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Structure Elucidation and Preliminary Immunological Activity Studies
of the Water-soluble Gum Polysaccharide ASPI-A Isolated from
Artemisia sphaerocephala Krasch Seeds

Hao, Yugqian“ Huang, Linjuan’ Qi, Chunhui” Wang, Zhongfu™**
(“ Glycobiology and Glycotechnology Research Center, Life Science College, Northwest University, Xi'an 710069)
(® Institute of Pharmacology and Toxicology, The Academy of Military Medical Sciences, Beijing 100850)

Abstract Artemisia sphaerocephala Krasch is an important resource of northwest in China, and it has po-
tential pharmaceutical value and environment protective function. Our purpose to the study of Artemisia
seeds polysaccharide is to get more theory support to illustrate the structure-function relationship in mole-
cule research. A water-soluble gum polysaccharide ASPI-A was isolated from Artemisia seeds with water
extraction and column chromatography. ASPI-A was determined to be homogeneous with average molecular
weight of 5.42 X 10* Da by high performance gel permeation chromatography (HPGPC). Monosaccharide
analysis by gas chromatography (GC) showed that it was composed of arabinose, mannose, glucose and ga-
lactose at a molar ratio of 1 : 2.8 1 4.9 I 1.9. Based on IR, GC, partial hydrolysis with acid, methylation and
GC-MS analysis, ASPI-A was shown to be a highly branched polysaccharide with a backbone of
S-1,4-linked-Glucose. The backbone was partially substituted at O° of glucosyl residues with mannose, and
the non-reducing end were Gle(1- and Gal(1- which were attached to O* of mannose. The immunological
activity assay revealed that ASPI-A 10~50 pgemL ' can enhance the Con A induced T lymphocyte prolif-
eration of mice.
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70 (Artemisia sphaerocephala Krasch) A5 F}E
JEERARVEE A, TR WA B, B
ML S5 FE . RMAEY . AR, By EH S, 7
RHEM AL A5 S s A )z AR, B
A BB E IR R4 V. TR N2, 131
Ry BOREDPL WERF SRR 91.10%, EEAMK
SR, A AT B 2R Y A N AR, (H
XV RE KU PE 22 BRI BEA 22 PR 5T 45 R RIS PR A
HD WARTE. AT VD ERFE BTN %, 3T
IKVEVERR 2K, R B 5 S HAE R AT SR A 2 AR
BT A, 3] T2 WA ASPL-A, BT T
SRR A 25V o SO R S R, 0 A i AT T WP
W9, LAHIE 77K 0 ) W D T e 22 B R R 2% 31
PR K.

1 SLIGERSY

1.1 #8L XTS5

PSR T8 th 284 1T g, 4% R HE D)
M08 (Artemisia sphaerocephala Krasch)f{JFh1. fRZE
Bl EEERE . BURATRE . ARBE. TR, MR, P
Bl Ay L R 2B 177 iy A AT RE IR . R FLBE R . iR
656 S0 (M, = 2000000) . WS I AWK
(DMSO)A Sigma /=i, WEHIHEA Bl THRA
Al 77 h; DOWEX 50WX8-200 2 T A Hh IF 4 Alfa 7=
i, DEAE-£T 4§ % (DE-52)°) Whatman 7% /i; Bio-Gel
P-60 & Bio-Rad 7=; Dextran FrifE (5000, 12000,
25000, 50000, 80000, 160000 Da) 4y Fluka = ji; Balb/c 7)»
B, HEPE, 2042) g, W T P R B S i s )
Ly B2 LT (fetal calfserum, FCS) kS eyl fiyT 2y
;7 ;. RPMI-1640 T 50 RV 33 18 A R A R T AT
ATl HA i)k [ oA Al

