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Abstract: Astragalus polysaccharides are the main immunomodulatory substances in Astragali Radix. The
structure of polysaccharides is difficult to accurately determine, which limits the in-depth study of the molecular
mechanism of Astragalus polysaccharides in vivo. "Polysaccharide receptor theory" believes that there are one or
more oligosaccharide fragment "active centers" in immunologically active polysaccharide molecules. Therefore,
the degradation of Astragalus polysaccharides into oligosaccharides and the study of the active centers of polysac-

charides at the oligosaccharide level provide new ideas in the study of the structure and mechanism of Astragalus
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polysaccharides. This article adopts endo-a-1,4-glucanase enzymatic hydrolysis, and determines the best degrada-
tion conditions through single factor test and orthogonal test to degrade the immunologically active polysaccharide
APS-II (10 kDa component) into oligomers with different degrees of polymerization. Then through the preparation
of polyacrylamide gel chromatography and specific immune and non-specific immune cell tests, the immune activity
screening of different oligosaccharide components is carried out. The animal welfare and the experimental process
in this study follow the requirements of the Animal Ethics Committee of Shanxi University. The results showed
that compared with the immunologically active polysaccharide APS-II, different oligosaccharide components have
obvious differences in different immunological activities. This paper studies the different immunological activities
of Astragalus polysaccharides at the level of oligosaccharides, laying a foundation for further elucidating the structure
and function of Astragalus polysaccharides, enriching the theory of polysaccharide receptors, and providing new
ideas for the development of Astragalus polysaccharides.
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ST AR Bt L 259 I 3 0% O I & B T 1) B
2y, 12 B8 AR IR iR v 1) 2~ 3 AN H ik 5 5 B I T
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) MM BALB/c /MR (SPF %), T4 H b i 4EidE
FAESLIS SRR ATBR A R, FFh 6~8 Ji, (A 20+ 2 g,
FWVFATIES A SCXK (3%) 2016-0006. 1773055 i
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A Al); WY a-D-1,4-7%1 5 B8 K fE B (CAS: 9000-90-2,
b R E R A R A F); A (299%)- 5K 2 B
(>98%) ] 5 3 # (299%) Fl 5K 4 ¥ (>97%)~ I % 5 ¥
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CAN. 15 5 2. Ji 1% 2 B (32 1H Thermo A /).

APS-II D BEHIEMNRIERZE HEHART 100 H
0% J5 BB B 4H R 15 g, DL 1220 EL Al in N 2 85 K,
90 °C N /3 P P45 B FEFR HL 4 h, 550 B b5 WOk 4
% 150 mL, Bk ds & =R CRRIEFREE (N 200 U
KN I, 45 °C F/K 6 h, BEJEIN10% =& LR E
SAEF 200 mL, UK HEFE 15 min J5 F E 30 min, 5
OFUOE). B0 JE FIFRPREMANTK LR &
LR E R 80%, i E IR, LA G TIRAEKAZ
B (APS), # APS it i i 5 mg-mL"' %, JFil i 41
L N 10 kDa (1) JEEAS 21 APS-11.

A a-1,4-F B FEEGFEAE APS-I £ E R 1818
o OFREUGE R 2 BE, 7E 100 mmol- L i R 44 - 155 iR 2% i
Wb R, 175 1 mg-mL" 2 FEE TR, B H2 mL BN
NEE R, 7E— IR RN 2 mL _F 3B 22 ph i e i 7
P ) a-1,4- 781 SR 0 B 15 90 B4 A 22 B, 90 0l 2% %2 i AL UL
J5 T PR RV A BT () 0T 22 W B AR TR RS el o I AR DL
73559 40.50.55.60 F1 70 °C, ik FE 43 )4 0.05.0.2.
0.5\ 1 F12 U-min™', BEARET 8] 75025 0.5.1.1.5.2F13 h.
Pt it 5 B S BB T K R K 10 min, 250 BT,
WETJE ¥ T 2 mL - OET, B 3K, A& T4
TRIK, 18I 100 D I AT BRERR 25, SEREOR 40 )5 V2 VR T4,
B FENEIR AV, INZE K EL ] B 2 mg-mL™" 55 BE 75 WL,
AT 3R KA 3 - 28 R O6 A I (HILIC-ELSD) 4347

B iR AR 0.5 U-min™ (B AT 7] 1.5 h
AT, % EEER IR BT 40.50.55.60 1170 °C, B fiR 5
ST EDE T 7K K% 10 min, 85O H EIE, 1438 5 3T
HILIC-ELSD 43 #7 .

