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Abstract: Objective To study the structural information of APS-II enzymatic oligosaccharides, so as to explore the relationship
between the biological activity and structure of oligosaccharides in APS-II enzymatic oligosaccharides. Methods APS-II was
prepared and degraded by endo-a-1,4-glucanase hydrolase, and APS-II enzymatic oligosaccharides were derivatized by permethylation
derivatization, and the structure of permethylated APS-II enzymatic oligosaccharides was analyzed by MALDI-TOF-MS biomass
spectrometry and high resolution mass spectrometry ESI-Q Exactive-MS. Results The molecular weight of APS-II enzymatic
oligosaccharides after permethylation was analyzed by MALDI-TOF-MS biomass spectrometry, and the feasibility of the

permethylation method was obtained. The ESI-Q Exactive-MS high resolution mass spectrometry was used to analyze the 20 sugar
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chain fragments in the enzymatic oligosaccharides with a degree of polymerization of 2—11. Conclusion Through the structural

analysis of the permethylated APS-II enzymatic oligosaccharides, it was clarified that the sugar chain contained the branch structure

of —4,6)-a-D-Glcp-(1—and—2,4)-0-D-Glep-(1—. It is speculated that the sugar chain containing the above branch structure

coexisting with the 1—4 and 1—6 connection modes are the key structures for APS-II to exert immune activity.

Key words: Astragalus polysaccharide; enzymatic oligosaccharides; permethylation; cleavage pattern: structural analysis
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Fig.1 MALDI-TOF-MS diagram of dextran 2—S8 sugar
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Fig.2 MALDI-TOF-MS characterization of permethylated enzymatic oligosaccharides of Astragalus polysaccharides
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Fig.3 ESI-Q Exactive-MS total ion chromatogram of APS-II enzymatic oligosaccharides after permethylation

9 7.10min, 73 FE TR [M+Nal A, FEKEAE
PEEF R, RIS R m/z N 241.112 5 ) B Bz
FETH m/iz H259.113 9 1) C BREH BT, BEAME
R A K AEFEIR M EE 24A, 155 m/iz N 316.125 5
(315 [FfT ) IS 14 B8 7 REURH LI IRE
R T FUHEN Z =W a2 200, i
S AUINSIER
332 =p

(1) 3a: Z=HEM m/z ] 681.3299, {RFHH[H]
N 7.83min, 7N [M+Nal* 8, FERE
PEEFEERSY, 43 AA5 2 m/z N 259.114 9 F1463.215 2
(1) C IR 1 351 o WA I A i AR 95 R BT % 15X,
133 m/z )9 287.109 9 HIFFE 14 407 AR
PRI B o AR E R R A B TR E 04As, 15
2 m/z 4 506.925 6 M EF, X EFA
e 1—4 &8I, RULHENNZ =5 HAhE R
T RAAE . BIEXT 1—4 %8750 RDA Z@H1EE
HEDM, 1—6 HEH: RDA ZEfRMLEE T ZR A N2 A
AT 3SA EEIRWTEE o K IEi% =HEAEAE 1 —4 JEEA 1—

6 ERE, HEHKIAN 0-D-Glep-1—4-a-D-Glep-1—6-a-
D-Glep, ik 45k WK 6.

(2) 3b: Z=HEM m/iz N 681.3302, {REA[H]
N 8.61 min, B FIEN [M+Na T, FERAE
PELFEEIIZS, 27753 m/z N 240.905 7. 4452059 )
B BB A1 259.115 7. 463.215 0 () C BUES T
Fr, Hp CHEFHERER L 0 THEE, 198 miz N
27.089 5 F1431.102 5 HIRFE 7 B0 BEAME R A K A4
PEIAWTEE 15X, 198 m/z J9287.1109 HITF & 14 3%
7 YR LB R B T [RIHENZ =22 2F
=hE, TSR KA ILE 7.
333 JupE

(1) 4a: ZVUBER) m/z )9 885.4301, {REAMF[H]
910.29 min, 7 F & TR [M+Na] A, FEkK
ARET RN, 152 m/iz N 445206 1 ) B &Y
BTREF RN 259.115 7. 463.215 6 A1 667.314 6 1 C
MECTREF, Hd GG EE 140 THEE (it
C1 R miz WNBIRHES G 156 14 C BB 11
Fro DAIERHE), 153 m/z 5 227.088 9 F1 431.1859



FEH 2025FE58 $£56% B 108 Chinese Traditional and Herbal Drugs 2025 May Vol. 56 No. 10

* 3431 -

7.10
sog 639 [ 769
783 86l
9.03
616 748 |\l 1077
9.24 1029
11.43
P 13.39
12.12
12.69
o 14.60
15.82
IO g
17.43
17.98
o 20.60
19.00 19.95
12091
2050 2129
20.98
T T T T T T T T T T T T T T T T T
0 5 10 15 20 25
t/min