Waters 2695 T = 0AH (4%, Bl & 2414 7R 2247
Fer g, S¢E Waters A #]; Shimadzu GC2010 %5
FAEREY, R FID ki, HASRHEA R, Shimadzu
GCMS-QP2010 B ik A, R ¥ &H(ED &1
VB, HASEEEA 7] Perkin Elmer Lambda 25 UV/VIS %Y
AN G, JEE Perkin Elmer /A @) ; Bruker
EQUINOX 55 R M2 4MGiEAY, #8[E Bruker A ;
Thermo LTQ XL RSB FHAX, K Mm% (EST) & T
U5, FEEAHE AT
1.2 LIz
1.2.1 ASPI-A #9455 54tk

WEFFEROKIRI, BEU. Sevag B 1. BT
VP EFE K T 2 B CASP. CASP 4 DEAE-cellulose fll

Bio-Gel P-150 fEiE— U4t 15 51415 ASPI-AP
122 H—HRBRHTFENZ

K e R I 95 35 €43 15 (HPGPC) % FF b 1474
JEE B AR X 43 F o I e . L 44 0 TSK-Gel
G3000SW {3 41:(7.5 X300 mm), JiENAH A EIRLE M
(0.02 moleL™', pH=6.0), A&k KL IR N 0.2%
(w/V), HERERE20 L, P 0.5 mLemin ', FEAR R B FIAS
WAL A 30 C.

564 Dextran Ar7fE g 5, 12, 25, 50, 80 F1 160 kD 241
XF 431 B /N BRI A RERTE, R 5 XA il E R,
TE R, DL 1g MyFHXS 4 T SO Ko (40
REOL bR AE M e, AR G2 [ 7 R vE ST i TR AR
X E.
1.2.3  #ELA M

02 mg A4, A 2 mL 2 mol/L TFA, %4, 121
C/KAR 2 h, WA T 4% Jacob Lehrfeld (75 kil
Sk A LT ] ARSI P PR R I . AR rtx-50
FE(30.0 mX0.25 mmX0.25 pm). FEETHEAE N 180
C (2 min)—6 ‘C/min, 210 ‘C—0.3 “C/min, 215 C—6
‘C/min, 240 C (30 min).
124 B5EAREEHMNE

SVBE SR OB R A R I i A ) 4 Sk
[5]. SCRR[6]K Bradford y:755E, 2:hlbnvie sk, HRIE
EATHIARUE FR A ] 77 Rt R AR it o R S B IR A B
SPrihs4
1.2.5 #4NIR) T

FES ] KBr A, T 4000~400 cm ™' 5 Y 3E4 T4
F.
12.6 3 BRKAE

I 30 mg ASPI-A i, A 6 mL 0.05 mol/L TFA,
100 CIKf# 2 h, AT, FEHT 3 d. BT A R7KHE
Wok4E, BEOL, FHFREREDUR, BIUEEE TR, Wik
A BRI IK SRR T, $5 R 1.2.3 5T E
3 50 5 S AT AR A5 IS R R OB A . BT AR
PWRE ST 20 il e, J7ikIn] 1.2.2 795, B HTASAME i
HEAT ESI-MS il o3 #r. #4FE % 1K, i DOWEX H'
RSkt LABR B, ARG 1T ESI-MS 204, AEdh
TE B R TR .
1.2.7 ¥

HIIEAL R Needs 250070 ARSI 2 mL
DMSO 1, RAEA, %, AR S EE, A 100
mg 1) NaOH ¥R, AR, #7522 K45 NaOH #
filt. vk A 1 mL BB, SRR 2 h, DA 3 mL
KA S N 280l BN, WER TS UL EPIRES 3K, 15
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SEA AL IORE S B SRR NN 3 mL HR,
100 C/Kfi# 3 h. WUEHT, InHEEHEHT3 %K), N2
mol/L TFA 121 C/Kfi# 2 h. FIIEALAIEIER, SR Lk
1k, BB IR R Z R BT A4, HHT GC 5
GC-MS 73 #7. GC-MS 434124 rtx-5ms #(30.0 m X 0.25
mmX0.25 pum), FEFFHEE&LE: 140 'C (3 min)—2
C/min, 250 C (20 min). LA MWEA, Wi 1.24
mL/min.
1.2.8  ASPI-A RSPty B bm 0,38 58 R 6 %7

