPR o i £ 15 CLPST F- 348
X3 B
1.3.5  FBEA AT R AEE . HRAESCHk[13]
T« EH R B CLPS1 30.0 mg.2 mol/L =4 Z M
(TFAY2 mL JRAGK AR o, FLAS % 35,120 CK A% 3 h, HL
0.5 mL ZEEMAB KM P . FFKMEE2EMA 1 mg
WLEEFT 1 mL 0.1 mol/L Na,CO;,30 CHH & 50 min, ii A
50 mg KBH, ,25 C{#%## 1.5 h, HZ 847 pH v, 78
TEBE 40 'CL,FLZS N 0.06 MPa 45 F T4 1 h,jil 1 mL
IEP A 1 mL ik RE .55 C R 30 min 5 T4 BXMA
0.5 mL ALBEFD 0.5 mL ZBREF,90 CARIR 1 h, AR5 &%
T2 T A5 BRE &, T 60 e v R B O TR AT
SMATEGOME .

384 o Rtx2330 7 3 B4 (30 m X 0.32 mm X

c
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0.2 mm) ; AL E MR K 250 C ; FID AR 2% ; #2577
o170 C AR+ 2 min, UL 8 C/min FI & 240 C . {4+
1 min, L) 8 C/min F+ & 265 C % +F 20 min; gEAL IR E
275 C Rl #s iR B 300 ChuEME 1 pl; AN A
s K 1.5 mL/min,

1.3.6  ZDAMERE(FT-IR) 4047 AR Scik[14].

1.3.7 NMR 447 ¥ 10 mg CLPS1 % F 1 mL D, O 1,
F R R L HR A 2 H NMR, ¥ C NMR %07,

1.3.8  #IrE/KfE  Fr CLPSI 125 mg & TN iIIA
2.5 mL ZEWE /K F1 2.5 mL 0.1 mol/L =R L BRIE W, 7857
TB51,95 CAKAR 8 h, PediBEIEE 20 C,4 000 r/min &
L 10 min, THAPLIE . FIE WM ZE1BKENT 24 h, 48505
Hrdwedn . 1% pH o Pk B T, S PM0n 5 A5 1k
FRICIK L BT 8 hy4 000 r/min 85010 min, 35 A
TUUE 43 0¥ r T4 0 B A T R i A0 8385 40 17
1.3.9  @iER AL AR B SCHERL16 18 Soan T - ol i Bk X
CLPS1 10 mg, H 2> & 75 18 K ¥ fi#, il A 30 mmol/L
NalO, 0.5 mL E4 F 10 mL,20 Ci#E e 5 53 6 h B
0.1 mL FE AL S 4N 1k R AR B 250 %, LAZE
TR VR BE L FE I 223 nm A0 I O %5 B2, 1 55 /& iR
T FE 2

DAJRL g 20 4 45 75 7). i 0.005 mol/L NaOH 3§ /&

2 mL SNV T R AR A .
1.3.10  Smith FEfF 3 W B 7K R Z8 08 K 43 33 B
24 h, e 45 M A NaBH, & 10 h, i 50% HAc 1 &
pH K 7. 7K M 2218 KBEN 24 by, B 1/3 THEM TS
FHEE ST T4y 2/3 FH T Smith FEf# .

JMA 1 s TR 1 mol/L H, SO,, 20 C K fi#
40 h,BaCO, % pH 2y 6.5 K , IR WK T 2818 /K iE Hr 48 h,
AN TR AR S S BT RN Z B8 h e B O
VB R R TUE FR 43 43 3 TR S MO 35 43 A
1311 [ERALEE R B AR N-IF C H-3-(2-M AR AR
£ ) Bk — 31 i 0 FR AR #E R SR 0.75 g iImA 30 mL 1 mg/mL
CLPS1 K&+, 1 0.01 mol/L HCl 4 pH % 4.75, X
M 3 h .M A 15 mL 2 mol/L KBH, , Jij 4 mol/L HCI #
pH (B 2 L 28 KB 3 &Ll T, EE RN . HE
57 W) TG 2 LR R . R T R Y O T 7 ) P R A
3, EH AL 4 B8] N-FRE HE-3- -1 AR E 55 ik
W TR A I RS B AR
1.3.12 WEALp BT AR SCHRC17 B Bcn T -

