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Structural characterization of Guiqi polysaccharides AAP-2A
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College of Life Science and Engineering, Lanzhou University of Technology, Lanzhou 730050, China

Abstract: Objective To isolate the Guiqi (4dngelicae Sinensis Radix and Astragali Radix) polysaccharides (AAP) and study the
structural characterization of AAP-2A. Methods Hot water extracting and ethanol precipitating method was employed to isolate the
AAP. A new fraction (AAP-2A) of AAP was obtained after AAP was purified by deproteination, gel chromatography on DEAE-52
cellulose, gel chromatography on Sephadex G-100, and other means. Sugar content of AAP-2A was determined using phenol sulfuric
acid method. Chromatography techniques were used to determine the ultraviolet properties, infrared properties, relative molecular
weight, absolute molecular weight, molecular conformation and molecular weight distribution, and monosaccharide composition with
the molar ratio of AAP-2A. The connection, main chain and branched-chain structures, and the condition of branching point were
studied by methylation and NMR methods. Results The total sugar content of AAP-2A, which was absent of proteins and nucleic
acids, was 98.98%. Infrared spectroscopy showed that AAP-2A had the typical signals of polysaccharides. The relative and absolute
molecular weights of AAP-2A were above 6.68 x 10° and 2.252 x 10%; AAP-2A was a neutral sugar and composed of thamnose (Rha),
galactose (Gal), arabinose (Ara), and glucose (Glc) with a molar ratio of 1 : 2.13 : 3.22 : 6.18. AAP-2A proved to be a
heteropolysaccharide, with 1, 3-a-L-Rha, 1,3-B-D-Gal, 1,3-, 1,5-, and 1,3,5-a-L-Ara, 1,4- and 1,4,6-a-D-Glc residues in backbone and
1-a-D-Glcp residues in branches. Conclusion AAP-2A is a new neutral heteropolysaccharide from Guiqi polysaccharides with a
highly branched conformation.
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53 AL R S BEREE  HEEIER T
2,4-di-O-Me-Rha 1.01 —3) Rhap (1—
2,4,6-tri-O-Me-Gal 2.06 —3) Galp (1—
2,5-di-O-Me-Ara 1.07 —3) Araf (1—
2,3-di-O-Me-Ara 1.08 —35) Araf (1—
2-O-Me-Ara 1.06 —3,5) Araf (1—
2,3,4,6-tetra-O-Me-Glc 3.07 Glep (1—
2,3,6-tri-O-Me-Glc 1.02 —4) Glep (1—
2,3-di-O-Me-Glc 1.98 —4,6) Glep (1—

o-L- LA BE K0 4 - 78 "H-NMR %+, H-1/H-2
AR A HE (U 2), H-3/H-4 (Jys4=7.5
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W, R H R R 4 NOESY
HOH-1/H-2 28 X, X AR R /2 o 1)
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Table 2 'H-NMR and “C-NMR chemical shifts of AAP-2A
e i
H-1/C-1 H-2/C-2 H-3/C-3 H-4/C-4 H-5/C-5 H-6/C-6
—3)-0-L-Rhap (1— (A) 5.01/103.2  433/70.9  4.00/81.0  3.54/72.0  3.83/69.5 1.25/-
—3)-B-D-Galp (1— (B) 4.41/102.8  3.77/69.3  3.94/83.8  4.03/68.4  3.57/76.0 3.67/60.8
—3)-0-L-Araf (1 (C) 5.16/106.2  420/81.2  3.91/76.7  3.95/83.9  3.85/3.76/65.8 —/-
—5)-0-L-Araf (1— (D) 5.06/106.7  4.24/83.5  3.91/76.7  4.39/82.1  3.79/3.70/66.5 —/—
—3,5)-a-L-Araf (1— (E) 5.15/109.2  4.21/812  4.03/83.5  3.95/84.0  3.94/3.86/69.5 —/—
0-D-Glep (1— (F) 5.30/99.6 3.55/72.3  3.84/73.4  3.60/76.7  3.64/70.1 3.72/3.64/61.4
—4)-0-D-Glep (1— (G) 5.00/98.8 3.46/72.7  3.62/73.1  3.44/70.7  3.83/69.6 3.85/3.70/65.5
—4,6)-a-D-Glep (1— (H) 5.02/98.8 3.55/69.8  3.57/72.4  3.60/76.0  3.93/69.3 3.84/3.57/69.6

=3 NOESY i &EEMEZEAN

Table 3 Connection mode of each residue observed in NOESY spectrum

— NOESY
H AR H AT LA 1 AR

—3)-a-L-Rhap (1— (A) H-1 A: H-2,H-3 G: H-4
—3)-p-D-Galp (1— (B) H-1 B: H-3,H-4 E: H-5, H-6a/b
—3)-a-L-Araf (1— (C) H-1 C: H-2,H4 B: H3
—5)-a-L-Araf (1— (D) H-1 D: H-2,H-4 B: H3
—3,5)-a-L-Araf (1— (E) H-1 E: H-2,H-3 A: H3
a-D-Glep (1— (F) H-1 F: H-2, H-4 E: H-3,H-4
—4)-0-D-Glep (1— (G) H-1 G: H-2,H-3 C: H-3
—4,6)-a-D-Glep (1— (H) H-1 H: H-2, H-3 D: H-5, H-6a/b
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Fig. 5 Structure of repetitive unit of AAP-2A primary structure