TG B 2% 0N BRUMRR B A0 B, R A N B
5X10° mL™". #4400 100 uL. RFEKIEZH CASP,
ASPI-A 50 puL BLK Con A (0.5 pgemL )N 96 FL4H i
REFEM, SIRZH] 50 pL RPMI-1640 B5FRMiAE 254,
T 5% CO, AR5 FRART 7%, 56 h )i il *H-TdR, 4k&L3;
77 16 h i FH 22 Sk g BRSO A 4t i, At v A T AR
HAC *H-TdR (I8 NMH. BFFES 3 BAL, 4R H
PREZERIR, G F o BT R R 38 20K J7 2243 AT,
FL I RPMI-1640 X HEZH LEHCKR ) Dunnett ¢ 1556

2 HR51E

21 HBAEYREDELER

WEF KPR Z B CASP, 3% 6.76%. CASP
2 DEAE-cellulose /247> B3 3| IY/N44r. ASPI £
Bio-Gel P-150 #:iE—04lifb15 2415 ASPI-A. ASPI-A
& HPLC [AGE|—ANp—XfFRig, RWHLAAEY M,
MG ASPI-A PRI 4> TN 5.42X10° Da. [Al}%
IR LA IR & B 0.4%, IR A Iy o I 45 G
Wil 96.25%, Bradford HEIIASE RS E N 0.2%.
R T R T AR, TRATTH R
I GC ARSI v MR OBE 8 IR R I o, 28 0 M,
ASPI-A FHBTRAFRE  H 820 A0 S-SR ALk, W)
SRR 10 2.8 0 4.9 1 1950 SR 4 I 21 5 1 1% .
ASPI-A [FLLAME HAT 2 PR AE RO I, 877 em ™' b AT
SR, FIIAT B-D-FL b A7 7D,
2.2 ASPI-A BB EAL DR

ASPI-A 435l AR 3 Wk, 152158 4 HEAL ) 2 0.
KR IR LAk, AR RS PRI IR I £ R TR
firEy, W T GC 5 GC-MS 7307, A iE P 1
Fi7R. ASPI-A 7£ GC HAT 10 /M. M AT 116 45 B Ik 7]
S IAT GC-MS HRFERE Fy 351U, 28 LA UE 0] i,
F] DAHEWTH Ay AR BRI (2 20 R 40 AR 2
£ GC H R TR 5 AR I (0 137 PR 720, SHSRE AT
BRI, 2R 1 F.

—~ 6 ASPI-A
S 100

"S 7.5 7 10

X 50 \

2 25 R 8
LTl

*E T T T T T T T T

7.5 125 175 225 275 325

t/min
7 ASPI-A-I

7.5 1
S
£3
- 5.0 4
< 6
z 10
172}
5 2.5 3
£

4
[ 1y l A " \‘l i
T T

7.5 12.5 17.5 225 275 325
#/min

B 1 ASPI-A fll ASPI-A-I [FJ35 HIEAGH 7 S BEAAT A
i

Figure 1 Gas chromatogram of partially methylated alditol
acetates of ASPI-A and ASPI-A-I

M1 R, ASPI-A BEHEA Sty b B b AFOR 724 4
FFUREA . 5 SO0E A R, Ao >
EHH EERE. AT LL-4)Gle(1-, -4,6)Gle(1-, -2)Gle(1-
M Gle(1-PUFiEge 7 2. BIRrbEA Ara(1-F1-3)Ara(1-
PiRliER: 7 30, EFUBEAT Gal(1-F1-2)Gal(1- 4 Fiigi 4% 7
K. HEBEA -4)Man(1-F1-4,6)Man(1- P FE 7 X, %
B H 2 T B LA-4)Man(1- )7 3G 8z, 84> CO AidideEsy
.

