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Abstract: Astragalus polysaccharides are the most immunoregulatory active and abundant substances in
Astragalus, with anti-tumor, anti-viral, and immune-promoting biological activities. They have been widely used
in clinical practice. Previous studies have found that Astragalus polysaccharides are mainly composed of two
different polysaccharides, APS-I (>2 000 kDa) and APS-II (10 kDa), with APS-II (10 kDa) being the most active
component of Astragalus polysaccharides. We used a-1,4-glucan endo-hydrolysis enzyme to degrade APS-II into

oligosaccharides, and screened the immune activity of oligosaccharides in vitro. We found that the overall immune

W H: 2023-12-11; & [EH 11: 2024-05-11.

BEEWH: BEXRARBEIES T (81872962); E K115 Bl =24 F BT H (2019M650851); [E 5 H A HF & 1T (2019YFC1710800); 111 7644 T 55
TR R E AT H (201603D311101); 1h 7 44 4 75 A A BHEQUHI T H (201605D211030, 201705D211020); Ll 76 45 R G 5 A 7 [ BA 4 151
B

*EIAEH Tel / Fax: 86-351-7019297, E-mail: like@sxu.edu.cn

DOI: 10.16438/j.0513-4870.2023-1379



A T 0 R B BR3P 2 B APS =TI AT 1 SR B AR5 1 0 SO R B © 2109 -

activity of 2-9 oligosaccharides was low, while the immune activity of 10-14 oligosaccharides was strong, and

the activity was better than that of untreated APS-II. To investigate the key structural features of APS-II oligosac-

charides that play a role in immune activity, we used MALDI-TOF-MS biochemical mass spectrometry and high-

resolution mass spectrometry instrument ESI-Q Exactive-MS to analyze the APS enzymatic oligosaccharides.

By comparing, we found that 10—14 oligosaccharides contain 1—4 and 1—6 branched structures with coexisting

linkages, suggesting that 1—4 and 1—6 linkages in branched structures are key structural features that play a role

in the immune activity of APS-II, laying a theoretical foundation for the structure-activity relationship of Astragalus

polysaccharides and oligosaccharides.
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Figure 1 MALDI-TOF-MS diagram of APS-II enzymatic oligosaccharide. APS: Astragalus polysaccharide
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Figure 2 APS-II enzymatic oligosaccharide ESI-Q Exactive-MS positive ion mode total ion current
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Table 1 Fragment information of 2-9 sugars in APS-II enzymatic hydrolysis by MS/MS. DP: Degree of polymerization
Theoretical value
. Molecular . . +
DP  t,/min of relative Fragment ions/m/z (M+Na")
formula
molecular mass

2 2.17  C,H,,0, 3422965  203.053 4,219.059 1, 269.657 9, 305.083 8, 347.095 4, 365.105 7

3 3.04 CH, 0, 504.437 1 185.040 6, 203.053 3, 347.095 1, 365.106 2, 425.203 7, 467.140 2, 527.158 9

4 387 C,H,0,, 666.5777  185.042 8,203.053 2, 268.599 6, 347.053 2, 365.106 0, 467.135 7, 509.150 5, 527.160 1, 689.212 2

5 490 C,H,,0, 828.7183  185.042 8,229.494 2,268.599 6,323.433 1,347.094 5, 365.105 7, 467.137 4, 509.148 2, 527.158 1,
671.202 5, 689.211 9, 851.264 1

6 6.25 C,H,0, 990.858 9 185.043 2, 203.053 7, 263.064 4, 325.113 2, 347.095 3, 365.105 1, 467.141 7, 483.514 1, 509.148 2,
527.158 5,671.201 9, 689.210 6, 791.246 3, 833.256 1, 851.265 3, 839.280 1, 953.312 5,1 013.317 2

7 7.88 C,H,0,, 1152.9995  185.028 6,203.039 0, 227.040 8, 245.051 2, 275.062 3, 287.060 4, 305.071 8, 365.105 6, 407.105 1,
467.136 3, 509.147 3, 527.157 7, 569.155 2, 629.185 8, 671.199 3, 689.211 4, 731.210 1, 791.240 4,
833.254 2, 851.263 4, 893.363 3, 908.774 5, 953.281 3, 995.288 7,1 013.317 4, 1 055.318 3,
1072.3712,1115.3313,1175.370 2

