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Structural Analysis and Observation of Ophiopogon
Jjaponicus Polysaccharide POJ-Ulb
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Abstract ; Ophiopogon japonicus polysaccharide was ultrasonically extracted. It was separated and purified by DEAE-52
cellulose column to afford the polysaccharide POJ-Ulb. The purity of POJ-Ulb was determined by Sephadex G-150 gel
column. The result showed that POJ-U1lb was homogeneous. The structure of POJ-Ulb was determined by gas chromatog-
raphy , infrared spectrometry and nuclear magnetic resonance,and the surface morphology of POJ-Ulb at different con-
centrations was observed by atomic force microscopy (AFM). The results showed that POJ-Ulb was glucan composed by
glucose. The infrared spectrum suggested that there were characteristic absorption bands of polysaccharide in POJ-Ulb,
and its monosaccharide residues existed in the forms of pyran and furan rings. POJ-Ulb was mainly composed of —6) -
a-D-Glep(1— linkage. AFM revealed that POJ-Ulb had a multi-branched chemical structure in linkages of adjacent
monosaccharides, ringed and branched structure was derived from link of polysaccharide chains. With the increasing of
concentration , POJ-U1b presented chain and flakiness conglutinate structure ,which was related to van der Waals interac-
tion and hydrogen bond of polysaccharide chains.

Key words : Ophiopogon japonicus polysaccharide ; structure ; atomic force microscopy

A A W N A & 1) E A RO IY 2 — AR
KHFERYIILEA ZF AW T, (45 it
Poad Ve | W s B LB M 2, B S
RO AR RO T I R 2 A S I 4
AR H R Tl PR U 22 & SR AT A
XA i T 2R R R, BARMER AR A, X

e H 1 :2016-03-31 B2 H#1:2016-06-15
FEATH VLM A BRI H (2016KY1215)
s« IASEH Tel:86-013289277087 ; E-mail ; wxm19830427 @ 163. com

TSI LA R . SR AR Y B
BRI HETE R e o R T 77 B
5 (AFM) S AWy B 2 S B kg Tk 1) — b i 780 3% 1o
AYBTAER , E B AT ) TR OO T
AL T —F A RN TFBL. I AFM BRI BLTE, 20
JU AR AR S, oy 9 K 5 9 kG B B2
FHAZ S HRAER BRI, LUK AE AR FDIR A S Al $#84E
R, B2 N T A2 U, AFM B
BT, A AT A (T8, A2 AT A 385 ok O 3 Fl A
A, HHEr, AFM C )z W T8 B DNA B



Vol. 28

TG R BRI Z & 2 POJ-ULD (254 537 K AFM S 1229

JE S A R A T RER R 0 = e o BT g v o AR
SCH| R P R U & 220, O 0 LA T sy 2l , 4R
1422 2 284153 POJ-Ulb , R HI S (435 12: (L1510
A M RIS MR AT T RS, R T
WA AR EE ST T, 2R3 T %2 B e
KW THRER . Adt— P R A
Ha BRI T — 5 A SE IR

1 ##EGRF 5 ER

A WL, W T 08 22 T A b 25T 3,
DEAE-52 ( Whatman) , Sephadex G-150 ( Pharmacia) ,
AWy WA ,95% L, EALEN , S AL BN S o B
afi,

SPM-9500J3 % J5 I3 Wit ie ( H AR HEAH]) |
TU-1810 ZE4hAT UL 435606 FE i (b 5t 8 Hrad FH AL 2%
ABRTTAEA ] ) | Trace-2000 S AH 35 (S EHEE
HRAATE]) (Avatar360E. S. P. F TIR {8 B M2 217 485
A (JB B IR ) T8HW-1 {8 15 I RE 1 5t b1 7%
(BCHCR LA PR ) (RE-S2AA AUt 78 K A
( B R AR ) JFD-1A H A% VR T 4R AL
(b mt B Fe s AR A W ) L AVANCE-IIT 400M £
fE YR (Fm+ Bruker AF]) o

2 EKWHEIE

2.1 EX%Z¥EPOJ-Ulb IREXR B4k

A2 YL T, AR, ) 8 75 PR HU A 2
Wi, LB K 750 B L 1210, A T3 80 W,
R PRI E] 10 s, [HJERES ] 15 s, 75 UL 90 Ik, $2 X
PR o BT IREE ORI A vk 4, B R R TR R 15
FLM LW POJ-U, POJ-U 2 DEAE-cellulose 52 {4,
AL A 3 R I 3 T I 4% G 0, VR TR0 ) A
17K .0.05 M NaCl % .0.3 M NaCl %%, 4 [ 5
BB WS A A WS EE VR I, R T - PR 1 7F 487 nm i
KT s & . LUV ECH MR A bR, IO
FEME A A bR DEAE-celluloseS2 (535 A% Bk Mt il £k
Ko BT BT VAR KBTI TR TR 15
POJ-Ula,POJ-Ulb POJ-Ulc, ASCXF# & £ 8% POJ-
Ulb #F7F5% .
2.2 Z¥EPOJ-UIb HHAELTE

