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BEXREZEN BN, SHRIERX 4 et EIF M
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R BB A 2 B R A B K 5 TG sR L A R PR
AT O R B, ZHER R R RANMUE R E R 8R, HiE
BRATE, 2R TR A R LU B8 R A T AR ARy
BEA N E R R D S R 2, BT MR, R AT
J& 2 Wl 45 KA 1) 22 S PR ST AR AR A1 %o 2 2E B 2 B AR AR =4 SCFAS,
FUIR AN Y B R 5o, 3E— 0 o B A i M I LB Y s e R it

Jride A RIS R RS B A M N R S BT
fig-Sevage VEMRE . R TAHRIEX M2 HAPS 5k 2 bk
APS. F DEAE-52 [J15§5Z#:4% . FOcurose cL-6B FI HW-65F 4
BEAE Z A3t — 2B 7 S 415 2N MG 2 0 HAPS2a. APS2a. HAPS2b.,
APS2b. HAPS3a. APS3a. ‘ANl LB E 1% AR UE TS dh
AR I A 7 F R, AEWmREA . bk, FE
By ABRBCH  BRREIEIR T = BB 45 M 22 S B R T B B i
BTG IRAE . DA SRS ANKE 201 b 7 5L 1 e — B U 0T 4 o i 2R
A HEAT R A 3%, 18 1 BERR1SON 1€ B BRI 2, SR A HPLC-GFC-ELSD
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FAR U= 45 () SCFAs.  FLER AN P i %

R B EAERAN ARSI TREEXRESKEZ
HAPS2a.HAPS2b.HAPS3a 1 =3 1Hs 2 B APS2a.APS2b. APS3a,
BIA RIS BB o R BURE T B B IR 4 2 2 0% . HAPS2a A APS2a
[543 %5 10009.7 kDa A1 16844.7 kDa, i Man. Rha. GIcA.
GalA. Glc. Gal. Xyl. Ara 415, FHMBEE/RE 7 besr ik 0.22: 1.47:
0.27: 0.22: 2.44: 50.76: 44.62 A1 0.90: 10.05: 1.10: 8.76: 2.05: 33.52:
43.62, PiF1E Rha. Gal 5 GalA fIEE/REL# EAFAE 2R HAPS2a [
FaEFEEH 1,3,4-p-Galp. 1,6-a-Galp 41k, T APS2a )43 EH
1,3,4-0-Galp. 1,3,4-B-Rhap. 1,6-a-Galp. 1,3-0-Rhap ZH k. HAPS2b
5 APS2b 1114 T84 54 5345.7 kDa A1 7664.8 kDa, 3 Man. Rha.
GIcA. GalA. Glc. Gal. Xyl. Ara. Fuc 4%, AHMHIEEIR EH 5 Hesy
54 0.92: 9.27: 0.26: 45.79: 2.02: 15.75: 25.01: 0.98 A1 1.82: 21.41:
1.82: 51.08: 2.17: 11.34: 9.26: 2.91, W&t Rha. Gal fl GalA
JE R Eb B A7 AE ZE R HAPS2b 1) 8 1 1,2,3,4-0-Galp -
1,3,4,6-0-Galp « 1,2,4-a-GalpA 4 # , APS2b 1) 3 &% = # H
1,2,3,4-a-GalpA. 1,3,4,6-a-GalpA. 1,2,4-0-GalpA 4% . HAPS3a 5
APS3a (14> F &4 5N 2463.5 kDa A1 3373.2 kDa, #JH Man. Rha.
GIcA. GalA. Glc. Gal. Xyl. Ara. Fuc ZHp%, AHMNAEE R E 70 Ebsy
59 0.4: 13.8: 0.69: 33.24: 2.37: 22.66: 26.18: 0.66 1 0.25: 14.47:
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1.16: 49.55: 0.79: 11.87: 21.47: 0.44, PiEFE Gal 1 GalA ff1BE/R
Lt 5 - A7 7 %= %, HAPS3a 1 APS3a T 4% ¥ 1,2,3-B-Rhap -
1,4-a-GalpA. 1,2,6-B-Galp. 1,4-B-Galp A1 1,2-0-GalpA ZH 1. Xt 4 Fhas
AT RN TR IR 45 R ], HAPS2a. HAPS2b. APS2b. HAPS3a
A BL AR KA B i (e #EE H, (A HAPS2a 5 HAPS3a Xt LGG
WA KA B BARREE R, B3R 7SN FE 2 % BO #1 BT ¥4 B B {2
ARAEH, R EEEAR. 48R, NR. TRAOAIE, BT
BRI & B AE APS2a. APS2b. APS3a 4, H LGG fTr=A4 ALk
“r 8 IE HAPS2a. HAPS2b. HAPS3a 4% .

hifr: RSO AN M B A TN T2y B Al N AN —
Koy ERVERZHE, SPEERI N T2, PRA Rty b
HHESE T AAEZ 5 « HAPS2a 5 HAPS3a Xf BL. LGG M4 KA
F43 5% APS2a Fll APS3a % ; B K ZHEEE 2 M a4

TR 2 57 5 E A SR A 2 4 22 57 A K

REEE: EAEK: W GHRIE &ATE: SCRA
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ISOLATION, PURIFICATION AND STRUCTURAL

CHARACTERIZATION OF HONEY-PROCESSED

ASTRAGALUS POLYSACCHARIDES AND THEIR
EFFECTS ON FOUR PROBIOTICS

ABSTRACT

Traditional Chinese Medicine theory believes that Astragalus
membranaceus can enhance Qi-tonifying effect after honey processing.
Our previous studies showed that polysaccharides were important
active substances in the effect of reinforcing Qi of Astragalus
membranaceus and the relative molecular weight and monosaccharide
composition ratio of polysaccharides also changed before and after
honey processing. In this study, novel high-molecular-weight
polysaccharides were extracted and purified from honey-processed
Astragalus and Astragalus and their structural characteristics were
further elucidated and compared. Furthermore, their effects on
probiotics and metabolites (SCFAs, lactic acid and pyruvate) in vitro
were further evaluated in order to enrich the experimental basis of

processing mechanism of Astragalus.
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Methods: The crude polysaccharides HAPS and APS were
obtained from the same batch of honey-processed Astragalus and
Astragalus by heating reflux extraction, alcohol precipitation, removing
protein by enzyme-Sevage method and freeze-drying. Six high purity
polysaccharides HAPS2a, APS2a, HAPS2b, APS2b, HAPS3a and
APS3a were obtained by further isolation and purification by DEAE-52
anion exchange column, FOcurose cL-6B and HW-65F exclusion
column. The purity and relative molecular weight of polysaccharides
were determined by UV scanning and HPLC-GFC-ELSD. Their
structures were characterized by UPLC/Q-TOF-MS, Fourier-transform
infrared spectroscopic (FT-IR) analysis, methylation analysis, gas
chromatography-mass spectrometry (GC-MS), NMR analysis, triple
helix structure determination. Four kinds of probiotics were cultured in
vitro with the above homogeneous polysaccharides as the only carbon
source of the culture medium. The concentration of probiotic was
determined by enzyme labeling instrument and the molecular weight of
degraded polysaccharide was determined by HPLC-GFC-ELSD. The
monosaccharide composition of degraded polysaccharides and the
metabolites (SCFAs, lactic acid and pyruvate) were determined by
UPLC/Q-TOF-MS.

Vil
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Results: Three high molecular weight honey-processed Astragalus
polysaccharides (HAPS2a, HAPS2b, HAPS3a) and Astragalus
polysaccharides (APS2a, APS2b, APS3a) were all highly branched
acidic  heteropolysaccharides  containing B-configuration and
a-configuration glycosidic bonds. The molecular weights of HAPS2a
and APS2a were 10009.7 kDa and 16844.7 kDa, respectively, which
were composed of Man, Rha, GIcA, GalA, Glc, Gal and Ara and their
corresponding molar percentages were 0.22: 1.47: 0.27: 0.22: 2.44:
50.76: 44.62 and 0.90: 10.05: 1.10: 8.76: 2.05: 33.52: 43.62,
respectively. They were different in the molar ratios of Rha, Gla and
GalA. The backbond of HAPS2a was consisted of 1,3,4-B-Galp and
1,6-0-Galp while APS2a was 1,3,4-a-Galp, 1,3,4-B-Rhap, 1,6-a-Galp and
1,3-0-Rhap. The molecular weights of HAPS2b and APS2b were 5345.7
kDa and 7664.8 kDa, respectively, which were composed of Man, Rha,
GIcA, GalA, Glc, Gal, Xyl, Ara and Fuc and their corresponding molar
percentages were 0.92: 9.27: 0.26: 45.79: 2.02: 15.75: 25.01: 0.98 and
1.82: 21.41: 1.82: 51.08: 2.17: 11.34: 9.26: 2.91, respectively. They were
different in the molar percentages of Rha, Gal and GalA. The backbond
of HAPS2b was consisted of 1,2,3,4-0-Galp, 1,3,4,6-0-Galp and
1,2,4-a-GalpA while APS2b was 1,2,3,4-a-GalpA, 1,3,4,6-a-GalpA and

IX
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1,2,4-a-GalpA. The molecular weights of HAPS3a and APS3a were
2463.5 kDa and 3373.2 kDa, respectively, which were composed of Man,
Rha, GIcA, GalA, Glc, Gal, Ara and Fuc and their corresponding molar
percentage were 0.4: 13.8: 0.69: 33.24: 2.37: 22.66: 26.18: 0.66 and 0.25:
14.47: 1.16: 49.55: 0.79: 11.87: 21.47: 0.44, respectively. They were
different in the molar percentages of Gal and GalA. The backbond of
HAPS3a and APS3a were 1,2,3-B-Rhap, 1,4-a-GalpA, 1,2,6-B-Galp,
1,4-B-Galp and 1,2-a-GalpA. The results of in vitro culture of four kinds
of probiotics showed that HAPS2a, HAPS2b, APS2b and HAPS3a
could obviously promote the growth of BL, while only HAPS2a and
HAPS3a could significantly promote the growth of LGG. The above six
polysaccharides could obviously promote the growth of BO and BT.
The main metabolites were lactic acid, acetic acid, propionic acid,
butyric acid and pyruvate. However, the content of butyric acid was
higher in APS2a, APS2b and APS3a groups while the content of lactic
acid produced by LGG was higher in HAPS2a, HAPS2b and HAPS3a
groups.

Conclusion: In this study, homogenous high-molecular-weight
honey-processed  Astragalus polysaccharides and  Astragalus
polysaccharides were successfully isolated and purified. These
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polysaccharides were differed in molecular weight, monosaccharide
composition and glycosidic bonds before and after honey processing.
HAPS2a and HAPS3a could promote the growth of LGG and BL more
significantly than APS2a and APS3a, respectively. The differences
between the effects of honey-processing Astragalus polysaccharides
and Astragalus polysaccharides on probiotics were related to the

differences of chemical structure caused by honey processing.