8 9.14  C,H,,0 1315.140 1 185.042 6,219.018 1, 245.051 6, 263.060 2, 272.065 7, 325.113 8, 347.095 1, 365.103 8, 407.106 5,
467.137 3, 509.147 8, 527.158 6, 569.131 5, 629.189 2, 671.200 6, 689.211 6, 731.213 6, 791.251 8,
833.2519,851.264 7, 893.286 1,953.286 1,1 013.317 3,1 055.316 3, 1 115.3312, 1 175.370 7,
1217.3667,1277.389 5,1337.4253

9 1051  C,H,,0 1477.2807  185.043 1, 191.039 2,203.052 6, 325.113 7, 347.095 2, 365.106 4, 407.111 2, 467.140 5, 509.148 2,

54779246

527.158 8,569.169 9, 629.193 7, 689.211 9 731.317 2, 759.219 7, 791.238 2, 833.253 1, 851.264 5,
953.293 8,995.304 8,1 013.3170, 1 055.317 2,1 115.335 1,1 157.357 0,1 175.369 5,1 217.373 0,

1277.3702,1319.404 2,1 337.423 3,1379.390 1, 1439.431 1, 1499.477 1

6 b £ B R A B H MR, JE A C Y
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SHES THELS AL, B R AR T REE MR, JF
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9 B B R LOu b B W R, ek C Y
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ZANTANALTA A A BRI R 5 325.113 7.
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1277.370 2.1 439431 1 R & 7, A T REHR N
60 [f1 7 1t 5%, TR I 3R R ZE A AL AL ALV A
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o BT R, SRR A T AL A, R
& 60 B BT, AH AR IR AR A A R A E R
120 P 87, R R AT 45 B O PR AN C-4 AL 42,
R N 1 =4 &R RULHENZ 9 B N2k it 1—4 3%
FEA 1—6 4% 07 X ILAF (1) % B BE, HHEM %450 R
o -D-Glep-1—4- o -D-Glep— (6- o -D-Glep-1),—4- a -D-
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Glep—(6-a-D-Glcp-1),—6-a-D-Glcp-1.
3 ESI-Q Exactive-MS IF B T R T APS-IIEE i &
P8 10~ 14 FELE M FRAE

R % APS-TIMf fif 55§ MALDI-TOF-MS F1E 45 R,
SRAFEREART 7> TR RE L, W a8 74 10~14 5
BEAT AR RAE, e RS R 2.

104 2 SRR B2, JF 7242 C 14 203.053 9.
365.105 3.527.158 6.689.211 9.851.265 6.1 013.315 0
1175370 7.1 337.428 2.1 499.467 1 ¢ A & T 1 B 74
185.042 6.347.095 3.509.148 6.833.254 4.995.306 9.
1157.3570.1319.416 0.1 481.478 O W F &5 1, Britb 2
ARRET AL PA LA AL AN AL A S IR
Z4 I 1 305.085 2. 467.136 7. 629.190 1. 791.238 0.
953.294 9.1 115.349 0.1 277.394 O FE 85 1, 728 1 I
EHCN 60 I EE R, FIRHERAE A LA AL A,
A, 5 R T 2L B 407.112 9.569.132 1.731.218 6+
1379.451 0.1 541.484 0 RHITE B+, 774 T &
N0 M ER, fF A 16 MR M. Bl
JEEE TR I, BE IR RAL A T AP AL PA LA
TR 60 ) BB v, B IR A F R 120 IR v BT,
B S T HE W AR I 5 i T A T 20647 8 3 DU AN A

Table 2 Secondary Fragment Information of 10-14 Sugars

C-4 P f e, HoE 77 AN 1-43EH: . T 3.4.5.9,
103X T/ BE 1) C-6 7 4 1 42, DR G A I3 10 # D 21
14 R 1—6 377 A7 8 R, HEN 2451
N @ -D-Glep-1—4- o -D-Glep— (6- a -D-Glep-1),— (4-
a-D-Glep),—(6-a-D-Glep-1),, F =25 Jii 15 K LK 3.