FIFH Sephadex G-150 % f¢ ixh Uk v X 22 4 2 4
POJ-Ulb #FAT4IRE %08 o ¥ Z BRIP4
43 POJ-Ulb £ Sephadex G-150 24, 1t i i A 3L
72K LB H B AL bR, WG RE A R AL A

DEAE-cellulose52 (a3 A1 1l il £k [, 515 2 s — X
PRI Ui PH 25 28 285 25 DEAE-cellulose52 73 B 3 T
L B — B 57
2.3 EXZZEPOJ-Ulb B BRMEHER S

5 mg POJ-Ulb ZBEEE M PN A 3 mL 2 mol/L
) =F LR, 110 CTFKf# 6 h, i A /b & HIEE 50 °C
RS (EE =), IBRRZ R0 =R LR, 5
TG o KR TR TCKIERE 0. 5 mL, 572
FElE 10 mg, WILEEZS SRR (NFR )2 mg, IR G5 T 90
CAE R AR TR 30 min UH B HI R =R,
JA 0.5 mL Jo7K Z BREF,90 C 4k%E [ v 30 min i
FIRENG 2 BEAL , Z R AT S i . S
TS S Ay OV-17 B4R A K DU 2% FID
R 2% s FHR AR FF 150 C (FHR L 7 °C/min) —
190 °C (FFE B B 15 °C/min) —250 °C; #EFE 1R
280 °C; K I #% U6 BE. 260 °C; Air: H2: N2 =
300:30: 30, 2k A 10 mL/min; #ERER R 1 pL,
2.4 FEMOINEDH

1 mg ZHHEE S 538 & 20T T4 )5 19 KBr
WMARIRG, SRt EE , & A 5 RS B AR 2140
FHALALE 4000 ~400 em™ %K 36 FEI P HEA T30
2.5 ZEHERS M

W EZ RS S mg, % T 0.5 mL K
(D,0) H1, JH AVANCE-III 400M #% i H: 4 A3 %F He 3
F1'H NMR 2047, 52 J 40 °C (313 K) . BT
ZHERE R T EK(D,0) R B i AR,
AVANCE-III 400 M #% 4 $t 4 {0k Hi# 47" € NMR
30, M E IR B 40 °C (313 K)
2.6 AFM #Hl#E R

T B2l & I 10 22 4 Z2 88 POJ-ULb %5 1 FH XL
ZEJK LI 100 wg/mL WAt &5 W, G 1 e FE A e+
2 h, WBERAIE DRI S we/mL 2.5 pg/mL ()
Z AT, ﬁ%ﬂgx%%%wﬁ%%ﬁ%& 5 g, TR

N 5 POJUla

3.0
POLULL
. }\ POIULe
0 ﬂ) P

020 40 60 80 100 120 140 160 180
R

Tube number

o]
n

W EAE
Absorbance

o= =1

oo

W

Bl 1 ZZ%#E DEAE-S2 FHEHERE
Fig. 1  Chromatographic isolation of O. japonicus polysaccha-

ride on DEAE-52 cellulose column



1230 KIRF=YIBE R 5T K

Vol. 28

B atRm b ERERAETARNT. ETH
AR I EA F] SPM-9500J3 577 i fless i, P&
BIGAE Contact BN HEAT , #RET Si, N, EF K
200 wm , fHCEE ) SR 5O 0.28 N/m,

3 ZREHMH

3.1 DEAE-cellulose32 BiEHEER

WK1 7R ,80 W i R 2 B 22 4 Z 4 POJ-U
% DEAE-cellulose 52 {035+ )2 e B A5 28 18 /K Pl
43 POJ-Ula,0.05 M NaCl yEHi4H 43 POJ-Ulb,0.3M
NaCl $Eli2H 4y POJ-Ulec,
3.2 POJ-Ulb EEEER

% Sephadex G-150 ¥ Jig J22 M7 A XF 22 4 £ b
POJ-Ulb 1y 35— 347 %5 , POJ-Ulb 24 i /R
PR PRI, S5 2R DL I 2, X i Bl 22 & 2 8 POJ-Ulb
RS — B ZHE