(1) CLPSI-Z H W7 81 % W 19 il & F% Bt CLPSI
20.0 mg, ¥ F 6 mL —F AR (DMSO) H . 75 AT PS4k
N, 34 . fff CLPS1 7431 fif .

(2) NaOH-DMSO {8 & 1941 £ - % 240 mg ) NaOH
5 6 mL DMSO, 7t N, % . B B 7550 T R B

(3) W 54k ¥ NaOH-DMSO iR & ¥ in A CLPSI-

BE 2638 | 202349 8 | ARSHIM

DMSO % . 78 N, % 3, 6 S 464k 1.5 h, il A 3.6 mL
WU e, % B SO 7 min JF A 6 mL ZE 4K, 7= 4 ik
BT 24 b, ZEHAKIENT 24 h,

(4) ZEHUP B AL 20 0% S b W Wk 4 &2 10 mL, jm A
10 mL CHCly , %843 4§ %% 30 min, ZE B P 54k 205, 2%
WK 7843 VR R ZE UK . B TR & CHCL, £ 1 mL,

(5 KA BB f LM £ B, i 1 mL 85%
HCOOH, 78 N, 345, b /K Bz 5 ho#R 5 in 8 4% pH Jy
PR A TR A 2 mL 2 mol/L C, HF; O, , ¥k
KA 6 ho % pH 5 BR 2 2B

(6) JRJF LI A 70 mg NaBH, 21 24 h, & 5
P ARG I/ DR R R P B TS W g L B 2 h e R
UE R P A P RE L R ANRR £ pH 7 RIRE S T4

(1) WAL M 0.5 mL MEAE 0.5 mL,100 CJx
B2 h AR E S T4,
1.3.13  E¥0#r A Excel 2 %4 , & F] Microsoft
Visio Z - 42 B, IBM SPSS Statistics25 % {4 % £ 4% i 47
SrrAb I, I A 3 K,
2 GRS
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B 1~K 3 i35 2% DEAE-52 S 4 HE )2 47
J&i st Sephadex S-300 ##j 5 B¥ H: €0 335 FH 2% 18 7K Uk B 75 3
B 3 AWk WU L 43 % CLPS1, CLPS2,CLPS3 3 fift £
B, AR B R B 94.12%,92.31%,90.50% ., CLPSIL,
CLPS2,CLPS3 Z il v Il it £ 3 Jy . — 3 [ 0 L 9 B0 B
EXTFRIRAS UL R0 45 R 3 — 2B, ST 50
%4 ,CLPS1,CLPS2, CLPS3 #4143 xf DPPH -« ¥ & &E /1
B TCso fH 4> 5y (3.04 420.35), (3.87 £0.36), (4.214
0.12) mg/mL, CLPS1 [y %t & 1k ¥ #® T CLPS2 #I
CLPS3,
2.2 MEBRESENE

K2 s m L ZLM R R AR ME M 2k . Il 7 B O
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Figure 1
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Figure 2 The standard curve of galacturonic acid
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T IR AE W MO0 L HE 1 415 em A S I W0 2 C— HIY

MNERE - RHRSSBENIBAURENHAR

6500
6400
6300
6200
6100
6 000
5900
5800
5700
5600

T

Abundance

Time/min
B4 CLPSl #4486 A
Figure 4 The result of CLPS1 by gas chromatogram
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SO FUERERR 1) 2 Sk B 5 . X 5 SO e M £ Sh
SR I 3 B 2 LB RS BR AE 1 636,1 415 cm ™ Ak M B
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Figure 8 Analysis of CLPSI acid hydrolysis by gas chromatography
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®1 CLPS] SMEREMLRK Smith FEEF=H o4’
Table 1  Analysis of CLPSI periodate oxidation and
Smith degradation products
T84 TR Smith [ fi#
Ffdh ‘ — -
7K fift B S b v
H x x - -
o B * * - -
TEERR - - - -
SR * * - -
B L AP - - - -
2 FUBE S R * * - -
kil - - - -