2.3 EBHERKER

ASPI-A £ 5 WK Al S 3B M, 20 TR AT 4% Py A
LA RE S BEAT AR A% 2 BT, BN RN FE S 4k
ASPI-A-L, &M RIMEM 40 ASPI-A-O. &L or:
ML ASPI-A-T FRWEZH Bk H EE Wl A2 2P 700,
YIE R 10 3.6 1 0.3, KHIH . 450 2k
FURER R B e L %k, ASPI-A-O R hrAfTRE . HER
Bl 2 BRI R FLOBE M G, W I R Lk
1:1.7:09 : 1.4, FTRATBE AR TIENT R4, Ui
BT R AT AL RSB

ASPI-A-1 7 TSK-Gel G3000SW #5_F (i & H: LA
—ANGIRRIUE, RIS —M R 4F. MR 1.2.2 571k
BENL P IR Y=3.23554—0.64952X, R=0.996
(N=05). 7B RE A 0.6488, AL A [l J5 FE 45 3
ASPLI-A-1 )5 FH4h 9.6 X 10° Da.
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F 1 ASPI-A fll ASPI-A-T ) AL /M HT LL AR
Table 1 Comparation of methylation analysis of ASPI-A and ASPI-A-I

Relative molar ratio

Peak number “ Partially methylated sugar Deduced linkage
ASPI-A ASPI-A-1
1 2,3,5-Mes-Ara Ara(1- 1 —
2 2,5-Mes-Ara -3)Ara(1- 1 —
3 2,3,4,6-Me,-Gle Gle(1- 2 2
4 2,3,4,6-Me,-Gal Gal(1- 2 1
5 3,4,6-Mes-Glc -2)Gle(1- Trace —
6 2,3,6-Me;z-Man -4)Man(1- 7 3
7 2,3,6-Me;-Glc -4)Gle(1- 5 7
8 3,4,6-Mes-Gal -2)Gal(1- 2 —
9 2,3-Me,-Man -4,6)Man(1- Trace —
10 2,3-Me,-Glc -4,6)Glc(1- 5 3

“ The numbers of the peaks are the same as in Figure 1.

2.4 ASPI-A-O #j ESI-MS 447

HT ESI-MS R = A IR e &+, Hik
Pl Hp B e i 2 U T R A, O R A,
FRIX—H A A SERR A ) 7 b ) BEAR T B

K 2, i sitb(miz)ly 527, 689, 851, 1013, 1175,
1337, 1499, 1661 F1 1823 [, 435 h 4 B (DP)3~11
() [M+Na] "2 7. ASPI-A-O f15 3 Ff b
Man, Glc f1 Gal, [ tn] CLHED 37255 1 1) Man, Glc X Gal
Al BEAH BB OB . PR rp R R IR 1Y 2R A 1
U, WTRE T Ara 3T SCEEA Ui I B K R SRR, DAL
AR AT ).
100 _527.33

851.33

~
W
1

689.25

1013.17

1175.17

1337.08
1499.00

Relative abundance
wn
[}
L

(3]
W
1

h ot
0 T Whioliotel obiomarehbes et
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mlz

B2 ASPI-A-O ZEHE ) HIME S L 2 B 1
Figure 2 ESI mass spectrum of oligosaccharides in ASPI-A-O

2.5 ASPI-A-| IR E L 7

¥ ASPI-A-1 BEATHIIEAL S0y, SAREREME 1 fr
TN, BT R ASPI-A-1 4 —Fh 2y SOBE. BB IE J5 K
ity FH R 2 0 R LR A Rk, A A RE b RORE Y 74 %,
PL-4)Gle(1-F1-4,6)Gle(1- 75 F i 82 75 sUA7AE, 26 W 46 45

B 0] i Lh-4)Gle(1-24 7 S0 T 8% b, CONIAAAESY 2.
H 23 SOBE 5 R o B R R E B BE AR AR A, 1 I A ORAE
MNgE4r. MbAh, H R ILAF (-4 Man(1-E £ 7 A, HH
T Gal(1-F1 Gle(1-11)5 BT A%,