By B 76 B AR 55 °C B AR i 1] 1.5 h %1

T, HBEEKE 0.05.0.2.0.5.1 F12 U-min’', ff# )5 57
B & T /K K% 10 min, 5508 EiE, BG4

HILIC-ELSD % #7 .

B f I 1) 7E VR 0.5 U-min™ B R 15, £ 55 °C
MR, EEEEEN 1R 0.541.1.5.2 F13 h, B 5 LBl &
F 7K A KIS 10 min, 2508 R, B L5 3ET HILIC-
ELSD 44T

A1) a-1,4-F B FEEG % #R APS-IT IE 32 iR 38 % 3t
R B2 A F S0 v B3 i AR U T AR R /N e R e (/K
Fo i ZAKE, g = &R KPP RET IERR R (R
1), 18I SPSS 16.0 #5645 S 3E 4T 43 #r, DA B
il 2% A

Table 1 The table of orthogonal test design. A: The concentra-
tion of endo a-1,4-glucanase enzymatic; B: The temperature of

enzymatic hydrolysis reaction; C: The time of enzymatic hydrolysis

reaction
Serial A B C
number  (concentration/U-mL")  (temperature/°C) (time/min)
1 0.05 50 60
2 0.1 55 90
3 0.5 60 120

APS-II ESME M EMER YN B4k 40 g
B T e BERS (Bio-Gel-P-2) RN 255 1-/K T, 1238
24 h 5 3 2 BIF A/ NEURL, % AR\ BEIEAE (1.5 emx
70 cm) & 60 cm, H 75 B SE F 2% B T K v e JE AT AR
% JE E I IE

FREL— & & APS-II{E K FZ 0.5 U-min”' . I fif i
% 60 °C FEARET 18] 1.5 h 4% 4 T B AR, BifRJS LBV E T
/K AR K% 10 min, 508 B, A% TR G5 R
FEVRA W), FREL350 mg F /KA R, 1815 BAE, BT K
HEATBE M, 38 2 mL 1) eppendorf (EP) & 7% 22 I 42 %
IR Y, 34 ISt 3 8E g JE T A A B VR R B B S emeh !,
£ 60 45, B IE 5 8 HEAT & AR AH (3 (high perfor-
mance liquid chromatography, HPLC) 437 »

HPLC i 26t il A1 X-Amide (250 mmx
4.6 mm, 5 pm); £ I #%: ELSD; W 4 4 A-4li/K, B-2
Ji& 5 B FE ¥ i 0~55 min, 15%~50% A, 85%~50% B;
U 1 mL-min™; #4335 °C; #FFF 5 20 uL; ELSD %
EIRLE 105 °C; # i # 2.5 L-mins

TEIEHELE 55 Xt RAW264.7 40 B 250k 55 14 B9 22 M)
KLl & 100 ng L' F 55 2= 1R 5 1) DMEM 56 4 5%
Fid, RAW264.7 B T DMEM 58 & R e L b i 35, 0%
Y M AR HFE AE 37 °C 5% CO, IR 23, EEIRAEK
X AR R T IR IR, BT T
HECK, RAEYE A Ae b SR R 40 A Py, R e A
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¥ o6 fLik B T H I h 85 9%, % F % B N 37 °C.5%
CO, MR, 24 hJ5 5 LB IRk . T 10.20.30.50.
70,100 pg-mL™" [] APS-II. [ fift ) J& 55 §% A1 P1~P4 5%
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ATEIEVELHE 7 X B AR 4 (natural Killer
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o T O it ok R A, SR SR s i B L AR, T N
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ASFLH NS R FE 100 pL ff) APS-I1 < il AR ) s 35 4
FIP1~P4 ZEHEVETR (10.25.50.100.200.400 pg-mL™)
TREFFTIE 12 h )5, 2855 CCK-8 (cell counting
kit-8) a7 & U B a3k A7 W 2, e APS-I1 [ 14 %o A
[F R & Sr 28 I IR . B, NKCAN M i i 2 44 5
oy HaE s BL TR A S5 NK 40 i i 40 e vk =1 -
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FEAENT,