2101826344250545862667074 8086

¥

Tube number

2 POJ-Ulb B Sephadex G-150 BEFzE 4+ @i &
Fig.2 Sephadex G-150 column chromatography of POJ-Ulb

3.3 POJ-Ulb B MERAR

A2 22 1% POJ-Ulb J2&—Fp (R AR 44, 7
TR AT OB N AT FA VLR, B 3B
A2 22 M POJ-Ulb JKfift )5 TS 45 RIS £ e AL qT

mVolt mVolt

1200 f‘\ 12001 B .
1000 1000 - [! ‘
800 wpm 8007 | !
L |
preq il 600+ 11 |
400 |\ ey I 400\ wam|
200075 4 6 8 10vmin 20 2 4 6 8§ 10Umin

B3 BAWERFE(A) R POJ-UIL KR (B) S
BikE
Fig.3  Gas chromatogram of mixed monosaccharide stand-
ards (A) and POJ-Ulb (B)
T2 A TR BRSO SURH P35 1 W i 1) < D-2R A% (3. 125 min) 5 D-
FRZ=H% (3. 325 min) ; D-F[ 7410 (3. 525 min) ; D-A M (3. 700
min) 3 D-HEEHE (5. 974 min) ; D-2 25 (6. 125 min) ; D-p FL 4%
(6.349 min) ;B; POJ-Ulb S AH {035 8] H 04 i (7] . 75 25 B (6. 165
min) ; F5(7.516 min) )

Transmittance(%)
o
o

4000 3000 2000 1000
Wavenumber(cm™)
B4 £Z&HE POJ-Ulb Bl I M TR S kit
Fig. 4 IR spectrum of O. japonicus polysaccharide POJ-Ulb

A e SRR €6 3 20 i T, X6 R R 3A F IR A b v B
FEOAAR KL, °T LUE 1 POJ-Ulb [ B4 il H
A AN 1 2 2 P 2 A A R R SR

F A& LM POJ-Ulb [YLLAM 6% LR 4, K h
ATLLE N, 4 L0 POJ-Ulb HA7 B 5 Y 220 (4 4
AEM I 13419 em™ HY LK 5 4 248 O-H i 45
PRz , R UIZ ZWEAETE SRR 21 N AU 52925
em™ 12857 em™ &b S 2 H5-CH, -y C-H {45 iz 351
LAY 51633 em™ 4b Ry Z2 W 45 K sl & 3% N-H 75 £
RSN 51000 em™ -1200 em™ 22 [i] (i) 195 4~ 1% i g
1032.59 em™ 5 1128. 42 em™ 5 B 3% Z2 W 17 75 N i
0t 5935 em™ b Sy I I FR 9 X0 FR AR 45 4R 35 |
(IR R TR R SR Sk 0 4 Ak 2 6 B
8103.59 ppm 45H—3;601 cm™ kb Ay itk g i (1 - 42
X RRA 45 P 20 I 06 . | e BT AT, 22 A& 20 POJ-
Ulb H AT MR 8 S A R A
3.4 POJ-Ulb Hy#xfE RS #7

A4 4% POJ-Ulb 11" H NMR &l 5A fiR, 7E
SR FXEL 84.5 ~5.5 ZRHA —NEFHES,
ULHH POJ-Ulb H AT —Fp sl b2 | 55 HH 0 r 45 5
—3, —EDLT o BImEmBE H-1 55 A9tk 220
BKT 4.95 ppm, B BUMLAGHE H-1 i1 (1 4b2= 00 5%
/INTF4.95 ppm, F3k T F H-1 £F 85.26 A — 1k,
BOHIZ 2R R o BURLIRRE '

2422 POJ-Ulb (19" C NMR 4 5B firs,
C NMR & i 2 A2 82 0 B POJ-Ulb J&AH Y4
4, XA & L8 POJ-Ulb 1 5k mik (5 5 dE4T
I9J& ,8103.59 ppm F—3,6)-a-D-Glef (1 F3LHk{E
538103. 10 ppm K—6)-a-D-Glep (1—FLRfE
53892.09 ppm H—3)-a-D-Glep (1 — 1) 57 Sk i {5
ST RGBT L 1,000 1.59: 0. 08, 4]
I, 224 Z % POJ-Ulb 1 —6) -a-D-Glep (1—H55%

FL 0 R o



Vol. 28

TG R BRI Z & 2 POJ-ULD (254 537 K AFM S 1231

6 5 4 3 115 105 95 85 75 65 55 45
f1(ppm) f1(ppm)