4 SHENE APS-IIEEBEFHENEFRE

Fig. 4 Extracted ion chromatogram of APS-II enzymatic oligosaccharides after permethylation

R1 2HREN APS-NEREE_FERER
Table 1 Secondary fragment information of permethylated APS-II enzymatic oligosaccharides
gak O i SRR R (+) EERERET ()
Hatk Al RN WEAH  FEWE
710 CoH120nu CaoH3s011 342 477 241.1125,259.1154,477.2307
3a 783 CigH20s Ca9Hs4016 504 681  259.114 9, 463.215 2, 681.329 9
3b 8.61 240.905 7, 259.115 7, 445.295 9, 463.215 0, 681.330 2
4 4a 1019 CaHauO2 CagH70021 666 885  259.1157,445.206 1, 463.215 6, 667.314 6, 885.430 1
4h 10.34 259.116 2, 463.215 4, 667.315 8, 885.429 8
5 5a 1212 CaoHs2026 CarHss026 828 1089  259.1154, 463.214 9, 649.308 0, 667.314 6, 853.396 1,
871.4133,1089.529 8
50 12.69 259.116 6, 463.214 7, 667.313 9, 871.415 3,1 089.529 5
6 6a 15.02  CssHs20a1 Cs6H102031 990 1293 259.114 3, 445.205 5, 463.215 1, 649.302 9, 667.314 6,
8533955, 871.4144,1057.4899,10755128,1293.630 1
6b 15.79 259.114 3, 445.205 5, 463.215 1, 649.302 9, 667.314 6,

853.3955, 871.414 4,1075.489 9, 1 293.630 1
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1497 241.140 2, 259.115 5, 445.203 6, 463.414 8, 649.315 4,
667.314 0, 853.398 3,871.4135,1057.482 9,1 075.513 8,
1262.5895,1279.6156, 1497.728 8

241.105 4, 259.114 7, 445.203 8, 463.214 1, 649.301 8,
667.314 9, 853.396 6, 871.414 8, 1 057.499 9, 1 075.513 6,
1261.5743,1279.6123,1497.7294

241.104 0, 259.115 1, 445.205 2, 463.215 9, 649.301 6,
667.313 8, 853.398 7, 871.413 2, 1 057.493 8, 1 075.512 3,
1261.5957,1279.614 9, 1483.714 4,1701.831 6

241.104 0, 259.115 2, 445.205 2, 463.215 1, 649.301 6,
667.3127,853.398 7, 871.414 1,1 057.493 8, 1 075.512 6,
1261.609 0, 1279.614 6, 1483.7118,1701.831 7

241.104 8, 259.115 3, 445.203 3, 463.214 6, 649.300 4,
667.314 3,853.395 3, 871.414 0, 1 075.513 6, 1 261.595 6,
1279.614 0, 1465.695 2, 1483.7129,1701.831 5

241.104 6, 259.115 0, 445.204 2, 463.214 9, 649.306 2,
667.314 1,853.400 4, 871.414 4,1 057.507 0, 1 075.515 6,
1261.358 8, 1279.614 6, 1 465.716 4, 1 483.710 2,
1687.8091,1905.9339

241.105 2, 259.115 1, 445.204 3, 463.215 3, 649.306 3,
667.314 3,853.402 6, 871.414 4,1 057.509 9, 1 075.513 5,
1261.358 8, 1279.613 4, 1483.721 0, 1 687.814 2,
1905.9343

241.105 2, 259.115 4, 445.208 3, 463.215 3, 649.305 2,
667.314 2,853.405 9, 871.4149,1075.514 4,1 261.358 8,
1279.614 81 465.7109, 1 483.714 1, 1 669.819 3,
19059337

259.115 3, 445.202 6, 463.215 1, 649.303 9, 667.314 8,
853.399 5, 871.413 8,1 057.502 6, 1 075.521 7,
1261.6090,1279.6158, 1465.7109, 1 483.713 3,
1687.8178, 1891.9161,2110.0215
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Fig. 5 MS/MS spectrum and structure of disaccharide
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Fig. 6 MS/MS and structure of trisaccharide (3a)
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THEEM 1 5 FKEHRE miz 5 415199 2 BT
W o EAME R JFOR 3 R A2 5 AR 24A,, 193
miz N 315.142 2 MITF & 1—4 &8 7 NEYARNLEE
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Fig.7 MS/MS and structure of trisaccharide (3b)
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Fig. 8 MS/MS and structure of tetrasaccharide (4a)
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Fig. 9 Structure diagram of tetrasaccharide (4b)
[A]24 12.12 min, 73T & TU&J)y [M+Na]' A, F#
RAVEE MR, 530133 m/iz 5 649.308 0 Al
853.396 1 1) B BB 114 Jy Fl1 259.1154 463.2149,
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02X, 1 03Xo, 15 m/z 4 111.044 9 F1 155.070 3 (1)
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m/z N 287.109 7. 491.214 3 F1 697.715 9 HIRE &
o EARILJE AR G KA FS A MEE 24As. 1938 miz A
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Fig. 10 MS/MS and structure of tetrasaccharide (4b)
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Fig. 11 MS/MS and structure of pentasaccharide (5a)