KEY WORDS: Honey-processed Astragalus; Polysaccharides;

Structural characterization; Probiotics; SCFA
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1% (Radix Astragalus, RA) & GRS 1 3 BRI IG I TR, e fid
SRAE (PURAREZ), (EMEGHE F O 2000 4R 75, Al el 5 HoAh 5 2
PO, BN, FIKGRM, ek, AT, Bm 2K
WRB BFE R E R ARG BH A UL LY S

B R R AR E MBI 1, s R EAR A T 2 R B R AT 5
Fe“xbrhai <7 PR, IR T M R . A RO BRI E
PRI AR B8 B RE I AT R, SR RT A R ], B B RKR
VBN JER M UE K SRS ZRY f b o 2 S B RO BRI B E P8, KRG, £
Wi SRR B SR A AT RSy e A T N, B SR AN 2 R
5 HAE B AR TP 22 By B AR T A R

1.2 EYZREMTER

1.2.1 E¥MZENT B4

SRR CEUEES RN Z ST SAEOR . RN TR,
X G JTR AFAE 20 5 B S5 M RAEIE K — 52 1 T3, (R 75 BB 2 3 1) J%
JE T N 5 TAERA, R 50 - M2 RS QR 18 F B JE i k47
PRV i B oy R RN A B ST AR HEAT B AT LABR LN T e, ff A
Sevage 7% (ERIBCHEgAMARZD B8 =45 4R NKA-9 KALW IR & E .
75 2 () 2 08 £ 2@ A R A E AT AT 20 B, A A TR B 1 A AN I R &
DEAE-£F 4 & B 722 #efE 247, Sephacryl S-400 HR #3:Z#12Y, DEAE-Sepharose
Fast Flow /2 #7122, Sepharose CL-6B /2 Hr T ¥e B2, 7EIX Lkt 2 HT 7 B 1
SEREAR, TV A B 2R - B RV SR M e R 4y s BRI B S AL AR B I A
B BmNT SRR S, o FHERL S A B T 4l AL, SRR FE R4l
2 BEH 5y .

1.2.2 {EYISHENEHRIE

5 DNA. EHRELEM R 7, SRR ML UL — 4o
LAY, AFRZAET, SRR R HEA R DNA BAE KRR
SCPA B E S REEER —REEH, SURREL R R AR (1) 2 BERIARRS 2 T R
(2)Z WEI RE AL ()HEME IR AT A RO IR IR TR R L LU s (4) B> PR A2
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WL A BRIR IR A ) D-8 L-F 8L (5) Fpi ik 2k 2 1] (R E B MUy S BRI B 1) o
o BT () ZHEBEM EHEM SCREMIER:,; ()M . W, W
WAL HIESBIRINAL R ZHE— R FRIE T NE R 2, A 2045
Jel . RHIR . RGBT L R RO - B I U - i I
AL ES 73T T, A ROK R SE Bk AL, MR %1k . Smith
B S5 2 Uy k2028, b R A MR ARAE,  H R H A A MR LS80 I e 2
Bl S AAAE = BB 450, T RS (AFM). i T 858 (SEM) 54
RN EE 2k VU I (Alead

1.3 AR R

WEZPE (Astragalus polysaccharides, APS) 255 /K IE W T ) 2 B4y,

VR BT D20 3 R 2 M 45 M S VAT T SCiRes IR B 4582, ik sk,

APS EENrT& 3.2 kDa — 3,388 kDa (M2 24, HUMEAL R — M L HE H 224
(Man), fRZ=8# (Rha), # & FEE R (GIcA), A PEREE: (GalA), % FE (Gle),
FFNE (Gal), FIHifAME (Ara), AKE (XyD, S8 (Fuc). LR, HEif
TR I —Fhai A 15 3] 3 AR AOS, FIELL ¥ GM-CSF 143k, AR
IR 5 ) S e s, (2R 4T M 55 K01 . An-jun Liu 2B 4 °.c¥%
IKFERL, 73 153 12.3 kDa 1) cAMPs-1A, 1] LA Rt AR 47 np 988 /) B ) e 28 1
(et BRI AR D Re . 32 IR /s RN A I bk AR B 40 . Ke L
SR B H A B = AN FEORFE Aps-T1 (>2,000 kDa). Aps-II (] 10
kDa). Al Aps-III (%] 300 Da), ZEitRAEFKA Aps-I. Aps-IIF1 Aps-IILE A A [F]
LR IR BL 2 B AL, HARJETIESEIR R I, 271 R HAR I i
Yo Ke Li SEECUNTE S HI 31 BC 2 Bl b 23 85t PMIRS 7758 APS, APS-I R APS-II
TRy T8 FRNE LU S BRI R S L] B 22 R R YE A 2 08, ARSIy id 1
I8 S g R B, APS-II Eb APS-1 LA B 58 K] R SR S e FIER1S 4 G %/ H - Yameng
Liu ZEBTV\ B R RS2 B — R 2 08 AERP, AT 4% db/db B bR /)N B3 7 il
VX &R, ATESERENIRR A K. AR, L WAP @il k&
CERLER . BRI P25 SCFAs /KT R iaE KRBT AE A
FEVERER . AR AT IR AR, WREE K5, LMy, EX K2
(honey-processed Astragalus polysaccharides, HAPS) [ &: Az B 4H i )
AN 38 A T AR A,

1.4 IpEE
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I AT Z RGN (B4 50 /MK 100-1000 R HY
RABEAERE", SRRl BRE, Mo B LT 0 P P R R A =
-1 B A X R 0 P TR 01, 2 He A SRR 150 501
W B 1 A RS AL, A1 b R SR e, A
SLUELFIIRE, T SN A T . SRR S AR 2, (g
i 7 T % 06 T B A T,

1.4.1 BEEE S HER A

15 B AN o S A 2 0, — el K e R, AL
feges. PFrLL, T R A 00 A B R R 5 i N R TE 3 M DAV A I B 2 2 BE AL R
(43441 N\ A Bt i 26 P B L 2 B PO B K AL B 0T PERE (CAZymes),  WfiEF /K
eI« 22 WAL PR e 0 R A % TR R I 5 5 Bl mT DA SRR B 7K AK 5 P TR PR B
REMEALIE S G (RSN 2 08 7 AR T I TR (1 B B 145 481 2 A g AR OLBORT R
P R FLBN D 25 o R I e 2 AR B ) E B R 2 — o TESE PR T, A
FF B AUSUB AT B R AN [ R e, CUABICEE 20 7t 22 AN 28 B 3L AR R AE T L,
VIR IE RS R A AR, S EUIE BERER ARI AA. EAh, RUSAT T
il B W B A SR REE B s Tee, = H T AR AT
o N B s A i 2 — W, BRI, KX (BL) AR AL
W (LGG) B WIHEMAENX RARMAE /1, BT E R HEHEER
FEYNE BCR, BWINE S E K HEl, LGG 1 BL nlfEHt Thl A5 [ M,
BEARES IO BRI e M B AR s A, BL AC 2 5 Al HEAS B T vk 22 1A R 32
HAA, M SERE il e P Aol T B2 K N AL R, B 2 FPok
WAEMARGIER, w2 PN, R KRN . 2RO &
Halg, wTLAREZ R B-IERM SN ENEE, AR B KA E YA e
505, ZILHATBE (BT) al@alikb i TLRO NS R AR, FH1EET
B FEMERRDY; 5340, BT AT LLERE 55 2808 iy 18 20 23 (0 Z B AR A0
T AR AR CFIHLE] A CDA'T 4HM B /A1 LRI 25 W 2 SR, K E
AR, GUTERIAT B (BOD 7E [ B Ak 2 M A= K 11 R B RE 5 {1 3k A 25 A= 1A
AR KBS, DL HRIE IR, 7E B RN XE DL A RIS 2 B T LA K i i A R
W, IR A TE AR ) R B e RGO FUAT R OUBRT B RUUT B TE
KA E DRI R R AT S o EERER . AR ATHAT R, HAPS T+
TG, 8505/ RIS AT B & 5 FUAT B @ A = Rl

1.4.2 BpEEEKE~

o iE AR R AR 2 VR IS re A LR, E R AR . WA T RS m et
R (SCFAs). FLIER AT B IR AR ) o
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SCFA "L RZs it tihae i, 4EFF bR prRTRe, Rt bR ssE, sk
(1) G2 s 798 b gk, SCRA mT il Jee 40 B G 51 I 75 S R T 4H B AR T R 4 7 7
B PRI RR P SCFA = AR v] LU I P i TE pH 1E, W] RSB R B i i )
REAEKSN, HHREHE, 4RiES RA W ISR A=A 12 3 B 40/ 1gA 724,
VA1 G N 2R i pH SR BRI, T AR AL T AR
MRS, AR T AERENEAT, AR T BUREEE P R FHER . B
T W BRSNS R ) CBRIE T LA N T R e w6288, 2 BRiE I P [F]
VB T A MERLYE B AN 1LC3s SRARHE1E 3= 5 A HMEAR B 1 56 R Hofis S v 1641, 75 i it e
v, PR S A0 M P B4 e A S S i T L R 4 1ECS A s 4 i e A A
sz, NERFI £ FRIE IS FFAR2 {5545 ILC3 My sk MGz shit. T
TRIe 4 A B Re sk, el b ARt ae mok e A R, 5
BAR 45 B i R AU A D2, tedh, TRl Id FFAR2 Al FFARS il CD8'T 41
FAC Az, HE B AR B I e % T RES) . FLER vI 4 v E R 2 I A M Th e . A A
RRFEE v AMATE M, ATt 7 T a0 i s 5E UL g b 2 gl e sr4k, =5 1SC
NS0 bR R B REALD, ghAh, SCERIE, RpTE AN A I PR A
PR R I 25 5 GPR31 /13 (10778 CX3CRLZH i (11 FE0R 52 S 18 5 G 2 I 25
(68691, DL I HRIBE AL I T Rl B AU P 008 2 B AR R T g ek, e
e B e
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FZRAE R, A e A b 2l S E B A PR, 5 I 1
AR YIRE RV, HTHIRT AR, AR 2 B AN TR I 2 3 .
BEAh, WEEKATAE, 2R TR LR R B R A T AL HAPS B
25 i 9 /N RS ZY V) S REREIR AR FH AT APS, &A1 THE 5 1 1) TR A b 28 B AT AREAR
WY BB —E 2R, HAPS LEM A SRR, 2y
WA, AR S HUAR B e R S REAR G, 1T il B A v] AR S e sh & 11T %
B N AN ORI 1 10 S0 SR ARAR 2%, AEYERF (R BRT Tke o R R AR . 2
LR PUE TR — B, 45 A U AT I SO, A TRAEURE 2 B Al Ak A iR
KA SN, B RIE, WEREKHEZHEMNER . IEX
BN 22 W AT SR BN 2 BV D TR A T RO ME— B, R T EATIAE ARSI 1
FUAT B BB B 1 S e AT AR = 5, 32— 20 B e B
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RERRSEMNRRSHEN BN

2% %

N

2.1 515

HAPS & % & B s 3 KA MR 73, (H72 H RTAT HAPS [ RS RIE 7598
B NTHE— ST HAPS 5 APS TESS MRS EI S, AR [FIHLIX
(12 5 TS 5 B A M AT KRR FREE . BT TS E T 4 T-HEREAE
JENTETT I, BT —4RESITH LKL, 53— /5SS ESAER SN
K208, a0 S5 M RAE B8 SLIR FEA .