AEIERA S K MAIEER N i 2
B0 A 5 BE M BALB/c /) BRARBE, fif 51, 6 B 3R BUME, %2
B EE, SR 5 4 25 200 B 1 57 I 3R A B A
PR ER VR, AR TS FH KRR PR Tl e % o R R g 2 4
I U XA 4 B, IR % o R T VR PR R, T
800 rmin™ B5.0» 10 min, 7+ 2% b, JF 00N 2040 g 3¢
fEIR, PR BVE TR B O o PRI 2% b SRV DR 3 1K
F#:LL 800 rmin™ & 0> 5 min &, WA YTIERY,

F RPMI1640 35 77 FKs 48 M v FE 1 22 fs = 7 1x107
AR, K 100 pl A 2B 96 FLAR H, FE I 90 pL
ARV BE 1) APS-T1. B AR I et 35 0% T P~ P4 ZEHE VA TR
(10.25.50.100.200.400 pg-mL™") LK 10 pL & ¥ JE K

50 pg-mL"' ) J] & [ (concanavalin A, ConA), # Ul T
Ik B2 4 3 5E, APS-T14 FH M R [ B 15 37 2 %)
R4 .

H 100 pL 40 i 23800 96 FLAR HF, TN 90 L
AN TR 2 ) APS-IT i Ji 5 SR W8 A P 1~ P4 SRR VA T
(10.20.30.50.70.100 pg-mL™") LA 2 10 pL 23K /&y
10 pg-mL™" [ LPS, #E47 B bk [ 40 B 14 5 S 566

TR FRF R R (37 °C.5% CO,) 24 h 5, i@
i CCK-8 ik 77 6 M i 40 i 3% 7

NEIEWEA D TR E MR 1gG IS
RPMI1640 35 77 5 4 41 B o FE 15 B 2= 7 5%10° 4
4, JF N 96 FLAR H, B AL 100 pL. 285 43 1 1m) L
HINAS [ 34K P2 180 APS-1 B AR J5 L BB A P1~P4 5%
BEF (10025.50.100.200,400 pg-mL™"), APS-TUARH
PR IR, [ # Sraf FX BR4 . 7F 37 °C 5% CO, M Al
M IERT TR R R 7% 48 h S, #4596 FLAR LA 3 000 r-min™ &
A 10 min, HUE3E S 2098 R, IR S0 S U
M 5E 1gGo

AT F oM 0 G s R 5 45 3L I Prism
7.00 BAFBEAT AL FE, IR HEAT 4G 56 2 BT L IA) 22 5, SRR
Bl hx + s B, K36 K #E o = 0.05, P < 0.05 %~ &
EENES -9

%R
1 APS-IIMSY BHI%

FH 35 RS 25 M T8 80% B UTAS 21 1) 34 1S 4 2 M APS
W E PR FEZHE: APS-1(>2 000 kDa) F1 APS-II
(1.02x10* Da), I F 8 3856 APS #5015 1 APS-I1.
2 APS-IIEgPEfE B F HiXIE

TR A =40 P SR 5 R T SR 2~ O WA T
€, WP 1 iR, 14 min J97% 5 2 4, 20 min 9% 5 3 B,
24 min 7 % 4 B, 28 min % SHE, 31 min N K 6
FE, 34 min N 78, 37 min N7 K 8 ¥E, 38 min JyFH
K OWE, oM 5 T A FEMIRIGIN . ARk b o b £ B I
Vi) T 00 35 S 22 W G % A i SRR o R SR B RN