1105 = ER AR S I 2L, JF 742 C 14203.053 3.
365.106 7.527.159 2.689.212 0.851.263 9.1 013.317 0.
1175.3720.1337.428 0.1 499.467 0.1 661.531 O &5
TAIB 74 185.043 1.347.095 3.509.148 4.1 157.362 0.
1319.411 0.1 481.470 0.1 499.467 0.1 661.531 0 %
BF, BRI Z AN RAET AL PAL AL AL AL A
A A AN A BB IR T R TR B 305.084 3.
467.137 6.629.191 5.791.242 9.953.293 4.1 115.356 0
1277.396 0.1 429.455 0.1 601.476 0.1 763.585 0 # /'
BT, PR T REEON 60 [ E K, FIRE R A
TUAGTALTALTA LA TAGTA A SR IR
% M 407.111 0. 569.167 5. 731.217 6.1 055.326 0.
1217.374 0.1 481.470 0.1 703.543 0 R AW & F, 7=
AT EECH 120 I R R, K S 16 R RE L
o JE IS R T R I, B ER W AL R AR T VA,
A, E R TEECN 60 1 A, (B IR =4 %A,

Theoretical

. Molecular .

DP  t/min value of relative
formula

molecular mass

Fragment ions /m/z (M+Na")

127.038 8, 145.049 8, 185.042 6, 191.039 3, 201.007 6, 203.053 9, 213.005 8, 219.018 0, 263.059 5,

272.065 7, 305.085 2, 325.113 6, 347.095 3, 365.105 3, 407.112 9, 467.136 7, 487.165 0, 509.148 6,
527.158 6, 569.132 1 585.132 1, 629.190 1, 671.200 7, 689.211 9, 731.218 6, 791.238 0, 833.254 4,
851.265 6, 953.294 9, 995.306 9, 1 013.3150, 1 115.3490, 1 157.357 0,1 175.370 7, 1 277.394 0,
13194160, 1337.428 2,1379.451 0,1 481.478 0, 1 499.467 1,1 541.484 0, 1 601.523 0, 1 661.532 0

127.038 9, 145.049 7, 185.043 1, 191.039 1, 203.054 3, 219.017 6, 227.040 5, 245.051 0, 263.060 3,

272.065 1, 305.084 3, 347.095 3, 365.106 7, 407.111 0, 423.078 2, 455.110 5, 467.137 6, 487.164 5,
509.148 4, 510.152 6, 527.159 2, 569.167 5, 629.191 5, 671.200 9, 689.212 0, 731.217 6, 791.242 9,
851.263 9, 893.273 1, 920.780 6, 953.293 4,1 013.317 0, 1 055.326 0, 1 115.356 0, 1 157.362 0,
1175.3720,1217.3740,1277.396 0,1 319.411 0, 1 337.428 0, 1 429.455 0, 1 481.470 0,

1499.467 0, 1 541.463 0,1 601.476 0, 1 643.510 2, 1 661.531 0, 1 703.543 0, 1 763.585 0, 1 823.584 0

145.049 8, 185.042 0, 191.039 6, 203.052 8, 219.017 4, 263.060 4, 272.065 9, 305.085 2, 325.113 3,

347.095 3, 365.105 7,407.113 7,423.083 0, 467.138 4, 487.163 7, 509.148 6, 527.159 9, 569.171 2,
629.193 2, 649.209 3, 671.201 3, 689.212 5, 731.226 3, 791.246 0, 833.254 0, 851.264 6, 893.282 7,
953.3029,995.309 5,1 013.318 0, 1 055.3250, 1 115.350 6, 1 157.360 0, 1 175.373 0,1 217.373 0,
1277.408 0, 1 337.413 0, 1 379.390 0, 1 440.488 0, 1 481.462 1, 1 499.488 0, 1 643.535 0,
1661.524 0,1 805.591 0,1 823.591 0, 1 865.567 0, 1 985.646 0

185.042 4, 245.051 3, 263.059 6, 272.065 3, 325.112 9, 347.095 0, 365.106 1, 381.072 8, 407.109 0,

467.136 6,473.484 3,487.167 9, 509.148 3, 527.158 9, 609.818 3, 629.194 8, 649.848 9, 671.201 2,
689.211 1, 731.228 3, 791.246 0, 833.254 7, 851.264 7, 893.274 7,953.291 0, 1 013.311 7,
10553290, 1 115.3420, 1 157.360 0, 1 175.360 0, 1 277.402 0, 1 319.407 0, 1 337.418 0,
1439.4590,1499.4820,1643.5090, 1 661.5390, 1 823.573 0, 1 985.636 0,2 088.734 0, 2 147.682 0

10 1153 C H,,0,  1639.4213
11 1286 C,H,,0,,  1801.5619
12 1379 C,H,,0,,  1963.7045
13 148 C,H,0, 21258431
14 1601 C.H,,0,  2287.8937

159.647 0, 185.042 8, 263.060 3, 269.610 5, 272.063 8, 288.841 7, 301.021 1, 304.885 3, 325.113 8,