FH 2 R BE (0T FE S, 1T AAP-2A S 1 8 Bl bl
MM AW, W 450 22 IR, HENl AAP-2A
S22, oy AR, BT LA D ] TR S5 T
5 300 R AR X > RS G0 4y TR A 2 1R
K, WEHEIRTE FF AL S5 R ) &5 SR R 45 B EDIE

g LATIR, AAP-2A FHEHAEH 1,3-0-L- 2
B, 1,3-B-D-2E LB, 1,3, 1,5+ 1,3,5-0-L-F$714A
BEFD 1,4+ 1,4,6-0-D-FZ MR, NEE 73 = i T
BT Epi ) 3 Ar A2 4 Ar, EES S 1
PEEFE) o-D-F %W 4L % AAP-2A S — g ff
e 2 8E, %S m s IR, IF B RA o
i SR e A/ i o P 57 G I e RN N 54
B —o RAMUEATETET TR, AAP-2A P
RIS TSR T IR 2 0 AAP, AR FHLHIA fF it
— .
S 3k
(1] M, % 8, 4 W % MEB A, ik

BBy oy A 0. RS T, 2014,

26(4): 480-485.

2] #& Fb, B2 SRR S 0 G o i
[0]. R, 2012, 40(9): 5128-5129.
31 PFAMizE, 222205, W%, & JUAHMIGZ 1) SL s R 5T

IR [J]. I SEE T I AR, 1998, 4(6): 58-60.

[4] WHEL & F, £ W, & ARSEMRIUEE
PERIAIFSE [3]. P B Tk, 2011, 25(1): 64-66.

[5] Sun Y X, Liu J C. Structural characterization of a
water-soluble  polysaccharide from the roots of

Codonopsis pilosula and its immunity activity [J]. Int J
Biol Macromol, 2008, 43(3): 279-282.
[6] Dubois M, Gilles K A, Hamilton J K, et al. Colorimetric
method for determination of sugars and related substances
[J]. Anal Chem, 1956, 28(3): 350-356.
Zhao L Y, Dong Y H, Chen G T, et al. Extraction,
purification, characterization and antitumor activity of
polysaccharides from Ganoderma lucidum [J]. Carbohydr
Polym, 2010, 80(3): 783-789.
W Hl, AT, MK, G TR e 2

2R

(8]

(10]

[11]

[14]

[16]

(18]

—+

B R E R AT ). V2O R,
516-518.
SRMEA. BEE AW EMADIEAR [M]. 55 2 ki BoH:
WL AL, 1999.
Cui W W, Eskin M N A, Biliaderis C G, et al. NMR

2008, 23(5):

characterization of a 4-O-methyl-B-D-glucuronic acid-
containing rhamnogalacturonan from yellow mustard
(Sinapis alba L.) mucilage [J]. Carbohydr Res, 1996, 292:
173-183.

Mondal S, Chakraborty I, Rout D. Isolation and structural
elucidation of a water-soluble polysaccharide (PS-I) of a
wild edible mushroom, Termitomyces striatus [J].
Carbohydr Res, 2006, 341(7): 878-886.

Rout D, Mondal S, Chakraborty 1. The structure of a
polysaccharide from fraction-II of an edible mushroom,
Pleurotus florida [J). Carbohydr Res, 2006, 341(8):
995-1002.

Pramanik M, Mondal S, Chakraborty I. Structural
investigation of a polysaccharide (Fr. II) isolated from the
aqueous extract of an edible mushroom, Pleurotus
sajor-caju [J]. Carbohydr Res, 2005, 340(4): 629-636.
Leone S, Molinaro A, Dubery I, et al. The O-specific
polysaccharide structure from the lipopolysaccharide of
the gram-negative bacterium Raoultella terrigena [J].
Carbohydr Res, 2007, 342(11): 1514-1518.

Agrawal P K. NMR Spectroscopy in the structural
elucidation of oligosaccharides and glycosides [J].
Phytochemistry, 1992, 31(10): 3307-3330.

Prabhakar G R, Unaiza H, Xu Q W. Structure
determination of the capsular polysaccharide from Vibrio
vulnificus strain 6353 [J]. Eur J Biochem, 1998, 255(1):
279-288.

Sun Y L, Steve W, Cui B, et al. Structural features of
pectic polysaccharide from Angelica sinensis (Oliv.)
Diels. [J]. Carbohydr Polym, 2010, 80(2): 544-550.
Cordeiro L M C, Reinhardt V F, Baggio C H, et al.
Arabinan and arabinan-rich pectic polysaccharides from

quinoa (Chenopodium bquinoa) seeds: Structure and



¢ %4 Chinese Traditional and Herbal Drugs 5F 46 % 55 18 # 201549 A . 2695 -

gastroprotective activity [J]. Food Chem, 2012, 130(4): containing ribitol and 2-aminoethanol phosphates.
937-944. Carbohydr Res, 2002, 337(17): 1535-1540.

[19] Kang J, Cui S W, Phillips G O, et al. New studies on [21] Ye L B, Zhang J S, Yang Y, et al. Structural

gum ghatti (Anogeissus latifolia) Part III: Structure
characterization of a globular polysaccharide fraction by
1D, 2D, NMR spectroscopy and ethylation analysis [J].
Food Hydrocolloid, 2011, 25(8):1999-2007.

Dominaika D, Philip V T, Nikolay P A. Structure of the

O-specific polysaccharide of Proteus penneri 103

(22]

characterization of a heteropolysaccharide by NMR
spectra [J]. Food Chem, 2009, 112(4): 962-966.

Zhang A Q, Sun P L, Zhang J S, et al. Structural
investigation of a novel fucoglucogalactan isolated from
the fruiting bodies of the fungus Hericium erinaceus [J].
Food Chem, 2007, 104(2): 451-456.