1800.0 4 56
1,03 Ty
1200.0
>
600.0
0.0
0.0 10.0 20.0 30.0 40.0 50.0
Time / min

Figure 1 Chromatogram of dextran with degree of polymeriza-
tion 2-9. 1: Maltose, 2: Maltotriose, 3: Maltotetraose, 4: Maltopen-
taose, 5: Maltohexaose, 6: Maltoheptaose, 7: Maltooctaose, 8:

Maltononaose
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PR [v1) %o A i 22 R ) 52 e BF 7 S s, I S T A
A, BRI 1~ 6 RE S =IGN, REE 1~
14 SRS B I AR, Hodr 5 HER 6 5 & & AR i
B . AR 1A] A 0.5 F1 1 by, B I A) 55 6, AT fg
— R4 22 R I A A R AR, % AL O T R T A T S
KI5 Frig i, B M EK 1505, 1~ 14 R EF
LW 5 20 43 e THD AR 35018 B fe AR, b B B 22 0 AR
SE4T; dREEAE K AR (], 76 2 A1 3 hEg A ), PR RS 2 0
W AR, LM T REBZ A RAER KM SHE
6K, 7= A T 2 (1 BRE 2O 3 BE AN 4 B, il SRR A
Wy S BN 6 BEVE T AR IR /N, 1 ~4 BEUET AR BG n. 5R
B T~ 14 SN ALE B AR Ik R B AR A R R, B &
BUAHE, FE ARG E T~ 14 FWA SR e
(OB, ToVE IR AR . R LA T, 3% B 2 i AR
fi B4 1.5 he

N R T 3 R 2 MR AR P 2 R, B
W FLBGAE S ASAS R FE R B A 0 2 BV T I 22
RIN VI a-1,4-% 508 B 1% Al APS-I1 A B & P Y0 BN
50~70 °C. fE40 °C'F, o] B & & 2 5L 0 & 2H 45 0 i
TN, B0 2 M B Al AN 58 4% 75 S0 R 60 °CF, 35 1
%W R AR FE FE AT, 55 °C T S50 25 21 43 0 1 AR e K,
H S 6o P& B, IR INE 70 °CHF, Z 5 %4
3 W T RRL ek /0N, T P 9 2 A v i T L, B A 52
Ao BRAHE T, AS TR X R 2 B R e
BRI G R AR S A sz, 1
H155 °CN o-1,4-71 5 WG 195 ff 26 15 22 B 1) B I

2 BN [F) i VR 55 ) 3 TS 22 M B AR T R T, i A TG
WREE RGN, B =R R A 1~ B & E AR i
B, 0.01 Umin ' WKEF, EZ =P8 1~9FE, 10~14
W2 BRI, DR DR ] R A AR FE AR, AN BB 58 4 PR 5%
B, P A2 RATE R ERE; 0.05510.1 U-min™
WREER, FE=W N 1~7 0, #HEET0.01 U-min™, Bk
FE 380, AN 58 A WEAR 72 40 R 8 AN 9 WE i — 5 Wl e R A,
BB/ BRI EER N ZE 0.5 A1 1 Urmin”, 8 =48
1~68, H 9~14F55 & & T 17 3 MK BB E =1
W SERE, DB FE BRI A R 0.5 U-min' 5, 51 2 0
Fefioe 4, HERS Ao & ElaTioE, a3 mugk
FEZE 1 U-min™, {8 6 Wit — D IR /NG SR
DRI, DR UE 35 B 22 W 40 B i o8 4 EL IR A 7= ) % 40 4y
SRR, 0.5 Umin NIAEREKE .

R A5 [ i 0 B B i e W T AR
T FF, B = R =K AT IEAS IR .

3 APS-IIEGRERRIE iR I8

W IEAZ BI04 T A B W VR A e T AR S R

N SPSS 16.0 4, 45 R =K 2 Fiow, /£ = A EEH R

IS

e, R E S K, ORI FEE V2, il I ) 2 0
AN MR TE A R AR AL 45 AT, B AR T A
AB.C,, B 0.5 U-mL", BRI/ 60 °C, AR
[a] 90 min.