5 POJ-Ulb #3'H NMR(A) " C NMR £ E
Fig. 5 'H and ®C NMR spectra of POJ-Ulb

3.5 POJ-Ulb iy AFM 22

Kl 6 h7 4 21 POJ-Ulb 78 5 pg/mL B 5 ¥
TR HEEE, B T R4 Z 8% POJ-ULb ££ 2.5 pg/
mL (T B . BT LUE 1 S
5 pe/mL (L& L8 POJ-Ulb 3 H 4K 6A FiiR
IR, AR TE R 4 PR T (KI6B) AT LA
T REIR R RO S5 4, 256 I A5 HL A3
FEZ 1.3 om, FEREEFEJL T RULE PR, Sk
JEH 2.5 pg/mL I} (& 7) , 24 Z 8% POJ-Ulb K
FEYT S GHLIY BN, B (]38 b B T RS [ i % 42 7
KA IV Z IR S A 5 S M EE 25, R B
B FAI T GESE . SCI0 I A HAE 1) - Y 2 5 R 0.5
nm FERITEREAE 0.1 ~0. 8 pm, — M ZWEM 4 4%
HAR7E0.1 ~1.0 nm, POJ-Ulb 1 &% 1 75 B 420
FHS 4 RE 98 B R T S T RE R A T,
X —J7 TH FI RE A B TR ARAE A S B 5 4 [R) A
HAEHS BN TER0N , 53— J7 10 ] 6eJ2 i TS EE )
(AR ELAE FH B 5 2= B8 3 T A9 A B0, B 15 W e
HiTE = BRI, 7EXT DNA K HAZ W5 1) AFM B¢
IR LB RN © il . IR 6 FET 7 B 1L
AT LB, A2 & L2 88 POJ-Ulb 431 1] 22 Bk J3E FIAH
AR FH BE A BE 3G . 24 POJ-Ulb [k &
BN o3 RS E(B 7) 524 POJ-ULb ¥k BE 1S
KENS we/mL i, 228 43 58 (7] (/) A0 5 AF 73
Gl ,i LR JH] E@%ﬁ?ﬁgﬁﬁﬁiﬂn@ 6 s 5T

. )
i

oh

2t

500 nm 1.00%1.00 um

2.00 um 4.00%4.00 um

B 6 5 pg/mL POJ-Ulb B AFM R 3K (A) R55H##
(B) FEE
Fig. 5 Low resolution (A) and high resolution (B) AFM
images of 5 pg/mL POJ-Ulb

5.00 um 12.66x12.66 um 2.00 um

4.00x4.00 um
BEl7 2.5 pg/mL POJ-Ulb f AFM RS B (A) RE S
WR(B)FHEHE

Fig. 7 Low resolution (A) and high resolution (B) AFM
images of 2.5 wg/mL POJ-Ulb

HER BT IRAG S
4 s

A AR i SR LTSGRk AR
FEYRNS B 4R B A2 & 2 4 POJ-ULb 45K BEAT
WS, 4R W, 2 & 24 POJ-ULb Sy ¥y —ZH, B
A 22 BEE ) I8 R kO W e, e 2 2 A
S, WEAFAEME I IR , SUAFAERRIG 2R, 12 —6) -a-
D-Glep (1 ->HEFRIEMI AL, AFM Z5RE W], L 2k
HAT R R0 SR 45, B 22 S AR R,
BB 1] ) AH ELAE 358, JE R IRRE S5 A o

Z W SL R S5 D E 3 2 W LE T R, X 2
BERER R S5 25 W) Z 18] B 28 8] 58 R T8 HAT
R Y JRARE, 2R R A L 2P — 2R
ZERXT Z RN RER R R, B T2 A R
2%, SOHELAZE &y, XEH S RS BT ik e — M oA
BT o AFM B HY BLAE 2208 e G 45 1 B9 AT 5 1
AT RE , B REARTS 2 Wl i A AR E T T Y IR,
NEREEBITRAB TR T AR TR, BAT
2 BN FHRT S o

1 Sun GL,Lin X,Shen L, et al. Mono-PEGylated radix ophio-
pogonis polysaccharide for the treatment of myocardial ische-
mia. Eu J Pharm Sci,2013,49 :629-636.

2 Xiong SL,Li AL, Huang N, et al. Antioxidant and immuno-
regulatory activity of different polysaccharide fractions from
tuber of Ophiopogon japonicus. Carbohydr Polym ,2011,86 .
1273-1280.