344.085 0, 347.095 5, 365.104 4, 487.166 1, 509.148 1, 527.161 6, 629.189 6, 671.201 1, 689.214 1,
791.248 7, 833.255 1, 851.262 8, 886.361 8, 953.293 6, 995.306 3, 1 013.317 0, 1 157.360 0,
11753660, 1220.381 0, 1267.029 0, 1277.398 0, 1 319.404 3, 1 337.423 0, 1 481.469 0,
1499.4800, 1 643.528 0, 1 661.518 0, 1 805.598 0, 1 823.577 0, 1 986.653 0, 2 309.737 0




- 2114 - 222224 Acta Pharmaceutica Sinica 2024, 59(7): 2108-2116

509.14856

671.20074
347.09531

Relative abundance
I~y

200 400 600 800

833.25439

1013.31500 117537073

133742822 1499 46716

i N IJI. 1

1000 1200 1400 1600

Figure 3 MS/MS spectrum of APS-II enzymatic hydrolysis of decasaccharide

AOTAG R 120 B 7 B9 7, Eh 0k T 45 3 7 AN B 1Y
C-4 Mz, TR 7 NN 1—4 4 . HET L%
VLB N M 1 =4 B 1—6 2 8207 sUILA7 14 81 SR B,
M 1% 45 4 N a-D-Glep-1—4-a-D-Glep—(6-a-D-Glcp-
1), —(4-a-D-Glep),—(6-a-D-Glep-1), -

2R FERE TR TR, I ECH
203.052 8.365.105 7.527.159 9.689.212 5.851.264 6.
1 013.318 0.1 175373 0.1 337.413 0.1 499.488 0.
1 661.524 0.1 823.591 0 % v & ¥ 1 B A 185.042 0.
347.095 3.509.148 6.671.201 3.833.254 0.995.309 5.
1157.360 0.1 481.462 1.1 643.535 0.1 805.591 O 4 Fi
BT, BRI Z AN IR R A T AL PAL AL PAL A
AL A AL A A S A, BB IR I BT R
305.085 2.467.138 4.629.193 2.791.246 0.953.302 9.
1 115.350 6.1 277.408 0.1 440.488 O i /i &5 1, =4 T
JiEHUCR 60 B MR R, RN O4AL AL AL A
CALVMA L I BRI R T 407.113 7.569.171 2.
731.226 3.1 055.325 0.1 217.373 0.1 379.390 0 & 51|
FETF, P T RN 120 R HEEKR, 4 1-6%
BRI, BRI, BB A T A,
PANTANTA A BRI RN 60 B g, R
FARFEAE AL AL A A A E SRR RN 120
(VRE R 281, FH IR 43 HIX S AN B ) C-4 D BT, %
07 O 14 &8 . RIEHENNZ 12 B R 2tk 140
P A 1—6 2507 LA I 3 S, N2 S544°8 a-D-
Glep-1—4-a-D-Glep— (6- a-D-Glep-1),— (4- a-D-Glep-
1),—6-a-D-Glep-1.

13 0% 3= S R KOs B BT 2, IF AR e B C
AU A 51 365.106 1.527.158 9.689.211 1.851.264 7.
1 013311 7.1 175.360 0. 1 337.418 0.1 499.482 0.
1661.539 0.1 823.573 0.1 985.636 0 F1 B 7 185.042 4.
347.095 0.509.148 3.671.201 2.833.254 7.1 157.360 0
1319.407 0.1 643.509 04 11 B8 1, BRILZ AN R A T O2A

O2A L PA A AL A A A 1 TR I BT R
467.136 6.629.194 8.791.246 0.953.291 0.1 115.342 0.
1277.402 0.1 439.459 01 &5+, 74 T JiE N 60
(e 5 2, BT IR R AR AL A A LA AL B
YRWr 24 IF i 245.051 3.407.109 0.731.228 3.893.274 7.
1055329 0 RANEE B+, 74 TR EECH 120
MEER, 6 16 RN R M. @i K30,
BRI T A, PAG A A B R TR RN
60 [ B By, AH IR AR PR AL AG AN TA L E R
120 MU | B 1, B IR AT A4S HE X 4 A B 1 C-4 A7 4%
B, AN 1-4 %8, BT ERE N H &R R
WY a1, AHRERET KRBT BRI, R — &M%
— P, AR bR SIS 45 B W SR R AR TR 2~ S B
A1 A SR, DR A WU 7 LA ST KA X 4 1 o & B R
B B P B BE AP TE 2~ 5 BRI 45 00 74 Be Bl B At th % b
B, HEM1Z 13 BEIE SR AR i 5 ANKE N 1—4 2108 R b
BESE, 13 B8 R ME 14 &M 1—6 &4 7 L7 I
HIEPE, HEM H 45098 a-D-Glep-1—(6-a-D-Glep-1),—
4-a-D-Glcp—(6-a-D-Glcp-1),—(4-a-D-Glep-1),.