2.2 5 E

2.1.1 SEHRSIAFH]
#* 2-1 SEERRLE R

ARV 44 B AR

AN Solarbio A 7]

O G250 Solarbio /A ]

A 1iE A EE Roche /A ]

H AN JEH R AE R R A F
TCK A % R bR %[ Sigma A F]

414 % DEAE-52 Pharmacia /A 7]

Focurose cL-6B e B E SR A R TR A
1000 Da iZHT4E SR RECE R A
100 Da #EHr4% MYM AW A 7]

Foty Saed A A AR A GRS o et W BN IR RE B S A R A

2.2.2 5%

[ —HER ) B A e SR B 258 (LS. 160902) T M =45 25 TR A
A, &S IRARIR T Mwﬁﬁﬁ&”” FERAEI T RARER ZH 25T
KA

2.2.3 SCRU{NER
R 2-2 TRBH T
IR AATR Mg IM 5 G

BB ETEN Alpha 1-2 LD Plus 5 [E CHRIST GOEMA A ]
6
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B 2-2 KRRE R

BH-A] WA T DU-800 % [ Beckman /A ]

TR R T35 X 2695 3% [E Waters A #]

ELSD il #% 2420 % [H Waters 2 ]
SR TDZ5-WS KIDWBAL A PR 7]
B Fe 2 2500 AL FRESCO17 Thermo 2\ ]

IR AUW220D SHIMADZU /A ]

AR Arium611 UV it ] 5 %2 ) 457 A 7]

SRILE S BSZ-160 ISR A IR A R

fE R HL-2B TR BT AR AT B A

2.3 SEWHE

2.3.1 HZEHHE

500 g 2K B BG4, I 4 L 70% L[ 80 °CHEAT IR FEHL, A3 R HEH A i
24 1 h CHEE—RM RGBT, SRR ECh 3 &k, PR E RE T LR E
FINRRE NI . CREEERE, T 2E, HRRE R, Rk
1TKEE, &I =R R KSR AT ORI e . FrRkGaiiA H G, SIgmA
ToK LR LBER K 70% GAIiAiEE), 4 cCOKAEFREDT 12 h,
BEYT G VT 4500 rpm B0 5 min, W T2 U00E, RIS E XM 2. ([
—HER I B B 22 0 TRV 49D

2.3.2 HZHEHNRER

PREX 1 g Bk s 208 Tair EHETE I, IO 1L & F/KA S EME,
PINIE B A AR [ {6 5 265 0B 5 1408 1600 Ulg, 7873 #2515 60 °CRigAH 5 ho i
fit )5, B 200 mL Sevage k7l (IE T EE-RAG=1:4, viv), HJIPRHE 5 min J5,
4500 rpm .0 5 min, FFEEEHVOELTAELE; B8 ERPRERAETE
HHZEEARN K. BREOENZHERET RS, H#ER 71575 1000 Da
ENT R T LB T /KFEN 48 h, BB HTEEEI1S HAPS. (APS A1)

2.3.3 BB ESEL

DEAE-Cellulose 52 [ ¥ 22 4% 4 % . HX 0.300 g HAPS 58 APS 7870 1% T
10 mL £E 17K, 5000 rpm B0 5 min J5, WL W EFRE, LA 5 min EE5E
BV 7 mL (R EE, RV R 0.05 M. 0.15 M. 0.30 M NaCl ¥k T ¥k
fit, 2RI - BV Y € J5 T8 Ah-1) W3 0 BETE 490 nm A sRIBOGAE, Ll

7
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el th £k .

HAPS 5 APS ffj4fift: X 0.0030 g 4 DEAE-52 # &5 2IHAETFES, 7
ST 1 mL EE-1KH, 12000 rpm a0 10 min J5, WECEBEH ERET
FOcurose cL-6B #t/Bi At s HW-65F i #:, 25 1 /K ¥, £F 15 min $2H 4 mL
e -

2.3.4 SEEER S FENE

BRI BB S (HPGFC) %: ] HPLC-GFC-ELSD 246l 22 B A i 1)
gERE Ko, BRI FOcurose cL-6B B HW-65F k17> B 43 3 A5 1 mL,
it 022 um JEME S . i Ak S IR A AT BT R, il AT
Polysep-GFC-P4000 (300x7.8 mm) Al pre-Column (35x7.8 mm) HEE; shAH:
aiyk R RD); Js: 0.4 mL/ming #iE: 30°C; #Ef&E: 10 uL. ELSD £l
PRI RRME: 10; A (N2) JEJI: 30psi; FALBRE: 60 °C; EBAEEE:
100 °Cl. FIECHIAE N 1 mg/mL 1A [F] 43751 Dextran 5 SEMH bR i S AR (O
T4 AN 27, 50, 150. 270. 410 kDa), F:LL HPLC-GFC-ELSD #:ill T3 i)
TR BT BB ALR SR, 0T R BN AL bR 2 1) 8 S AR i 28 . AR S 2 B
1) O B Bf TR AN A 7 1l 42 28 2R H AR 70+ i &

SR O K2 Bod 0.5 mg/mL ) HAPS ¥, 144070k
JEEETHT 200-400 nm IR K TG FE A AT B R

2.3.5 EEENE

AT BRI BT RS B AR ICT R O K A ET B bR &G 0.0100 g, IIAE
B/KIFER S 100 mL, FA-RES], 19UEEN 100 ug/ml 75 % BEAR VAT -

el R 22 K528 H 0. 0.1, 0.20. 0.4. 0.6. 0.8. 1.00. 1.20. 1.40.
1.80 mL i & A AR AW T ZEE T, A BB TR R 2mL, A E 1
mL 5% KMy TR &, o1 EREMA 5 mL IRERIR, E% 5. R
IR P AN-1] W6 BT 490 nm K AL IROGAR, LU 5 0 ik 1
REALER, 490 nm AR OGAR PN AA bR 25 il 1 it 2%

BB B R0 5 < R S5 FREN 2 B RE & 0.0200 g, TN 25 38 K I E A & 100 mL,
FATPEAIEEL 1.00 mL FRE N, FebrifE il 2R ) 5 0 — BUNERAE, TR 20

IR 25
2.4 LWHERSTTHE
2.4.1 HAPS %0 APS B4y =461k,

PR ZH AT )5 5T HAPS 1 APS [P4y BS 4alifh Bk 4k, ASHIF 9% S 78 itk 3
8
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fili Bt B s T2, BRI

R 2 P24 DEAE-52 [ 7283 2 A0 &, A R M- B Bk AT
BERPE, T 490 nm BN E HEIMRBOGEEE, Zmldeiith &gl 2-1
FiR. 430844 0.05. 0.15. 0.30 M NaCl i el 7y, Wik fir 4 N HAPSL,
HAPS2 I HAPS3, LL4rF# &~ 100 Da BN SRRk T4 M. GREZ
B APS1. APS2. APS3 [EliE/rEHI45).

402

401
14

\/\/w’ _\"\-J

T T T T T T T T
20 40 60 80 100 120 140 160

Abs at 490nm
Macl{mol/L)

0.0

APS
MaCl

=403

402

<4 0.1
14

.

Abs at 490nm
Nacl(mol/L)

0.0

T T T T T T
60 80 100 120 140 180

Tube number

& 2-1 HAPS F1 APS [f] DEAE-52 /= #4455 3k i ith 2%

T HAPS2 5 HAPS3 15268 15, #uk#k HAPS2 5 HAPS3 AT 4,
15 FHBER AT M 34T N — 2B B0 4> B 4tk . HAPS2 4 FOcurose cL-6B AT E T
BB 4alith, LLZE TOKBENL, KHE HPLC-GFC-ELSD it &, ¥ malifE i)
Ve & IF, BRI EaiE 20 HAPS2a 5 HAPS2b. HAPS3 £ HW-65F i
FEMaith, 53—/ malifE 2 HAPS3a. (APS2a. APS2b il APS3a [H)iZ: i
COR

KA HPGFC AT 28 R IR RARX 23 F BB 5E : &5t Z M 4liAb 145
f 7S AN K 2 B4 ] HPLC-GFC-ELSD 3% 47 &l J& 56 41F K AH X 40 1 & I 52 &
HAPS2a. APS2a. HAPS2b. APS2b. HAPS3a. Al APS3a 1 Rkt fis o i I
Kl 2-2 Flro, &ANKG 2 B8 1 TS 35 09 B — X FRig, 21 HAPS2a. APS2a. HAPS2b.

9
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APS2b. HAPS3a. 1 APS3a ¥ N —H 20, 2SR G . B SR ih 2k
WK 2-3 fian, HIO7REN y = -0.2898x + 10.507 (R2 = 0.9808). #1122 i 1 {5 B4 I} 1]
AN B E BEERRAE M 28, 21545 5] HAPS2a. APS2a. HAPS2b. APS2b. HAPS3a.
A1 APS3a IAHXS 4T84 % 10009.7 kDa. 16844.7 kDa. 5345.7 kDa. 7664.8
kDa. 2463.5 kDa. 3373.2 kDa.

A A B
jg
\,r/r."-
C D
E F
G H

K 2-2 HAPS 5 APS H =kt iR (it 8 (AL B R Tk 20, B, Pk 2 HE, C. HAPS2a,
D. APS2a, E. HAPS2b, F. APS2b, G. HAPS3a, H. APS3a)

y = -0.2898x + 10.507
R2 = 0.9808

log (1EXMAFRE)

15 16 17 18 19 20 21 22 23
RERE (min)

B 2-3 ] JEBE AR 24

HAMRWBOEIEFKBHERNZSHEESSHEEL. BBRES: HAPS2a.
APS2a. HAPS2b. APS2b. HAPS3a. Fl1 APS3a [1]4E 7 Uk o' 1 i K- 41 4 B3

10
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K 2-4 7~ . £E 260 nm A1 280 nm Ak W IS0 k% R 5 B 15 KRR IR AT g 121
HEE (& 2-4) 7T ULE 1, HAPS2a. APS2a. HAPS2b. APS2b. HAPS3a. APS3a
1E 260 nm F1 280 nm Ab34) 75 B TR UG, 28 B X 7S AN 22 M R A AN &0 2 1 A
IR -

064 204
HAPS2a HAPS2b
APS2a APS2b
1.5+
0.4 4 \
@
o
§ £ 1.0
g 8
502 8
< g
0.54
0.0 004
T T T T T T T . T 1 T T T T T T T T T |
200 220 240 260 280 300 320 340 360 38O 400 200 220 240 260 280 300 320 340 380 380 400
wavelength (nm) ‘Wavelength {nm)
21 HAPS3a
Y APS3a
104
A\
A\
\
3
(=
@
2
Q
2
=<

200 300 400
Wavelength {nm})

K 2-4 HAPS2a. APS2a. HAPS2b. APS2b. HAPS3a. APS3a [{J4E 4k K41t
2.4 2 BEENE

AN TR B 10481 T W A A it 22 an 1] 2-5 B, O #E8 y = 11.745x + 0.0157 (R2
=0.9993). )5, T 490 nm AbIE BTSRRI, AN B EbR AR BT 4
H 2k 5 R 45 %) HAPS2a. APS2a. HAPS2b. APS2b. HAPS3a. APS3a
Bk A B4 N 89.1%. 87.2%. 87.5%. 86.2%. 88.7%. 87.4%.