eI ASPI-A 55 ASPI-A-I(E 1)) ReAk 25 B,
R ASPI-A-L Jr & A7 (1 BREAE ASPI-A-O W& A1, Bl
IEANREBRE ASPI-A-T Hh3Ep FRELAL B L (1) 5 5 ASPI-A
HROFH N [ F AR I A S, BT ASPL-A SR /K
fif)i, o riEkoh, % EHRYE ASPI-A 5 ASPI-A-I 4}
TV S I BB R A B, 0k o A T R R AR
FaL, AR NE 1 PR,

m#& 1 W, 5 ASPI-A #ilk, ASPI-A-I1
2,3,4,6-Mey-Gle [FEAAE; 2,3,4,6-Mey-Gal, 2,3,6-Me;-
Man 5 2,3-Me,-Glc ¥ii/V; 2,3,6-Me;-Gle =38 IN; 1M
2,3,5-Me;-Ara, 2,5-Me,-Ara, 3,4,6-Mes-Gle, 3,4,6-Mes-
Gal 5 2,3-Me,-Man j§ 2%. H, 2,3,6-Mes-Man, 2,3,4,6-
Me,-Gal 55 2,3-Me,-Gle ({980 Al fig J& th T %8 COfr
143 % Gal(1—4)Man(1—#{ 0.05 mol/L TFA 7Kf@# it
18 Gal 55 Man 7EIEHT (L R b g HUELE T EE48, I HAT
2.3-Me,-Glc 484 2,3,6-Me;-Gle, T[EH 2,3,6-Me;-Glce
BN 55T 2,3-Mey-Gle il (1) . ASPI-A-T HHAN{EAE
2,3,5-Mejz-Ara, 2,5-Me,-Ara, 3,4,6-Me;-Gal,
3,4,6-Me;-Gle 5 2,3-Me,-Man, W& 41471 324% E.

AR LL A% 74T, ASPI-A T KRB LL 3 7R £
BEAEAE, U] EHE T AE A (1—4)-4-Gle.

GG I T BR K AR ) 45 R Hr, mT DA
ASPI-A NZZ B LL(1—4)--Gle ¥S T8, 0%
B COAEAESY S, HH #ERELL-4)Man(1-E AR 450 C°
A7, Gle(1-F1 Gal(1-ZE#:AE Hg& R C* frkk. Sk
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-3)Ara(1-, -2)Glc(1-, -2)Gal(1-, -4)Man(1-, -4,6)Man(1-,
Ara(1-5 Gal(1-3EHHM K. HHIEHERT ASPI-A (1) =4 1l g
SRt 3.

- 4)Glc(17-4) Gl =4) Glc (12 4)Glc(1[>4)Glc(1]:>4)Gle( >

6 6 6
L B
1 1 1
Man Man Man
4 4 4
(R N
1 1 1
Gal Glc Glc

B3 ASPI-A LHEM RS R ICR K
Figure 3  Structural unit of backbone of ASPI-A

26 GEEMS

Jil *H-TdR $# A\ i%015%E CASP Fl ASPI-A #AR4R} /N
BT AR ER A0 B 0 S N R R, SRER R LR 2. ik 2
AT, T 4HMIAT 2250 %45 Con A 41 °H-TdR BAHY
RPMI-1640 % I8 2H Fb 4 B3 BN (P<<0.01), FHI T #kE
4N fI4% Con A Witk; CASP 75 1~100 pgemL ™" I J& it
W5 Con A &M, H*H-TdR # Affi'5 Con A H LTS
W A8 4k; ASPI-A ££ 10~50 pgemL ™" #5545 Con
AHSH, HPH-TdR $ A% Con A 4HW] B THE(P<0.01).
IR GERE W], ASPI-A 4 10~50 pgemL ™ ¥R ETE A
XF Con A 5T T kA0 M3 4 S N L AT (R VR,
CASP 1EFIARWIE, #8277 ASPI-A Wl g2 — P oo g is

K 2 CASP Rl ASPI-A WRARxF/N B T bk A0 i 1 GRS 1 ) 5%
M
Table 2 Effects of CASP and ASPI-A on T lymphocyte prolif-

eration in mice in vitro

Doses/ *H-TdR incorporation
Groups B
(ugemL™") (cpm, x %)
RPMI-1640 (750 +84)
Con A 0.5 (27103 £4707)°
Con A+CASP 1 (29113 £8204)
10 (21090 +2897)
20 (27172+3560)
50 (2532443574)
100 (23695 +3249)
Con A+ASPI-A 1 (26343 +4303)
10 (34550+1146)"
20 (29163 +708)”
50 (30285+2011)"
100 (23189+4373)

Mean+SD, n=3. ¢ P<<0.01, compared with RPMI-1640 group;" P<0.01,

compared with Con A group.