PR TR A

1>2.1>2,6 1>4. 14,6 SR, 24 FE IR O M 5% %
A 0.291 mol IR .4 10 PO IR IL A 16 it .
2.10 BAEASELDT

1% 2 AT, CLPS] A i 5% 3 A 7 45 0 21 L% 4> 2
FREMEREQ—>4,6) I A —>3.6) K3 AH 1.
1>3.1>4.1>6.1>3,6 G R J A G 1>.1>4.1>4,
6 ST BT R Al R 15 —Fh g 7Y, 5 o BT Rz A0 bl (1—
SIFEIR L 4.02, H 2R (1—6) FE/R Ity 1.60,
21 ZUBE TR A6 T AR A0 5 50RE 3 B 22 R R R oF LRSI R iE
JETEFLE . d 3R 3 AL A (1) FER L 1,02,
T BH R 4 0 45 D ity ki D 1 B ST A (1~
D FEIREL N 0.83 A M (14, 6) FE/R LN 1.10, 8B £
RO B LA BE 19 T2 XA 7E L 2 3L 2 B0 0 45 g TR X
FEAE B L o HE i 7 T8 AR AE S BT R A B (1—5) 423
VI8 /) T8 AR AE s AN TR AE i B AR 1 DA% 4RI, 2F
FLBE(1—3) B i SR AT 0.56 14 m B UG iy 1,77, ud W] 2
IR RE S A 1 >3 B, > 3L WS 1k il A s 1L 5
Bk 22 UM RE R B AL S i, R S W
LR Q-3 BRI, U R AL R TR S
13§,

Fz2 CLPSIBELE=HMHMH

Table 2 Analysis of CLPSI1 degradation products
of methylation

I 53 Sy R JEE IR H
1 2.3.4.6- M AR B> 1.18
2 2, 3- BT A A BT R AT (1—>5) 4.02
3 2,3,4,6-2LFL0E  CEFLEE(—>) 1.00
4 2,4,6-2F 7o A>3 0.56
5 2,3, 6- 7 A 4 A B> 0.99
6 2,3,6-2L 70 LB 0.66
7 2,3, 4= FL 7B (1—>6) 1.60
8 2, 3-4 % bE A (1—>4,6) 0.98
9 2. 4= FL PRLBE(1>3.6) 1.23
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Table 3 Analysis of CLPS1 degradation products

of methylation

25 B g R JEE IR L
1 2,3.4,6-F A AARE(Q>) 1.02
2 2., 3-Buf FL A7 BTz A B (1—>5) 3.99
3 2.3.4,6-2RF L0 CRFLBE(1—>) 0.92
4 2.4, 6-2F 34 LA A—>3) 1.77
5 2,3, 6-7 % B AR~ 0.83
6 2,3,6-2 34 LD 0.71
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9 2. 4= 7L bk L AFEA>3,6) 1.55
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Table 4 Contrasting analysis of CLPS] degradation

products of methylation and methylation
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2,3.4,6-2 7 B 1— 1.00 0.92 1.28
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2.3,6-2 30 1—>4 0.66 0.71
2.3, 4-2 3B 16 1.60 1.49
2. 4-2p 3 B 13,6 1.23 1.55
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Table 5 Molar ratio of methylation of CLPS1
AL AR GC
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AR LAk b T SR R
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2,4 7L
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2R3 0.58
L (1—>4) 0.64
L FLHE1>6) 1.59
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FTRAFE(1—>5)  4.03  4.03 2.8
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