1.2
o 1 y = 11.745x + 0.0157
= R2=0.9993 .-
8 0.8 .
=
8 08 g
5 04 .
< 0 o

.
0

0 0.01 0.02 0.03 0.04 005 006 007 008 0.09
Concentration (mg/mL)

P 2-5 ) %) W AR h 26

11
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2.5 RENG

KR KREIOEG R E X M KA, adkEA.
DEAE-52 [ & ¥4 # K2 H1. FOcurose cL-6B A1 HW-65 Btk 2 41 73 25 4l Ak 75
FIANAMEZHE HAPS2a. APS2a. HAPS2b. APS2b. HAPS3a. APS3a, %4MK
WIS KRR XSS Z A SR S E AR, HPGFC KB 1A
¥j—ZBE, 4> 784594 10009.7 kDa. 16844.7 kDa. 5345.7 kDa. 7664.8 kDa.
2463.5 kDa. 3373.2 kDa, AMEyfifikillfF eI S BB E, 70008 89.1%.
87.2%. 87.5%. 86.2%. 88.7%- 87.4%. FTE Lo Baift L2%0E, 5 T#AE,
HITZHE&uE 2-6 fix.

EXER
3

e E

70%Z 88 B,
B®ER

A\ J

HAPS (54.9%)
APS (39.7%)

DEAE-52

0.05M NaCl 0.15M NaCl 0.3M NaCl

A 4 A 4 \ 4
HAPS1 HAPS2 HAPS3
APS1 APS2 APS3

CL-6B HW-65F
Y A 4
HAPS2a (89.1%, Mw=10009.7 kDa)
HAPS2b (87.5%, Mw=5345.7kDa) | HAPS3a (88.7%, Mw=2463.5 kDa)
APS2a  (87.2%, Mw=16844.7 kDa) | APS3a (87.4%, Mw=3373.2 kDa)

APS2b  (86.2%, Mw=7664.8 kDa)

K 2-6 HAPS 5 APS [7r B4Rk (35 T a0 & mRR 2R S &, Mw A 27

)

12
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E-E ERXRRRIBENHREKDENERIE

Ul

3.1 515

ZPERI G 5 IR AR R B IR, MR AEYEE R RIRE, B
O TR PR ORI T R AR P2 AR R B AN B LA AT B RRS 2 HE HEAT S5
RAL, WHAEAREA . B RASRA, PR, =BRieRE, Na
BEIR) e DR L AL B R AT DA R B VG B R S R 5 T ) 2 TR R 2 e S R AR R S
Wil . AT 2 BE ARSI QA 3-1 s
HAPS2a, APS2a

HAPS2b, APS2b
HAPS3a, APS3a

N p

Geirmmesn) mam;-g
| SRR . B EEARAR
A . __.//,: .\\"--.._ ____../' \» B _.//:
R [
@ RLEKRE @ RERR
po @ BEL @ KBriER
PMPGIES OZHHL @ D,O%HE
@E2EIKER
| v |
UPLC/Q-TOF-MS GC-MS FT-IR, NMR
) Q@ ©
00 ¢ -4 1-@-3- & &
1-201-2 O
ec e 102 O 01220 &
1- B =1- -G- . Q
o A @ ¢ n-4O1-40n-24 1
% Q
o 3
I |
|
¢ o 4
o HEmE SO S
o 3w T
¢ egimes Ot-2-a-On-2-a- O1-2-0- g -2-0(-91 2-0-O1-2-0-@
® o v B
o M g 9
o wEH 5
0w Q Q
A R v
o
b

K 3-1 ZHEH)— A RAL T 2R

13
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3.2 M5 &

3.2.1 SIHHR SR
* 3-1 SEIM RS R F)

SRS 1R 44 FR CVRI I 3
ZEIIK 7 e R OB R A ]
K LT IR R T AR A PR T
LR H[E CNW RHE A A
#HK g AR PR A F
s (MS ) [ CNW RHE A A
FAHERRE i REFCEMHARAGIRA
i 27 Solarbio /A #]
1- 4 5k 3- H K -5- AL Ak Xiya 171 A B 2 7]
=ZROR g AR AE AR A TRA
HEE (MS 47) EE CNW RBHE A F]

3.2.2 LR

32 WA

W& AR S CV I
UPLC/Q-TOF-MS 43 #71% Q-TOF micro % [E Waters
VAN RAR o oy a2 e FT/IR-100 PekinElmer /A 7]

WEkt 2 R A EYELA NVP-1000 AR B AL AR R A
TR AR AV-500 Bruker /A ]
I s B O pL FRESCO17 Thermo 2 =]

S W & I ERE ke JSM-6330F H A H-F kot

GC-MS Trace 1300 Thermo A &)

3.3 KA

3.3.1 BREEBME

LR EBKMBR N : 2% F & HAPS2a. APS2a. HAPS2b. APS2b.
HAPS3a. APS3a 7% 0.0010 g T ZEB A E T, MANKEN 4 M HN=F L%
(TFA) 400 pL, MEFTARIFHEEE T, FHBEOBRESE, BT 110 °CHil
T AT IR K AR I 2 ho T JE B ABCR S A B SRRV, SO I I

14
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FFIRTLABR 225 B (1) TFA.

SEERKBEMMATEMRIL: ARSI R 1- 2K 5 -3- F 2 -5- 1k w4 ik i
(PMP) BEATATAEAL RN, . BARL A 7EaMKM G HAPS2a. APS2a.
HAPS2b. APS2b. HAPS3a. APS3a £ #li#F i H i\ 500 pL ¥RFEH 0.5 M (1] PMP-
H BT, T B P 5 B F 70 °CoKyd s I8 30 mine 1 J& &K ACK:
B NIRRT, AR EE =00 . &EMA 1 mL HEES#, 10000

rpm 0> 10 min J5 L _EIEWAE UPLC/Q-TOF-MS 73 #f.

UPLC/Q-TOF-MS 43#7: ffit #+ : L ACE Excel UPLC C18-PFP (2.1 mmx100
mm, 1.7 um), LA 0.05%ZF8-20 mM Lg% (A) -ZBiE (B) NI s AT #E
Wi : 0-16 min, 20% B; 16-20 min, 20-50% B, 20-25 min, 50-95% B; 25-26 min,
95-20% B; 26-28 min, 20% B. #:FE &y 5 uL, Jii#E v 0.30 mL/min, ¥ 30 °C.

BT HEm B UE (ESD, AN IER T, B4k 3.0kv, 4t
FLHLE 30V, HiFERE (CE) N 10~40eV, B TIEIRE N 100°C, FES (N2
A 50 L/h, BRIAFIA (N2) Jiii# 500 L/h, & R TEH N 400~600 Da. %
Pl B-MiHERL (leucine-enkephalin, ESI*: m/z 556.2771) A IEW, HimiE A
0.01 mL/min. Masslynx 4.1 R 4/E S s U 45 5 Ab

3.3.2 ZISNKIED R

K2R EL HAPS2a. APS2a. HAPS2b. APS2b. HAPS3a. APS3a % ¥HFE M
0.0010 g 4371 150 mg F KBr SRR AW, 784> T4, FE B rh A8 4t
YeiEAAE 4000-400 cmt (3 Ky [ N F9 4 .

3.3.3 BEITR

¥5 2 HREL HAPS2a. APS2a. HAPS2b. APS2b. HAPS3a. APS3a 7% 0.0200 g,
SEAVEMT 10 mL Z&18K T, N 250 mg 1-3F C 3k -2-M bk 2, 3 pk — 3V i ht B
R (CMC), H 0.1 M HCI ¥ pH 4i:F7E 4.5-4.8, ##HE 3h. 7E8: N K1 60 min
NN 10 mL FrEEAD B U EE A 2 M ) NaBHa 15, 313 F 4 M HCI 1 pH
YeFFfE 7.0, HEFE2h 5, M8 0.0 M HCHATY pH £ 4.0 L& LB N . 1M 5158 1
5y FHL B B 1000 Da HIEMTARAE 22 B 1K ENT 24 h, R TR EEIRZHE.
WA RS PR E S IR B REE R w4y, B REE 5 2 HiFE & HAPS2a-R3.
APS2a-R3. HAPS2b-R3. APS2b-R3. HAPS3a-R3. APS3a-R3.

3.3.4 HEALK GC-MS #f

KRR BN 20T RE 5 HAPS2a. APS2a. HAPS2b. APS2b. HAPS3a.
APS3a KBTI R AR JF AL S HAPS2a-R3. APS2a-R3. HAPS2b-R3.
APS2b-R3. HAPS3a-R3. APS3a-R3 %% 0.0050 g T 50 mL [&JELEM A, A 5mL

15
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oK ZHE A (DMSO), w7 A, HRIFEM WM. K 600 mg ITRA
FALTNINA RS 5 mL ¥ DMSO H, A5 FH 3 35 ks LA B 1ok AS i I N 21 5 JeS
Petirb, ks ALEE 1 he SR)E, B 0.5 mL BLH e (CHsl) 75 BREIREE T 2218
HRINESYT, A 10 min, EEX IR, BEEALE Lh. 1hEN
A 2 mL ZEM/K BT L L RB . TSN 2 mL &G 3E T 3EHG, 4000
rpm B0 5 min J5, BEE. 2 mL ZKGGEEDENIR, RERENE
HHAT FT-IR 0, il 2200 2 5 W R 2 5 784

SEA L Z MR S EEF2 4 50 mL KBRS, AR TG, mE
AN 4M TFA 400 pL, 7E 110°C yH¥ 8 /K AE 5 he MiFEEAWRZET, A 1mL H
B, BRET, REZIRCABRZFRE R TFA. BEJE A 1 mL 25 -F/K M1 20 mg
NaBH., F7F 40 °C/K #3144 &% B 30min J&, JI\ 100 uL VKESER 4 1 i SR )5,
RN VEBAERE R R BT N 1 mL B, Z2%wET, RE=WE, A
2mL EBEAT 2mL ZFRET, 7E 95°CitiAR I B 2 NN R IR IR AR £ T . LAk
FEaVA T 2mL &0, ARG H 2mL ZEMK s =ik, mAWNENE, EER%
R K& 2 0.5mL, 1E GC-MS il .

GC-MS 73 #fr: it %% TG-SQC #: (0.25um, 15mx0.25 mm), %L AL THE
80°C #4+F 1 min, LA 5°C/min J1 % 280°C. FiEE 15 A El, #/ N 99.999%:
AFR, WAREN 1.2 mL/min, HEFEEN 2 ul.