3 Xu J,Wang Y,Xu DS, et al. Hypoglycemic effects of MDG-
1,a polysaccharide derived from Ophiopogon japonicas ,in the
ob/ob mouse model of type 2 diabetes mellitus. Int J Biol
Macromol ,2011 ,49 .657-662.



1232

KIRF=YIBE R 5T K

Vol. 28

10

Hromadkova Z, Ebringerova A, Valachovic P. Ultrasound-as-
sisted extraction of water-soluble polysaccharides from the
roots of valerian, Valeriana officinalis L. Ulirasonic Sono-
chem ,2002,9 :37-44.

Chen YY ,Luo HY, Gao AP, et al. Ultrasound-assisted extrac-
tion of polysaccharides from litchi ( Litchi chinensis Sonn. )
seed by response surface methodology and their structural
characteristics. Innov Food Sci Emerging Technol ,2011,12 .
305-309.

Ying Z ,Han XX, Li JR. Ultrasound-assisted extraction of pol-
ysaccharides from mulberry leaves. Food Chem,2011,127.
1273-1279.

Wu J,Deng X,Zhang Y. Application of atomic force micros-
copy in the study of polysaccharide. Agric Sci China,2009,
8.:1458-1465.

Williams MAK, Marshall A, Haverkamp RG,et al. Stretching
single polysaccharide molecules using AFM: A potential
method for the investigation of the intermolecular uronate dis-
tribution of alginate? Food Hydrocolloids 2008 ,22.18-23.
Adamczyk Z,Kujda M, Nattich-Rak M, et al. Revealing prop-
erties of the KfrA plasmid protein via combined DLS, AFM
and electrokinetic measurements. Colloids Surfaces B: Bioint-
erfaces ,2013,103 .635-641.

lijima M, Shinozaki M, Hatakeyama T. AFM studies on gela-
tion mechanism of xanthan gum hydrogels. Carbohydr Polym,

2007,68:701-707.

11

12

13

15

17

Huang SQ, Li JW,Li YQ, et al. Purification and structural
characterization of a new water-soluble neutralpolysaccharide
GLP-F1-1 from Ganoderma lucidum. Int J Biol Macromol,
2011,48 :165-169.

Guadalupe Z , Martinez-Pinillab O, Garridoa I, et al. Quantita-
tive determination of wine polysaccharides by gas chromatog-
raphy-mass spectrometry ( GC-MS) and size exclusion chro-
matography (SEC). Food Chem ,2012,131:367-374.

Volpi N. Milligram-scale preparation and purification of oligo-
saccharides of defined length possessing the structure of
chondroitin from defructosylated capsula polysaccharide K4.
Glycobiology ,2003 ,13 :635-640.

Sun YX,Liu JC, Yang XD, et al. Purification, structural anal-
ysis and hydroxyl radical-scavenging capacity of a polysac-
charide from the fruiting bodies of Russula wvirescens. Proc
Biochem ,2010,45 :874-879.

Zhang W] (5KMEZR). Biochemical Research Techniques of
Glycoconjugates (FEE S HHEMMFTTEA) . Zhejiang : Zhe-
jiang University Publishing House ,1999. 193-198.

Hou CM ({5 % f# ) , Chen WN (43 7°), Chen YF (B
J) ,et al. Characteristics of spectral analysis for carbohy-
drates structures. Nat Prod Res Dev ( KXWt 95 5 IF
&) ,2012,24.556-561.

Agrawal PK. NMR spectroscopy in the structural elucidation
of oligosaccharides and glycosides. Phytochemistry, 1992,
31:3307-3330.

(E#F 1227 )

7

9

Kurimoto H, Nishijo H,Uwano T, et al. Effects of nonsaponin
fraction of red ginseng on learning deficits in aged rats. Phys-
iol Behav,2004 ,82 .:345-355.

Wang SM ( EH§ ), Zhang Y (3KBE) , Meng JG (ifi ik
[E) ,et al. Effects of expanded processing of ginseng on the
learning and memory ability in mice. Shaanxi J Tradit Chin
Med (BRPEHIEE) ,2006,27:732-734.

Wang Y, Jiang RZ, Li GR, et al. Structural and enhanced

10

11

memory activity studies of extracts from Panax ginseng root.
Food Chem,2010,119:969-973.

Sloley BD,Pang PK, Huang BH et al. American ginseng ex-
tract reduces scopolamine induced amnesia in a spatial learn-
ing task. J Psychiatr Neurosci, 1999 ,24.442-452.

Whishaw 1Q. Formation of a place learning-set by the rat: A
new paradigm for neurobehavioral studies. Physiol Behav,

1985,35:139-143.