YRR, X870 BRI 40 B 5 9% D e T e BT — s (R fig ik
B, %4, ASPI-A 7F 10~50 pgemL ™' I %} Con A 55
)T kg B e s N BAT g AE A, 76 1 A 100
ngemL ' I RAE, ZAE AR A DUEHRGE K2
H0 e 24 22 My A 228 1V L RE AT B —
RPET TR P, AR AR S 0 A B I TG S e s, SRR
I AT B ) S B e A, IR DR R B B, A AR
AWFSY.

3 it

RS EFFK I 2 Bl ASPI-A JEAT T 4y 24k
1k, FRAE T HALA 450, IEXHE i e B i Mk T T 4125
W98, ASPI-A Jj—Fh e 28, /T Hh 5.42X10* Da,
CHPTRATHE . T BB AR Sl SR A, LA
APFE S B, ASPI-A N £ 4y SO K, LR EESE T B
H: BL(1—4)-p-Gle Rl E8E, S H%HE COfFAE X,
FH T 75 8 DL -4)Man(1- 3% 32 76 A8 C° 47, Gle(1-A0
Gal(1- 3 B2 76 H & B C* {7 kg . 32 8% tH -3)Ara(1-,
2)Gle(1-, -2)Gal(1-, -4)Man(1-, -4,6)Man(1-, Ara(l-5
Gal(1-E#z 1M . ASPI-A AJ B —Fh e TG vk oy, %
/I8 BRI 40 S i ThRe vT e AT — @ IR HEE . T
LS ) B AR ) o 22 W 5 40 5 1 P PR R RO R DE A
B9,

References

1  Northwest Institute of Plateau Biology, Chinese Academy
of Sciences, Flora of Qinghai, Qinghai People’s Press,
Xining, 1996, pp. 405~407.

(P ERFE BTG m T, &t &, HiA R
JiAL, 797, 1996, pp. 405~407.)

2 Huang, Z. H.; Liu, Y. X. J. Arid Land Resour. Environ.
1991, 5(1), 12 (in Chinese).

(FEJkte, XBLL, FFRFR L HBE, 1991, 5(1), 12.)

3 Hao, Y. Q.; Sun, X.; Huang, L. J.; Qi, C. H.; Wang, Z. F.
Food Sci. 2009, 30(7), 11 (in Chinese).

OMBRAE, PhIE, AR, S, EMF, RafE,
2009, 30(7), 11.)
Lehrfeld, J. Anal. Chem. 1985, 57, 346.

5 Lin, Y.; Wu, Y. M.; Wu, W.; Tian, G. Y. Nat. Prod. Res.
Deve. 1996, 8(3), 5 (in Chinese).

(R, Rt R, HPRT, RAFUWAREFA,
1996, 8(3), 5.)

6  Blumenkrantz, N.; Asbose-Hansen, G. Anal. Biochem.

1973, 54, 484.

Bradford, M. M. 4nal. Biochem. 1976, 72, 248.

Needs, P. W.; Swlvendran, R. R. Carbohydr. Res. 1993,
245, 1.



1108 t

Vol. 68, 2010

9 Sweet, D. P.; Shapiro, R. H.; Albersheim, P. Carbohydr.
Res. 1975, 40, 217.
10 Qi, C. H.; Zhang, Y. X.; Chen, B. W.; Gu, G. M. Chin. J.

Immunol. 1999, 15(9), 419 (in Chinese).
Gr&Ss, KM, RS, BEE, ¥E LR R E,
1999, 75(9), 419.)

(A0909183  Qin, X.)