3.3.5 %uHIRD

FREX HAPS2a. APS2a. HAPS2b. APS2b. HAPS3a. APS3a % 60 mg,
A D20 600 pL, EZFAGETE, KE=R. sk EN7Rm0 %A 600 pL DO
t, B0 JEEL EIETR, 7E Bruker AV 500 MHz A% REFLHR IS AN 58 % 22 BERE S
'H NMR. 13C NMR. HSQC & HMBC it

3.3.6 FAWMBIEDH

W3 B 2 MR 20 9l 2 ST M RE FERE B 6 B AR e b, RS B A A Ak
S HAE E e SHIE, 78 15 kV FIHE FIEEREN, &5, RIS 2 HRE UK
1000 1%, 5000 11 10 000 £ (K1 &5 44 B4

3.3.7 =RRIBRELEHNE SEIE

ALK FNIR 20350 %2 HAPS2a. APS2a. HAPS2b. APS2b. HAPS3a.
APS3a J& {5 B A = RIRe 414 . FARERVEWR . Ko HAPS2a. APS2a. HAPS2b.
APS2b. HAPS3a. APS3a 2l iid i, 8 HIKE %24 500 pg/mL; ZR/5HL 1 mL
LRSS ARBUREE N 50 uM FINIR LU, A5 SREAR AW AN
ANIKES LM AR, SR 2B 05 04 0.1, 0.2, 0.3,

16
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0.4.0.5. 0.6 Mo PARISRZLIERAE s A xR, £ SR 40 436 6 B 1HTE 400-600 nm
FRAEE N I TEHE, IR N BRI K. e, PAEEALENTIIRE N
MEALAR, BTG N PR B KR SO R N AL B, 2] R 2R 1

3.4 LWHERSTHL

3.4.1 ERBRSEMARK SR BREAR T

ARSI 2 WA RS, RA PMP RERTATAM T, &
UPLC/Q-TOF-MS il €, AR5 & hrdt S gm0 b, MR — mdEmT DoH 5
HH X s B 2 TR] Y BE R B 40 He . HAPS2a. APS2a. HAPS2b. APS2b. HAPS3a.
APS3a [ FUpi A i B 1 it i 3-2 firas, 45 RN, ANAYE SR ORI
W, EAVENESR S TLTF—3, FESH Gal M Ara, HEH/DER Man,
Rha. GIcA. GalA 1 Glc, B4, HAPS2b. APS2b. HAPS3a. APS3a it &4 /b
&1 Fuc, HEENHERASHAERZER (K 3-3).

HAPS2a 11 APS2a ] Rha & &% #E K, 708 1.47%%5 10.05%. 534t,
fAIIE Gal A1 GalA fEE/RH 4r b2 MW ERKZE R, HAPS2a #' GalA #1 Gal
) B 7R 43 B4 318 0.22%F11 50.76%, 1 APS2a H GalA il Gal (1) B /K 1 43 b4y
5N 8.76%F1 33.52%.

HAPS2b 1 APS2b [#] Rha I Ara /R H 73 b 2 BB ZE 5+, HAPS2b
1 Rha £ Ara (B 2K 7 43 Eb 23 A 9.27%F1 25.01%, 1 APS2b H' Rha £ Ara £
JEE IR A 43 HLar N 21.41%F0 9.26%; BhAk, EATIAE Gal 1 GalA [IEE /R EH bz
[t 5K ZE 5 HAPS2b 1 GalA 1 Gal 1 BE /R 43 Eb 7351l A 45.79% A1 15.75%,
1 APS2b 1 GalA 1 Gal /K 1 73 bb 7373y 51.08%A1 15.34%.

HAPS3a 1 APS3a '] Gal F1 GalA HJEE/R H 73 b 2 [A A K % 5, HAPS3a
H Gal F1 GalA 1) BE /R T 73 Eb 2 il A 22.66%F1 33.24%, 1fif APS3a ' Gal 1 GalA
[ BE IR T 43 H 40 3l 9 11.87%7F1 49.55% .

FHOCHIF AR, bR T 22 M7 M i) 1 Ik R mp R A S ) A A T 3 502 0 11 B 4
RS RAAATETEL, R, FRATIHEMN  HAPS2a fil APS2a. HAPS2b F1 APS2b.
HAPS3a 1 APS3a ix &8 2§ (1) LU A5 1) A8 4k 2 B T3 & P s i i 1 H., (B3 &
A2, XANMEZ PRI 2 Gal &Riim, AmZhn GalA &
By, DRI AHE I 4 5 mT DA~ FU PR I R 4 A0~ 2R
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30000 4
Mannose Glucose
Rhamnose . Alabmose Fucose
1 Glucuronic
acid Galacturonic
20000 irafieitamza Mdd
10000 A \ }
HAPS2a N
0 4
APS2a A A
T T T T T T T T T T 1
0 2 4 6 8 10 12 14 16 18 20 22
Retention time (min)
30000 ~

Mannose Glucose

] Rhamnose Arabinose Fucace
alactos
Glucuronic
25000
Gala:tummc

| mamEceEEg ac.d
20000

] iﬁ:\l’szb A

10000 -
5000 -
1 APS2b
or+— 77717
0 2 4 6 16 18 20 22
Retention time (min)
L Mannose Glucose )
Rhamnose Arabinose  Fucose
Glucuronic alactose
30000 acid Galacturonic
RATTELEMGR acid
1 A
20000
inpssa e A k I||| A
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K 3-2 HAPS2a. APS2a. HAPS2b. APS2b. HAPS3a. APS3a [{] PMP FERIATA AL
UPLC/Q-TOF-MS 43 &3
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% 3-3HAPS2a. APS2a. HAPS2b. APS2b. HAPS3a 5 APS3a H & B 4H 1% B8 IR 1 45 Lk
BN R EE IR E A b (%)
Man Rha GIcA GalA Glc Gal Ara Fuc

HAPS2a 0.22 1.47 0.27 0.22 2.44 50.76 44.62 ND
APS2a 0.90 10.05 1.10 8.76 2.05 33.52 43.62 ND
HAPS2b 0.92 9.27 0.26 45.79 2.02 15.75 25.01 0.98
APS2b 1.82 21.41 1.82 51.08 2.17 11.34 9.26 291
HAPS3a 0.4 13.8 0.69 33.24 2.37 22.66 26.18 0.66
APS3a 0.25 14.47 1.16 49.55 0.79 11.87 21.47 0.44

7E: ND RoRAKEH
3.4.2 ERXRHRSHEMAEZENIINGE ST

HAPS2a. APS2a. HAPS2b. APS2b. HAPS3a Al APS3a 4L #M itk in &l 3-3
fin, HETLLES], 7F 3376 cm™ (HAPS2a). 3381 cm™ (APS2a). 3390 cm'
(HAPS2b il APS2b). 3387 cm* (HAPS3a) A1 3375 cm™ (APS3a) Abf5&mK IR
WA O-H HIMgaiRsl, HiXPiAN i AU 58 HAl, EIREREH 1) O-H 2 LA
T 2Z A GG AOIRSAELE , A PAlE & IR AEEN®); 2934 em? (HAPS2a). 2939
cm? (APS2a). 2936 cm™ (HAPS2b Al APS2b). 2922 cm™ (HAPS3a Al APS3a)
TR C-H HIHRBNR S UG s 1K 1 U 2 W 2150 i 1y S R e 771, 1618 em oAl
1419 cm™® PRHIT UG 23 53l A I TR BRI A I 4 4k 2, % BH HAPS2a. APS2a.
HAPS2b. APS2b. HAPS3a fll APS3a H/7{EHEREIRIZC), AFREZHE, X5 5k
H R —%. 1072 cm™ (HAPS2a). 1104 cm™ 1 1020 cm™ (APS2a). 1088 cm™
111009 cm™* (HAPS2b). 11048 cm™ 1 998 cm™ (APS2b). 1135 cm™., 1086 cm™
11028 cm™  (HAPS3a 1 APS3a) Ab I g e, 2 BH 7S AN K 22 B 350 25 A L R i 24
781, 894 cm™® (HAPS2a). 893 cm™ (APS2a). 892 cm™ (HAPS2b). 899 cm™
(APS2b). 895 cm™ (HAPS3a fll APS3a) AbWR i, FrH p AL RYBEFF )
F7E; 635cm™ (HAPS2a) #1639 cm™. 545cm™ (APS2a). 647 cm™® (HAPS2b
AT APS2b). 543 cm? (HAPS3a). 537 cm™ (HAPS3a) AbHM g, M a i)
BB SR AERA, Rk, ARHE DL g5 R, PTLAHET HAPS2a. APS2a. HAPS2b.
APS2b. HAPS3a 1 APS3a 5 9 & A B AW BUREH A o 14 BUBE H 3 (M R 1 2 4

EZ/LE
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3.4.3 ERARSEMERXSENRE KA GC-MS 4

T A B A AR B SRS ZRE S IR IE 2 0, FE3HAT W EAL AT, &
BT R I FATIEIR . SR )5, ¥ HAPS2a. APS2a. HAPS2b. APS2b. HAPS3a
A APS3a K EAMIHREE 7 T84 HAPS2a-R3. APS2a-R3. HAPS2b-R3.
APS2b-R3. HAPS3a-R3. APS3a-R3 T8 & L B . HEIL TR EE S
PERE SRR — PR BT B, EAR BBV LI A R, H B RIE 2 HE L)
IR TE A . AT ML R B G, ATARTE 20 AN i A A A A 75 F 24k 58
4. HE 3-4. B 3-5. K 3-6 TLUEH, ks 2 0E R HRILAE J5 7= () R Ok
= b E S R 3200-3600 cm™ Ab i FR S B AT 2%, 2930 emt b H B A
g, KICOH TS, AT R SRR .

Methylated HAPS2a —— Methylated HAPS2a-R3)
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64 o ‘/Jﬂ 160 -
= 62 -
'é; é‘i 140 -
b
g S
2 g
E . £ 4204
E 534 £
a w
s c
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Wavenumber (cm™) Wavenumber (cm™)
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E
Transmittance(%)
2

®

K 3-4 HAPS2a. HAPS2a-R3. APS2a 5 APS2a-R3 [ H 34k =41 41 Kt

28 GS-MS 52, AT i PMAAS WX 5 K 5 CCRC bR & i3t
ATEEXT, FEZE Sk, W e TP SR, [R) AR € T g fiy Ui i AR T AT LR R
I JFRI JE A R 22 W I B T BRI IR I EE R 3 L, I AR BN Z R
(AR BRI RS L PR R 7K 1 3 L o R ERBB ZH BT N, HAPS2a, APS2a. HAPS2b .,
APS2b. HAPS3a fil APS3a 1, H &5, & PEEEIR . & BEm & 2L & 2K,
FR Ak 20 T AR AG I H IX 2 LR PMAAS,  {HL 3R = S 705 22 0 b 1) & 2 1R
IS, FFANTE w3 BN B 404
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HAPS2a 5 APS2a % BEali4k 2H 73 b S S BRI B (1) BE 7R B 43 b, Siit 4
R ILER 3-4.GC-MS 45 5K B, HAPS2a 55 APS2a [ Fl H SR Y BN & %, HAPS2a
B 10 PSR RS o pEFr 2 Rl , APS2a HH 12 FhbEF e 4 k. HAPS2a f £ 1)
70N T-Araf. 1,5-Araf. 1,4-Galp. 1,6-Galp #1 1,3,4-Galp A H:EE /R 40t
43994 21.89%- 19.48%- 19.28%. 7.73%F1 15.86%; [F] i i /b &1 1,3,5-Araf
1,3-Rhap. 1,4-Glcp 1 1,3-GalpA; APS2a fix B ()% 4% )7 AN T-Araf. 1,5-Araf.
1,3,5-Araf. 1,3,4-Rhap. 1,4-Galp. 1,3,4-Galp 1 T-GalpA 2 HEE /R & 4 Eb oy i
22.76%. 14.70%. 6.63%. 6.63%. 7.35%. 13.08%#1 6.63%; [FIF L& /D&