* 3436 «

FEH 2025FE58 $£56% B 108 Chinese Traditional and Herbal Drugs 2025 May Vol. 56 No. 10

Glep-1—6-0-D-Glep—4-0-D-Glep-1—4-0-D-Glep-1
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M1 723338 6 MW E T, RKAEFSIRMIEE 35A; F
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FET, o 24A 1 35SA R G 1—-4 8T AW
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o RIEHENNZNHEFLE 14 1 1—6 BiFER T
X, HE5HIN 0-D-Glep-1—(4-0-D-Glep-1)3—4-0-D-
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Fig. 12 MS/MS and structure of pentasaccharide (5b)
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1, 2l s W 14,
3.3.6 L

(1) 7a: %LHER) miz 9 1497.728 7, {REEHS



FEH 2025FE58 $£56% B 108 Chinese Traditional and Herbal Drugs 2025 May Vol. 56 No. 10

* 3437 »

MeO N
15X,491

Na*

0]
MeO MeO

1075.512 80
463.215 06
491 208 31 871.414 43
259.11432  359.166 50 . 635.089 18 737 32532'285 44 1 029.470 09
155.06047 7] ‘ n : :
Yoowr )l S
T T 1 T 1 T T T T T T T T T T T T T T T T T T T
200 400 600 800 1000 1200
m/z
13 X#E (6a) ZRRIE KL
Fig. 13 MS/MS and structure of hexasaccharide (6a)
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Fig. 14 MS/MS and structure of hexasaccharide (6b)
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(i 17.43 min, 73 F&EFUEN [M+Na' Y, FEK
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IS, Co 252k 2 7 FHIEEE1S3] m/z 25 399.161 5
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Fig. 15 MS/MS and structure of heptasaccharide (7a)
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Fig. 17 MS/MS and structure of octasaccharide (8a)
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Fig. 18 MS/MS and structure of octasaccharide (8b)

RVB TR A miz 4 259.115 3 463.2146. 6673143,
871.4140. 10755136+ 1279.6149., 1483.7129% C
a7 RUB R H . Hod miz 2 259.1153. 463.2146.
667.3143. 871.4140. 1075.5136 1] C %lmy Z e
HER D THEGEE] m/z N 227.0889. 431.186 6+
635.288 3. 839.3919. 1043.4939 [JHEH BT, miz
N 4632146 6673143, 871.4140. 1483.7129 1]
C sl Z MRy 0 1 or A 1 40 1K a1 2

mlz A 415.192 8. 619.2912. 823.3952 114357107
(IR B T miz 9 667.314 3 1) C Rk Z BV H
FR 1 THEER 1 7 KEREI miz 5 617.281 1
R, ER 1 THEM 1 5 THESE mz N
605.282 1 FIREF B 1o BEANE B JF A b & 2E B3 W
BE 03X, 153 m/z N 155.070 1 A&, 73R
W JE A R AEBE IR EE 24As, 153 m/z 4 519.241 6
MR BT, RAEBKEEE As, 88 mz N



FEH 2025FE58 $£56% B 108 Chinese Traditional and Herbal Drugs 2025 May Vol. 56 No. 10

- 3441

505.225 3 [ ES 1, ARPE A H ARk RDA ZF AL
FHATED, 24A F1O4A 435108 14 BHEA 156 &4
HFEEE SR EE 7 20, HUE AT L 24A5 1 04A; O 2
FAFIREEE P IRMTEE, BRI 24A5, F1 04As,, EJ
%)\ WA SCREAFAE . m/z N 1103.5129 A1 1307.614
4 R B TREE P Xie PXoo MR A, miz
N 329.156 7 Fl 533.262 2 HIHEH BT H 14 &8
B 156 EBN) A%, P Az EEHWIEE A2, miz
N 737.362 8 WITER BT 35 A4. BSR4,

BSA BHWHEERT A 14 EEM 156 &8N
RDA ZFHLEE . Bhoh, IBAET AL EEIRIEIHE,

33 m/z 9 709.326 4 MITFE 16 EHRFENEL
WA B BIULHENZ ) \BEELE 14 T 1—6 Piff
BT HAFESCE , 43 SCAL RUNIE R A 3 —4,6)-
Glep-(1—, HEER IR 19, = 20518 & J 454 W,
K 20.