4 FE R FREER, AT CH
365.104 4.527.161 6.689.214 1.851.262 8.1 013.317 0
1 175.366 0.1 337.423 0.1 499.480 0.1 661.518 0.
1 823.577 0.1 986.653 0.2 309.737 O B 7 &+ A1 B 7Y
185.042 8.347.095 5.509.148 1.833.255 1.995.306 3.
1 157.359 9.1 319.404 3.1 481.469 0.1 643.528 0.
1 805.598 O 251, BRILZANRAE AL A NP AL A
PA, 5 B T 2L TE A 304.885 3.487.166 1.629.189 6.
791.248 7.953.293 6.1 277.398 O ft B 1, 74 T R
AN 60 (1 1 2k, [RS8 R AR A R0 A 15 BE T
4T 886.361 8.1 220.381 0 R AR B F, P24 T i
HECON 120 R, A 16 BB R A, R
XA BE 6 A4 4, 1AL 40 i Bk s ae 45 SRR I 7~
13 RSB AETE 34 1 -6 He A 32 10 F B, DAL b
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Figure 4 MS/MS spectrum of APS-II enzymatic hydrolysis of tetradecacose

2R RS R i O REA B A C-6 1B % B, B R AR b
6 MR 1418 7 e HEMZ 14 AL 194 3%
FEAN 1—6 4 T7 SUSLAF (138 SR, HEDZ 2544 N o-D-
Glep-1— (4- a-D-Glep-1),— (6- a-D-Glep-1),— (4- a-D-
Glep-1),o 2Rl I WL & 4.

oo 10 # 45 KN a-D-Glep-1—4-a-D-Glep— (6-
a-D-Glep-1),—(4-a-D-Glep),—(6-a-D-Glep-1),, 11 2k
¥ N a-D-Glep-1—4- a-D-Glep— (6- -D-Glep-1),— (4-
a-D-Glcp),— (6-a-D-Glep-1),, 12 # 25 ¥ N a-D-Glep-
1—4-a-D-Glcp—(6-a-D-Glep-1),—(4-a-D-Glep-1),—6-
o-D-Glep-1, 13 HE£5#°M a-D-Glep-1—(6-0-D-Glep-1),—
4--D-Glep— (6-a-D-Glep-1),— (4-a-D-Glep-1),, 14 ¥
458494 a-D-Glep-1—(4-0-D-Glep-1),—(6-0-D-Glep-1),—
(4-0-D-Glep-1),. o 10~ 14 ¥ 3G 454 N—(6-a-D-
Glep-1),—4-a-D-Glep-1.

BT, BT 2~8 Mt AR AE 14 5l 16 %
27 M 45 0, 76 10~ 14 B R B T 14 Al
1—6 W AR DT NIAF 1 73 345 o N 1—4 F 1—6
B AT (1] T RE 1T R8N APS-TTH R 35 G s (R k%
PRI G B L5 1

A SCAE APS-TIG i 5205 £ 29 A5 A A 45 SR
A FURR A B, SR FH O B AR O 3 BT 4 22 i APS-
TN A S 078 3L A7 ¥ 20 % IR VS AR AT, 85 YK X APS-TITNG fiff
SEREF 10BELL I (10~ 14) HEEE AT S5 MR T 5 2~
9 i 5 M BEAT X LG, 15 H 10~ 14 K 3L 25 # o — (6-
a-D-Glep-1),—4-a-D-Glep-1. # HF 2~9 #f, 10~14
35 14 F0 1—6 M IER T AL bESE. H
B 34 BF 58 26 W 1—4 A1 1—6 152 1 %81 80 b 5 T
WO 9% R G0 R PR S RIS BT, A SCHED
APS-TIZE B T 1—4 F1 1—6 3 3 JL 17 (1 88 45 7T At A
APS-THH 5 G 8 0 11 TR DG B 45 00, 2 L 45 R vl oAy
Ji SR S T WE T 22 R AL RUOR B BT 9T B S B R Bl AN

MBS

2 TTAK: X 57 b R 2 R Ve £ S SO SR T S B 2
[ A7 Tt S S BRSO 4 SR M AR AR, X kA 2
[RGB DTS E S A T AR, R SR S0 B R, AR
FAEJT AT IR S AME G R T AL BRI R A
SR RS TR, IR0 SR T B .