1,3-Rhap. 1,6-Galp. 1,4-Glcp. 1,3-GalpA # 1,4-GlcpA,

%% 3-4 HAPS2a 5 APS2a i) F B4k 73 #r &5 5

EEIRE A (%)

PMAASs RER e

HAPS2a APS2a

Arabinose 2,3,5-Mesz-Ara T-Araf 21.89 22.76
2,3-Mez-Ara 1,5-Araf 19.48 14.70

2-Me-Ara 1,3,5-Araf 3.61 6.63

Total 44.98 44.09
Rhamnose 2,4,6-Mes-Rha 1,3-Rhap 1.81 412
2,6-Mez-Rha 1,3,4-Rhap ND 6.63

Total 1.81 10.75
Galactose 2,3,4,6-Me4-Gal T-Galp 1.81 ND
2,3,6-Mes-Gal 1,4-Galp 19.28 7.35

2,3,4-Mes-Gal 1,6-Galp 7.73 4.48

2,6-Me,-Gal 1,3,4-Galp 15.86 13.08

Total 50.80 33.15
Glucose 2,3,6-Mes-Glc 1,4-Glcp 241 2.15
Total 2.41 2.15
Galacturonic acid  2,3,4,6-Mes-GalA T-GalpA ND 6.63
2,4,6-Mes-GalA 1,3-GalpA 0.20 1.97

Total 0.20 8.60
Glucuronic acid 2,3,6-Me3-GIcA 1,4-GlcpA ND 1.25
Total 1.25

FE: ND EmAds

HAPS2b 5 APS2b % ¥l alifk 20 43 i b Er B2 R B B IR E o bk, it
LK 3-5, GC-MS 455K, HAPS2h 5 APS2b [f1kE T e Kk M i 24,
HAPS2b i 12 FhAN[F SR iObE B 4 Ak, APS2b HH 17 Fki - 8a 2 . HAPS2b
B B A% )7 0N T-Araf. 1,5-Araf. T-Rhap. T-GalpA. 1,4-GalpA #ll 1,2,4-GalpA
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Je HLEE IR E 4y Ee 4y 5 13.11%. 11.68%- 10.54%. 14.53%. 16.52%7F1 14.53%:;
[F IS & /0 & T-Galp. 1,4-Galp. 1,2,4-Galp. 1,2,3,4-Galp. 1,3,4,6-Galp #1
1,4-Glcp. APS2b #ix £ E1iE#: 77N T-Araf. T-Rhap. 1,3-Rhap. T-GalpA.
1,3-GalpA.1,4-GalpA 11,2,4-GalpA, F 1 43 BE /R L 53531 4 6.80%+9.07%- 11.84% .
7.81%- 9.82%. 17.13%#FH 8.31%; [FIF & A D=1 1,5-Araf. T-Galp. 1,3-Galp.
1,4-Galp. 1,6-Galp. 1,4-Glcp. 1,2,3,4-GalpA #1 1,3,4,6-GalpA.

% 3-5 HAPS2b 5 APS2b 1) H 34k 43 A7 &5

FEIRE 7 (%)

PMAAs e Rt

HAPS2b APS2b
Arabinose 2,3,5-Mes-Ara T-Araf 13.11 6.80
2,3-Me-Ara 1, 5-Araf 11.68 2.27
Total 24.79 9.07
Rhamnose 2,3,4,6-Mes-Rha T-Rhap 10.54 9.07
2,4,6-Mes-Rha 1,3-Rhap ND 11.84

Total 10.54 20.93
Galactose 2,3,4,6-Mes-Gal T-Galp 3.13 3.53
2,4,6-Mes-Gal 1,3-Galp ND 1.26
2,3,6-Mes-Gal 1,4-Galp 1.99 5.54
2,3,4-Mes-Gal 1,6-Galp ND 1.01
3,6-Me,-Gal 1,2,4-Galp 2.85 ND
6-Me-Gal 1,2,3,4-Galp 4.84 ND
2-Me-Gal 1,3,4,6-Galp 3.99 ND

Total 16.81 11.34
Glucose 2,3,6-Mes-Glc 1,4-Glcp 2.28 2.05
Total 2.28 2.05
Galacturonic acid  2,3,4,6-Mes-GalA T-GalpA 14.53 7.81
2,4,6-Mesz-GalA 1,3-GalpA ND 9.82

2,3,6-Mes-GalA 1,4-GalpA 16.52 17.13
1,3,6-Mez-GalA 1,2,4-GalpA 14.53 8.31
6-Me-GalA 1,2,3,4-GalpA ND 4.28
2-Me-GalA 1,3,4,6-GalpA ND 3.53

Total 45.58 50.88
Glucuronic acid 2,3,6-Mes-GalA 1,4-GlcpA ND 1.76
Total 1.76
Mannose 2,4-Me,-Man 1,3,6-Manp ND 1.51
151

F: ND Fon AR H
HAPS3a 5 APS3a M B BRI N I BE R F 40 b, Giitas ] WLEE 3-6.
g5 WKW, HAPS3a 5 APS3a MM R ME NE AR, BHA 16 MA RIS 1hE
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T o AR R AR o (B TR B 5 R R v B ik B 1R BE /K L, HAPS3a [ £ 245 1,3-Araf

(18.26 %) , 1,2-Rhap (9.39%) , 1,4-Galp (8.34%) #i11,4-GalpA (16.7%) %%
PEEFEE . 10 APS3a B 47 T-Araf (10.69%),1,3-Araf (7.52%), 1,2-Rhap (8.64%)
A1 1,4-GalpA (35.49%) ZEiiret.

%% 3-6 HAPS3a 5 APS3a [ H Ak 40 b1 &5

FERE S (%)

PMAAs FEErESREY

HAPS3a APS3a

Arabinose 2,3,5-Mes-Ara T-Araf 3.55 10.69
2,5-Mez-Ara 1,3-Araf 18.26 7.52
2-Me-Ara 1,3,5-Araf 3.09 3.05

Total 24.9 21.26
Rhamnose 2,3,4,6-Mes-Rha T-Rhap 3.49 1.97
3,4,6-Mes-Rha 1,2-Rhap 9.39 8.64
2,3,6-Mesz-Rha 1,4-Rhap 0.86 0.88
4,6-Me2-Rha 1,2,3-Rhap 2.12 5.35

Total 15.87 16.84
Galactose 2,3,4,6-Mey-Gal T-Galp 0.92 1.00
3,4,6-Mes-Gal 1,2- Galp 2.74 2.80

2,3,6-Mes-Gal 1,4- Galp 8.34 3.97

3,4-Me>-Gal 1,2,6- Galp 1.18 3.07

Total 21.66 10.84
Glucose 2,3,6-Mes-Glc 1,4-Glcp 1.66 0.64
2,3,4-Mes-Glc 1,6-Glcp 1.66 ND

Total 3.32 0.64
Galacturonic acid  2,3,4,6-Mes-GalA T- GalpA 1.00 ND
3,4,6-Mesz-GalA 1,2- GalpA 3.15 7.09

2,3,6-Mes-GalA 1,4- GalpA 16.7 35.49

3,4-Mez-GalA 1,6- GalpA ND 6.19

Total 34.26 48.77
Glucuronic acid 2,3,4-Me3-GIcA 1,6-GlcpA ND 1.64
Total 1.64

VE: ND FomAM
FEH AL S GC-MS J3frH, PGB i IR W B 5 5 A AR v R ke ik -2 [ ) 1) R
IREE, BOIEAL /4 T A3 RS 4 5 UPLC/Q-TOF-MS S 20 B il 5 Fr 75t ) 2o
PEIRE A bR A —E (BH 2RI LR R 3-7. 3R 3-8, % 3-9), #H—Pilt
B HAPS2a. APS2a. HAPS2b. APS2b. HAPS3a 5 APS3a HI Ak i b FE A 52 4,
AL T 45 SRR T SR
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 3-7 HAPS2a Fll APS2a Huf 28 hl bt 3 B JEA6 70 B BE 7R ' 43 LE X Bl

HAPS2a APS2a
B R JEIRE A (%) JEIRE A (%)
UPLC/Q-TOF-MS  Hi}:{k,  UPLC/Q-TOF-MS  Hi%:Ak,
Man 0.22 ND 0.90 ND
Rha 1.47 1.81 10.05 10.75
GlcA 0.27 ND 1.10 1.25
GalA 0.22 0.20 8.76 8.60
Glc 2.44 2.41 2.05 2.16
Gal 50.76 50.80 33.52 33.15
Ara 44.62 44.98 43.62 44.09

7E: ND FonAR6H
% 3-8 HAPS2b Fl1 APS2b FUMEZH il LY B2 HR A4k 70 BT JBE JR T 43 LE X b

HAPS2b APS2b
B Y, BEIRE L (o) FERE L (o)
UPLC/Q-TOF-MS FR AL UPLC/Q-TOF-MS  Hi3L4k
Man 0.92 ND 1.82 1.51
Rha 9.27 10.54 21.41 20.93
GlcA 0.26 ND 1.82 1.76
GalA 45.79 4558 51.08 50.88
Glc 2.02 2.28 2.17 2.05
Gal 15.74 16.81 11.34 11.34
Ara 25.01 24.79 9.26 9.07
Man 0.98 ND 2.91 2.05

7E: ND FonARiH
2% 3-9 HAPS3a fil APS3a HUbEZH Jl bt K2 640 20 BT B JR 1 43 LU X LB

HAPS3a APS3a
LS BE/RE 7T EE () L VNER O

UPLC/Q-TOF-MS  Hi3&ff,  UPLC/Q-TOF-MS  HI3Eff,

Man 0.4 ND 0.25 ND
Rha 13.8 15.87 14.47 16.84

GlcA 0.69 ND 1.16 1.64
GalA 33.24 34.26 49.55 48.77

Glc 2.37 3.32 0.79 0.64
Gal 22.66 21.66 11.87 10.84
Ara 26.18 24.90 21.47 21.26
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73 3-9 HAPS3a Al APS3a P2 il bb A2 B JEAk 43 AT BE 7R 7 43 EE st Eb
Man 0.66 ND 0.44 ND
F: ND Eon AR H

3.4. 4 ERERSHEMEX SRRHIROLE DT

HEAL 7 A S8 LA E T 2 WERE i b T EERE B 2R A, 25 S R
A o Al — B RE A T IS R, IR X e R KR T o 182 B
P 7Y o A SEZEG SR A RE L HRA 0 3 %) HAPS2a. APS2a. HAPS2b. APS2b. HAPS3a
5 APS3a ff1 TH NMR . *C NMR . HBMC &1 HSQC ¥ (%22 W (A% 1
BT LB 2047 1 oREE, IR EIE 3T 1 AT

I ENT—4E 'H NMR AT 13C NMR EI3E A 258 737 1) 57 Sk S0 57 Sk i a] )
Wr M. — RIS, o W2 RRE RN AR 6>5.0, B
2T LB E AR 5<5.009%0,  1H NMR 17 LLE i, HAPS2a. APS2a.
HAPS2b. APS2b. HAPS3a Y APS3a Z Wi 7T I171E o F1 B WU BET B8, X5
LLAMGIE AT 25 R — B