¢-D-Glep-1—4-0-D-Glep-1—4-0-D-Glep-1— 4-0-D-Glep-1—
6

!

a-D-Glep-1—4-0-D-Glep-1—6-0-D-Glep-1—-6-0-D-Glep-1

19 J\¥E (8¢c) ZEHE

Fig. 19 Structure diagram of octasaccharide (8c)
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Fig. 20 MS/MS and structure of octasaccharide (8c)
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Fig. 21 MS/MS and structure of nonasaccharide (9a)

[f] 24 20.50 min, 7> 1 & TU&EJ)y [M+Na] B, F%
RAFEEEWR, 30 miz A 241.105 2,

445204 3. 649.306 3. 853.402 6. 1 057.509 9 F1I
1261.358 8 1) B &L 11 F LA J& m/z 9 259.115 1,
463.215 3. 667314 3. 871.414 4. 1 075.513 5.

1279.613 4. 1483.7210 1 1687.8142 %% C Hlu} 7
TR . P omiz 8 259.115 1. 463.215 3.

667.314 3. 871.414 4 F11 075.513 5 ) C #lgy Z 4
B ER 1 HEEE152] m/iz 5 227.088 1.

431.189 7. 635.287 5. 839.389 0 F 1 043.501 5 ]
R T, m/z N 463.2153. 667.3143, 871.414 4,
1 075.513 5 F11 279.613 4 [f) C Muk Z BB 1 #EFr
FRN R 5K 2] m/z 5 415.194 64
619.2914. 823.3986. 1027.4985 1 1231.594 6 [
WEF BT, mliz 463215 3. 667.314 3 F1871.414 4
1) C Bk Z BB T R 1/ FHIEER 1 4r T H
% J5 1532 m/z A 401.178 8. 605.277 1 #1 809.380 7
IRE R BT, miz N 463.215 3 Al 667.314 3 ) C Y

B Z MEFHAER 2 S THERESR mz N
399.163 9 A1 603.264 0 [IREF BT @ITX & T4r
W3 Z U5 T miz N 343.136 1 1 547.235 4
MR BT, SRR BTG 14 & 16
HERMAAETT, HHENZE R 512 12 %
BRI RN 12 E R R R A X M
04X ) RDA #fift. 1Z3AEEH C-1 A7 AR EEIE
WL 1 MEFIEERR 1 AR T 5]
f, DRI Ji s 2 BRI 3 BB E 2K 1 o FHEE R R
A PEIRMWTHE 35X 10n 30 Xoo TR m/z 9 343 F1 547 1)
WER B o HIIE AT nad S 2 BEAN 3 B C-1 bR
TERE, HEZALE ) 14 SR o-1,4-70 2 R
KRG AR, B C-2 Al C-4 kbR, FrLLiZ/LbE
TEAESCRE o IR 2 FEAN 3 MR 43 S A 55 —2,4)-
Glep-(1—, WAME R A FEIRBIEE 24A 1024 Aza 24 A
53 m/z 9 315.141 4. 723.3367 F1927.446 8 [I55 &
14 &8 7 SBFAE MR 85 1, R A 5 B0 b i
35A5. PAs A5, 193] m/z N 533.2590. 737.3577



FEH 2025FE58 $£56% B 108 Chinese Traditional and Herbal Drugs 2025 May Vol. 56 No. 10

- 3443 -

1 941.450 3 IS 14 EHEM 16 EHT RN
RDA ZfRHVERMWE 8o R R A= 5 25 W
04A3, 133 m/z A 505.2253 IR B, FKH o 3C
HEARIR I AR o 3 FEAL C-6 SridEd%. 45 FRTiRZIL

PEIEAE 156, 1—4 Al 152 3E3%, SIS S
DL 22, 2T I R 2 LI 23

(3) 9c: ZSUHEM m/z 41905933 7, {REHHT
(24 21.29 min, 4 BTN [M+Na* B, F%

0-D-Glep-1—-4-0-D-Glep-1—6-0-D-Glep-1—-(4-a-D-Glep-1— ), —4-a-D-Glep-1—

2

!

4
a-D-Glep-1—2-0-D-Glep-1—
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Fig. 22 Structure diagram of nonasaccharide (9b)
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Fig. 23 MS/MS and structure of nonasaccharide (9b)
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24 NHE (9¢) LEHIE

Fig. 24 Structure diagram of nonasaccharide (9¢)
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Fig. 25 MS/MS and structure of nonasaccharide (9¢)
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Fig.26 MS/MS and structure of decasaccharide (10a)
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Fig. 27 Structure diagram of decasaccharide (10b)
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Fig. 28 MS/MS and structure of decasaccharide (10b)
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