Table 2 The results and analyses of orthogonal test. K: The sum
of the experimental results at the corresponding level under each
factor; R: The maximum value of K minus the minimum value

under each factor

Serial Sum of peak
A B C
number area
1 1 1 1 89 263 407
2 1 2 2 90990018
3 1 3 3 93 580 406
4 2 1 2 95 050 632
5 2 2 3 85725256
6 2 3 1 93 666 389
7 3 1 3 98 951 784
8 3 2 1 98 165 424
9 3 3 2 100 656 811
K, 91277 943.67 94421 941.00 93 698 406.67
K, 91480 759.00 91 626 899.33 95 565 820.33

K, 9925800633 95967 868.67 92 752 482.00
R 7980 062.67 4340969.33 2813 338.33

4 BEEREYNSEAEK

W MR G R R A 1~ 18 b
FNyFEZ M. 7536 0.5.10415.18.20.22.25,
27.30.32.35.37.40.43.45.50.55.60 & HE 47 K .
Ve B 20 B T 46 ISR A B 13~ 18 /N 7
ZHE, SRR, B27TERITH IR EE N M
BE, WOk 0~27 8 & 3F, FEHH NEEE10~18 1)/
T HE; 27~34 R R E B ER G T~ 14 [ SEHE
RN T 208, 35~42 8 T E R AR A 3~6 B,
BEZFEERSNREEE 1~35. % 5, il p-2
B AW KRR G 0 S5 2 4 A ZERE 4L 7, Pl
NEEE 1~35 (F2A), P2 VR EE3~6 4 (K
2B), P3 AR AL T~ 14 (K12C), P4 NG 10~18
B (K 2D).,
5 RAW264.7 40 ff Z5 i 55 14 0

JSL FH A 2T I AS [R] 554 4H 70 5 RAW264.7 4
0 W 5 P B2 R (P 3). FE 0~100 pug-mL™ iR
W, BAEE 1~3 KN 50 pg-mL B, 20 75 W
PEf R, A 3~6HA 70 pg-mL™ B, 40 i 75 g s
B0, AT 7T~ 14954 100 pg-mL I, 20 i 5 g i vk
B9, BT 10~ 1884 20 pg-mL I, 20 i 75 g it v
B0 WM J5 A ZERE N 70 ng-mL ™ INF, 20 R A I 1
i, APS-TUN 50 pg-mL' B, 407G 1 A . DA EAS
FEPEA R ERE ST AALKRER BA ST ¥R
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Figure 2 The high performance liquid chromatogram of P1 (A), P2 (B), P3 (C), and P4 (D). P1: 1-3 sugars; P2: 3-6 sugars; P3: 7-14

sugars; P4: 1018 sugars
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Figure 3 Effects of different oligosaccharide components on the
phagocytic activity of RAW264.7 cells. Total: Total oligosaccha-
ride mixture; APS-2: APS-1I. x + s, n = 6. 'P < 0.05, "P < 0.01,
P < 0.001 vs APS-II; P < 0.01, " P < 0.001 vs blank control
group
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Figure 4 Effects of different oligosaccharide components on the
killing activity of mouse spleen natural killer (NK) cells. x % s,
n=6."P<0.05,"P<0.01,""P<0.001 vs APS-II; "P < 0.05, P <
0.01, " P <0.001 vs blank control group
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Figure 5 Effects of LPS combined with different oligosaccharide
components on the proliferation of B lymphocytes. x + s, n = 6.
"P<0.05, "P<0.01 vs APS-II; P < 0.05, P < 0.01 vs blank con-

trol group
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Figure 6 Effects of ConA combined with different oligosaccha-
ride components on the proliferation of T lymphocytes. x £ s, n = 6.
'P<0.05,"P<0.01, P <0.001 vs APS-II; P < 0.05, “P < 0.01,
P <0.001 vs blank control group
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Figure 7 Effects of different oligosaccharide components on IgG
secretion of splenic lymphocytes. x £ s, n = 6. "P < 0.05, "P < 0.01
vs APS-II; “P < 0.05, P < 0.01, **P < 0.001 vs blank control group
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