FRPE TH NMR. BC-NMR A1 HSQC i, e ik 5 Sk STt B ) 5 Sk ik
A E . DL HAPS2a A, 15 HBEFREEM ki (CL) [7kE (HD MfbAr
¥, H kN 107.27/5.08, 108.41/5.26, 108.56/5.00, 98.88/5.21, 99.31/5.08,
98.58/5.00, 98.68/5.25, 98.47/5.00, 102.20/4.74, 101.26/4.72, 102.20/5.02 ppm.
RIE 45 G HSQC 1 HMBC 1, X ik & ANFlik 2 i &2k 17 1 & . LA HAPS2a
ETREE A VB, LI CLZ8 5 Hr H L CL AR HLAE 5 k244082 4371 107.27/5.08
ppm, RJEIATE HMBC 3 CRiZAHGHE) Haf#kE| 5 CL (55 0B H2 11k
A F5N 4.25 ppm, FREIE HSQC 1% (FIRZAHIGHE) AT 315 H2 LT C2 11
Tb 2200 k5 N 81.88 ppm, KK Ak4LiE T HMBC /1 HSQC i, RFFEREE A L
HE N R S USSRy C3/H3 (77.50, 3.78 ppm), CA4/HA4 (83.42, 3.90
ppm), C5/H5 (62.22, 3.63 ppm). % L IRMFHNT 7k A5 2 50 2 M 1) 32 2
PEER IR SRR

HAPS2a 1 3= ZE Ll B 1B . S # AR89 e W3k 3-10. J8id 7 #r HMBC
W — P € HAPS2a BEsR L AT . 4.74/66.55 ppm (1 H1/H C6) B
BRIE 1K) O-1 H5HRFE H 1) C-6 A%, 77.34/5.08 ppm (K C4/A H1) FHHKEE K
() C-4 55%kE: A 1) O-1 #Hi%E, 78.43/5.01 ppm (I C3/AHL) UKL I C3 5
BRFE A [ O-1 #1i%E, 78.43/5.26 ppm (1 C3/B H1) FMI%RIE | 1) C-3 H4%3E B 1)
O-1 #Hi%, 78.40/5.08 ppm (G C3/A H1) FKHIFRIE G [ C-3 5FHE A 1) O-1
%, 78.43/5.00 ppm(1 C3/C HLFR TR EE | 1) C-3 5583 C 1Y O-1 #i%, 69.76/5.08
ppm(C C5/E H1)FK BI5k Ak E 1) C-5 54k A E (1) O-1 #Hi%, 83.18/5.25 ppm(C C3/G
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H1) REIFRIL E 19 C-3 57k G 1 O-1 #Hi%, 78.40/5.00 ppm (G C4/F H1) %
B IE G 1) C-4 5H%EE F [ O-1 3%, 78.40/4.72 ppm (G C4/J H1) FHIHRIE G
() C-4 5% J ) O-1 #Hi%, 77.58/5.08 ppm (J C3/AH1) FWKRFEIM C-3 5
BRIEE A ) O-1 A%, 77.41/5.08 ppm (F C3/A H1) FHIBE F 1) C-3 HHkit A
[¥) O-1 #Hi%E, 67.78/5.21 ppm (B C5/D H1) FWHUE B [ C-5 55F D 1) 0-1
FHIE, 77.48/5.08 ppm (D C3/A H1) FIHFLIE D 1 C-3 H5ikHt A 1) O-1 %,
78.43/5.02 ppm (1 C3/K H1) FREHFRIE | 1) C-3 55k K 1) O-1 Mi%E. 4.74/76.39
ppm (I H1/I C4) FREAFREL | (1) O-1 5583 | 1) C-4 %, K HAPS2a WA
HEEM | FEFRILH T, 5.00/66.55 ppm (H H1/H C6) F M3 H ) O-1 HikHE H
(1) C-6 #Hi%, 3R HAPS2a N iRA B2 1) H sk #.70. 67.78/5.26 ppm (B C5/B
H1) FEAFLIL B (1) C-5 55kIE B (1) O-1 #1i%, KW HAPS2a WEEH EL N B bl
BRFELH G, 78.40/5.25 ppm (G CA4/G H1) FHIFIL G ) C-4 553 G i) O-1 M
%, XY HAPS2a NEA HE I G FERE TG,

% 3-10 HAPS2a Hh &% L R 4k 2 S RS AE

BEAR K Cc1 C2 C3 c4 C5 C6
H1 H2 H3 H4 H5 H6
A T-a-Araf 107.27 81.88 77.50 83.42 62.22
5.08 4.25 3.78 3.90 3.63
B 1,5-a-Araf 108.41 81.90 77.32 83.62 67.78
5.26 3.81 3.55 3.93 3.74
C 1,3,5-a-Araf 108.56 80.56 83.18 76.30 69.76
5.00 3.82 4.08 3.97 3.63
D 1,3-a-Rhap 98.88 72.76 77.48 71.76 68.51  16.23
5.21 3.90 4.26 371 3.73 1.32
E T-0-Galp 99.31 70.72 70.11 70.66 7277  60.76
5.08 4.07 3.64 3.75 3.60 3.47
F 1,3-a-Galp 98.58 70.68 77.41 70.13 72.81  61.46
5.00 3.92 4.10 3.48 3.81 3.70
G 1,4-0-Galp 98.68 70.83 72.77 78.40 70.08  61.60
5.25 3.76 3.89 4.08 3.81 3.54
H 1,6-0-Galp 98.47 70.34 70.88 72.77 7332  66.55
5.00 4.26 3.76 3.35 3.66 3.14
| 1,3,4-B-Galp 102.20 73.82 78.43 76.39 72.74  60.52
474 3.89 4.13 3.76 3.36 3.46

J 1,3-B-GalpA 101.26 72.82 77.58 72.82 70.61 174.43
4.72 3.90 4.29 3.64 4.69
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#:3% 3-10 HAPS2a 1 & Wi L AL A A A

K 1,4-a-Glcp 102.20 72.76 75.55 77.34 72.78 61.54
5.02 3.64 3.87 3.76 3.60 3.63

APS2a H FERRER AL K. AR, 8RR 3-11 .l
8T HMBC 1B — 2w APS2a HlisR I A i . @I HMBC 1EHERT
APS2a - HEEREL 2 8] (I AH BB 55 . 5.17/76.30 ppm (M H1/K C4) FHZE M
ff) O-1 55 % K [ C-4 #Hi%, 5.17/76.28 ppm (M H1/H C4) FHIFE M ) O-1
EEH H 1 C-4 #Hi%, 5.00/76.28 ppm (H H1/H C4) FHIFIHE H ) O-1 HikH
H ) C-4 #1i%, 5.17/66.81 ppm (H H1/L C6) #/RFkHEE H 1) O-1 573k L 1) C-4
FHIE, 5.13/66.81 ppm (L H1/G C3) #E/nikt L 19 O-1 55k G 1 C-3 fHiZ,
5.11/76.12 ppm (G H1/G C3) $#E/rbk3E: G 19 O-1 5¥%HE G 1 C-3 #Hi%, 79.66/5.08
ppm (M C3/F H1) #RFRFEE M 1 C-3 55%3E F ) O-1 #HiE, 66.56/5.11 ppm (F
C5/C H1) #&/r%k3E F (1) C-5 H55k%: C 19 O-1 #Hi%, 84.40/5.19 ppm (F C3/K HL)
PERFRAEE F 10 C-3 H5HRHE K 1 O-1 #Hi%E, 76.30/5.11 ppm (K C4/B H1) #E/Rb%
B K I C-4 5¥%3E B 1) O-1 #i%, 80.92/5.10 ppm (B C3/D H1) #2553 B (1)
C-3 5¥3E D 1) O-1 #Hi%E, 79.66/5.08 ppm (M C3/F H1) /- IE M [ C-3 5
BRI F [ O-1 A%, 76.30/5.07 ppm (K C4/A H1) HRBRIE K (1) C-4 573 A
ff) O-1 #Hi%, 80.42/5.07 ppm (A CA/I H1) #2735%E A I C-4 553E 1 1) O-1
%, 80.90/5.15 ppm (1 C4/J HL) $27-%%2E | 1) C-4 5585 J 1) O-1 #Hi%E, 76.06/5.10
ppm (J C3/D HL) #&7-4k4E J 1) C-3 5%k2E D [y O-1 #Hi%, 84.40/5.15 ppm (F C3/J
H1) $2/RFRIE F 1 C-3 5582 0 19 O-1 AHi#E, 79.66/5.15 ppm (M C3/J H1) #2
RFRIE M 1) C-3 5F%EE I 1 O-1 M, 79.66/5.17 ppm (M C3/E H1) #iRpkdt
M [ C-3 55k E () O-1 #Hi%, 66.24/5.11 ppm (E C5/G H1) #/~5%3E E /) C-5
5hkE G ) O-1 #Hi%, 76.12/5.10 ppm (G C3/D H1) #/RWk3E G [y C-3 Hrk i
D K O-1 #Hi%, 80.53/5.10 ppm (H C3/D H1) #&/r4%3E H () C-3 5573 D ) O-1
FHE. B, 5.17/76.23 ppm (M H1/M C4) -5 3E M 1) O-1 553 M i) C-4
FHIE, FRW] APS2a WA B ) M FEFREE S0 66.24/5.17 ppm (E C5/E HLD
PRkt E ) C-5 5FREL E [ O-1 MHiE, *KHBJ APS2a WG EE I E PEskAL
HLIT; 5.19/76.23 ppm (K HU/K C4) $&/R5kHE K 1) O-1 5583 K 1) C-4 fHiE,
F B APS2a A HE 1 K FETREE T,
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#* 3-11 APS2a & W IE 1k 2= A 1H

PHIR AL C1 C2 C3 C4 C5 C6
H1 H2 H3 H4 H5 H6
A 1,4-0-GlcA 103.10 7580  74.98 80.43 7481  175.42
5.07 3.29 3.58 3.69 3.63
B 1,3-0-GalpA 103.56 76.08  80.90 72.28 7444 17561
5.11 3.53 3.88 3.31 3.60
C T-0-GalpA 106.10 76.25 7246 72.96 60.63  175.63
5.11 3.89 3.83 4.00 3.21
D T-a-Araf 109.11 80.94  76.28 80.41 60.52
5.10 3.87 3.95 4.06 3.78
E 1,5-a-Araf 108.80 83.62  76.11 84.37 66.24
5.08 411 3.88 4.06 3.65
F 1,3,5-0-Araf 108.83 80.72  84.40 76.21 66.56
5.27 4.15 4.24 4.06 3.81
G 1,3-0-Rhap 106.39 7594 7612 72.38 72.41 16.22
5.11 3.71 3.87 3.85 3.32 1.29
H  1,34-p-Rhap 106.97 7565  80.53 76.28 72.91 16.17
4.98 4.03 3.77 3.88 3.34 1.32
| 1,4-0-Glcp 103.59 7323 7958 80.99 79.83 60.74
5.07 3.45 3.82 4.03 3.89 3.58
J 1,3-0-Galp 106.93 7291  76.06 72.30 72.14 60.83
5.15 3.72 3.88 3.60 3.46 3.51
K 1,4-0-Galp 106.32 76.17  73.06 76.30 72.47 60.42
5.19 3.83 3.78 3.49 3.64 3.44
L 1,6-0-Galp 106.43 7310 7455 70.33 72.47 66.81
5.13 3.81 3.49 3.71 3.90 3.70
M 1,34-a-Galp 106.94 7450  79.66 76.23 72.81 60.73
5.17 3.82 4.07 4.03 3.72 3.46