FURRSE: T 1535 35 75 WA AEAEAR TR B R

References

[1] LiQ, Hu J, Gao B, et al. Advances on immunoregulation effect
of Astragalus polysaccharides [J]. Chin J Exp Tradit Med Form
(PR S5 5 )2 2% 7K, 2017, 23: 199-206.

[2] Morten L, Anette W, Rune L, et al. Enhancement of human
adaptive immune responses by administration of a high-molecular-
weight polysaccharide extract from the cyanobacterium Arthro-
spira platensis [J]. ] Med Food, 2008, 11: 313-322.

[3] Jiang C, Tang C, Qiang Y, et al. Immunoregulation effect of
Astragalus polysaccharides [J]. Food Sci (2 i & 2%), 2020, 34:
327-332.

[4] Li K, Cui LJ, Cao YX, et al. UHPLC Q-Exactive MS-based
serum metabolomics to explore the effect mechanisms of immu-
nological activity of Astragalus polysaccharides with different
molecular weights [J]. Front Pharmacol, 2020, 11: 595692.

[51 Li K, Cao YX, Jiao SM, et al. Structural characterization and
immune activity screening of polysaccharides with different
molecular weights from Astragali Radix [J]. Front Pharmacol,
2020, 11: 582091.

[6] LiK, LiXQ,LiGX, et al. Radix by enzymolysis of endo a-1,4-
glucanas relationship between the structure and immune activity
of components from the active polysaccharides APS- II of
Astragalie [J]. Front Pharmacol, 2022, 13: 839635.

[71 Li Q. Preparation of Apple Oligosaccharides, Structural Identifi-
cation and Antitumor Activity (3% 5 2 FE (1961 % 450 5w K&
UM 98 S ) [D]. Xi'an: Fourth Military Medical University,
2013.

[8] Miu YQ, Gu GP, Wu GR, et al. Research progress on hydrolysis



2, 0

2116 - 2% %4 Acta Pharmaceutica Sinica 2024, 59(7): 2108-2116

(]

[10]

[11]

[12]

of plant polysaccharides and their products [J]. Chin Wild Plant
Resour (' [E B AEHE P 52 F), 2005, 02: 4-7.

Li D, Song Y, Wu M, et al. Review on the hydrolysis of plant
polysaccharides and the structure of hydrolysate [J]. Food Fermn
Ind (&5 5 kB Tk), 2013, 39: 165-170.

Li P, Li WY, Cao W, et al. EI candy and its derivative molecular
ion ESI-MSN broken behavior preliminary research [J]. North-
west Pharm J (Fidb 255425 &), 2015, 30: 433-436.

Li K, Cui LJ, Li XX, et al. Establishment of enzymatic hydroly-
sis method of active Astragalus polysaccharides APS-II and
study on the immune activity of oligosaccharides after its degra-
dation [J]. Acta Pharm Sin (2% %%4R), 2021, 56: 1936-1944.
Wang S, Chen C, Guan M, et al. Terminal epitope-dependent

branch preference of siglecs toward N-glycans [J]. Front Mol

[13]

[14]

[15]

Biosci, 2021, 8: 645999.

Cui LJ. Astragalus Active Polysaccharide APS-II . Immune
Regulation Mechanism and Structure and Activity of Enzymatic
Hydrolyzable Oligosaccharide Fragments (3% £ i 14 % b APS-I1
o 2 R 2 AL o) B L R T W P BURO 5 R R 1 BT ) (D).
Taiyuan: Shanxi University, 2021.

Wang Z. Preliminary Studies on Derivatived Oligosaccharide
Molecular lons Fragmentation Pattern in ESI-MSn Analysis
(ESI-MSn 73 Bt p A A2 5208 70 7 1 5 At A5 2 1) 0 28 T )
[D]. Xi'an: Northwest University, 2011.

He BL, Zheng QW, Guo LQ, et al. Structural characterization
and immune-enhancing activity of a novel high-molecular-
weight polysaccharide from Cordyceps militaris [J]. Int J Biol
Macromol, 2020, 145: 11-20.