HAPS2b R L . S EAifsaE, 45851k 3-12 . 18
M HMBC ik — 510 HAPS2b rhop & 3L A 47 /5. HMBC 3
4.98/83.21 ppm (J H1/K C3 FHIFIEL J I O-1 5K K 1) C-3 A%, AHALLHE,
4.94/77.33 ppm (K H1/1 C2) FMsE K 1) O-1 H5FFE | i) C-2 #Hi%, 5.00/78.30
ppm(I H1/H C2)R AR AL | (] O-1 5%k H () C-2 #Hi%, 78.58/4.98 ppm(J C4/C
H1) REIFRIL I C-4 5k C 1 O-1 %, 78.58/4.97 ppm (J C4/C H1) %
BIFREE J [F) C-4 553 C 1) O-1 #1i%E, 82.60/4.98 ppm (J C2/C H1) FHIHkIE
() C-2 55k C 1) O-1 #Hi%E, 68.42/4.97 ppm (K C6/A H1) FH4#kIE K [ C-6
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553 A ) O-1 FHi%E, 77.56/4.97 ppm (K C4/A H1) FHIFIE K 1) C-4 H5HkHEE
A ] O-1 #Hi%E, 77.56/4.87 ppm (K CA/F H1) FHIsIE K ) C-4 553 F 1) O-1
FHiE, 78.57/4.67 ppm (F C4/L H1) FKEIFRIEL F 1) C-4 H5¥RE: L 1) O-1 MHiZ,
77.47/5.01 ppm (L C4/G H1) FRHHFRE L 1) C-4 H55kE: G ¥ O-1 tHi%, 77.30/4.98
ppm(G C4/C HLZKWIhkEE G 1) C-4 54k A C 1) O-1 MHi%, 77.78/5.01 ppm(I C4/G
H1) FREIFRIL | i C-4 5%kHE G 19 O-1 MHI%E, 77.34/4.97 ppm (H C4/F H1) K H
FIE H I C-4 53 F 1Y O-1 #13%, 82.60/5.14 ppm (J C2/B H1) FHFEL J 1)
C-2 5%t B ) O-1 #Hi%, 67.95/4.97 ppm (B C5/AH1) F 53 B 1Y C-5 5%
B A K H-1 AH%E. S0 4.98/78.38 ppm (J H1/J C3) FHAFIL J i) O-1 Hhkdt
J 1) C-3 #HI%E, KB HAPS2b A H A1) J HEFREE R I0; 4.94/83.21 ppm(K H1/K
C3) FHIHREE K 19 O-1 HhkHE K 1Y C-3 M, F#H] HAPS2b N &4 B & 1 K B
WRILE T, 77.30/5.01 ppm (G C4/G H1) FHIWREL G () C-4 5% G 1) O-1 48
%, R HAPS2b WG EE ) G HliskIE . T; 66.80/5.14 ppm (B C4/B H1) £
B % B 1) C-4 55%%E B 19 O-1 #Hi%, KB HAPS2b P B B FER AR
JG; 77.33/5.00 ppm (I C2/1 H1) RWIGE | () C-4 HhkE: | 1) O-1 #Hi%E, K
HAPS2b N ¥iH EHE 1) | HERE I,

#* 3-12 HAPS2b S pR 5k L i AL S R E

W JE Cc1 c21 C3 c4 C5 C6

H1 H2 H3 H4 H5 H6
A T-B-Araf 106.25  81.45 80.89 80.56 61.20
4.97 4.15 3.77 4.19 3.66
B 1,5-a-Araf 109.04  82.44 78.32 77.50 66.80
5.14 4.02 3.90 4.03 3.65

C T-B-Rhap 10121  71.39 77.99 75.09 71.71 15.69

4.98 3.99 4.24 3.88 3.72 1.17

D T-B-Galp 98.38 72.10 73.77 70.98 7733 6457

4.67 4.27 4.11 3.89 3.66 3.42

E T-0-GalpA 98.39 71.00 70.42 71.35 69.79  174.10
5.01 4.18 3.88 4.16 3.93

F 1,4-B-Galp 98.38 76.68 73.26 78.57 7215  64.18

4.97 4.26 3.90 4.02 3.87 3.40

G 1,4-0-GalpA  98.55 71.75 70.86 77.30 7120  174.88
5.01 4.16 3.90 3.88 4.32

H 1,2,4-B-Galp  102.20 78.30 71.23 77.34 70.97 65.28
4.58 4.27 3.88 4.28 3.68 3.41
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4:3% 3-12 HAPS2b A1 85 Fli sk JE A 2 1E
I 1,2,4-0-GalpA  102.19  77.33 70.00 77.78 70.65  174.88

5.00 4.14 3.77 4.06 4.65
J 1,2,3,4-p-Galp  103.85 82.60 78.38 78.58 77.74 66.67
4.98 4.01 3.89 4.06 3.91 3.40
K 1,3,4,6-p-Galp  104.57 70.79 83.21 77.56 70.87 68.42
4.94 4.29 3.91 4.08 3.70 3.68
L 1,4-B-Glcp 103.85 75.71 75.44 77.47 76.82 62.05
4.67 3.73 3.92 4.00 3.88 3.45

APS2b R BRI BB . A EN AR, 4 RYI TR 3-13 . i
538 HMBC i3 — 20 HffiE APS2b Holi i S (R e 6 s FERE T« 5.24/80.94
ppm (N H1/0 C3) HI{E 5/~ THkFEE N i) O-1 55%3E O () C-3 #HiE, 80.79/5.12
ppm (N C2/Q H1) HI{E 5 &/~ THRIE N ) C-2 55%3E Q i O-1 #HiE, 80.44/5.19
ppm (Q C2/P HL) ME 547~ T hk%EE Q 1) C-4 5%k P [ O-1 AHi%E, 83.39/5.12
ppm (P C4/D H1) K55 Tk P i C-4 5%&% D 1 O-1 #Hi%, 80.85/5.30
ppm (N C3/H HL) {55 38/R T 5k%E N 1) C-3 5%%2E H 1) O-1 #Hi%, 83.51/5.12
ppm (H C3/D H1) 55 #/R T 5k%E: H 19 C-3 5%%2E D 1) O-1 #Hi%, 80.41/4.97
ppm (N C4/E H1) FIfE 54 Tk N 1 C-4 555 E 1 O-1 #Hi%, 80.87/4.97
ppm (E C3/E HL) MIfF5 &/ T4k, E (19 C-3 55k E 1 O-1 #Hi%, 80.87/5.12
ppm (E C3/D H1) HIfE 54/~ T k% E 7 C-3 55k%: D 1 O-1 #Hi%, 76.03/5.18
ppm(l C3/F HDIIME 537 T 5%3E | 1) C-3 55%3E F 1) O-1 1%, 174.99/4.86 ppm

(O C6/AHL) 5 SR T Hk3EE O 119 C-6 543 A 1) O-1 #Hi%, 76.23/5.13 ppm
(AC3/K HL) 5 SR T HkEE A (19 C-3 543 K ) O-1 #Hi%, 77.00/5.12 ppm
(K C4/D HD) fif5 S4R T HkJE K 1) C-4 5%%3E D Y O-1 #Hi%, 68.40/4.62 ppm
(ACB/ILHD HIESHR T3 A [ C-6 553 L ) O-1 #Hi%, 69.20/5.18 ppm
(L C6/F H1) M5 54t~ Thk3E L i) C-6 55%3E F 1) O-1 #Hi%, 80.42/5.19 ppm
(P C4HD) FIfE 53R THRIE P 1) C-4 55%3E J 19 O-1 M1i%E, 5.12/80.85 ppm (O
H1/N C3) M{E 5487 THk%E O 1 O-1 5%k N ) C-3 #Hi%, 83.60/5.18 ppm (M
C4/F HL) WG 57 THR%E M 1) C-4 5F%3E F 1) O-1 #Hi%. 5.24/80.79 ppm (N
H1/N C2) HIfE5%em Tk N 17 O-1 54k N (19 C-2 #Hi%E, KB APS2b i
HEEN N HERILHIT, 76.03/5.12 ppm (1 C3/I HL) FHIFRIE | B C-3 HHkIE |
[ O-1 k1%, FWI APS2b AT EHE M | BEFRIE#IT; 77.00/5.13 ppm (K C4/K
H1) RUIFRE K 1) C-4 55k K (17 O-1 #HiE, KU APS2b Wil HEE N K HE
FRIEHLIT; 80.40/5.19 ppm (J C4/J H1) FREAFRIE J 1) C-4 55%3E J 1) O-1 MIE,
B APS2b NEH A J BERRIE SR IG; 5.24/80.85 ppm (N HL/N C3) KA
N [1) O-1 55kEE N (1) C-3 #HIE, KW APS2b N A EE I N FEREE HIT;
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5.15/80.94 ppm(O H1/O C3)3 BIFkHE O 1 O-1 55% % O (1) C-3 #Hi%, K #] APS2b
WA EAE ) O MR FEH T, 5.15/78.35 ppm (M H1/M C2) FHI4IE M 1) O-1
5EFE M I C-2 &, F W] APS2b N #A B 1) M iR EE T

% 3-13 APS2b 1 S BRI AL 2 AR 1E

‘ c1 Cc2 c3 c4 c5 cé

IR H1 H2 H3 H4 H5 H6

A 136-p-Manp 10295 7210 7623  70.88 7097  68.40

4.86 3.85 3.94 3.75 380 381
B T-a-Araf 109.06 8411 8151 8057  60.56
5.19 4.01 4.03 4.15 3.66
C 1,5-0-Avraf 10952 8378 8075 8091  66.31
5.12 4.00 3.99 4.06 3.72

D T-a-Rhap 106.35  72.84 7150 7095 6836  16.32

5.12 3.96 3.81 3.78 352 116

E 1,3-B-Rhap 106.36 7094 8087 6832 6547  16.61

4.97 3.98 4.03 3.76 399 120

F T-a-Galp 98.89 7101 7145 7097 7146  68.02

5.18 435 3.66 3.95 379 372

G T-B-GalpA 10645  70.68 7081 7630 7158  174.60
4.98 3.81 3.89 3.98 450

H 1,3-0-Galp 99.23 7765 8351 7108 7142  60.63

5.30 3.75 3.90 3.82 372 365

| 1,3-0-GalpA 98.43 7111 7603 7163  70.98  174.09
5.12 3.73 4.10 3.80 4.14

J 1,4-0-Galp 10259  69.77 7143 8040 7141  65.46

5.19 3.58 3.78 3.95 381 367

K  14-0-GalpA 10643 7030 6891 7700 7161  174.09
5.13 3.78 3.53 3.95 4.09

L 1,6-B-Galp 10331 7139 7453 7021 7605  69.20

4.62 3.81 3.63 3.75 379  3.68

M  124-0-GalpA 10696 7835 7597 8360 7589  174.60
5.15 4.16 3.73 3.88 4.70

N 1234-0-GalpA 9852 80.79  80.85 8041  70.60  174.99
5.24 3.99 3.67 3.82 4.47

O 1346-0-GalpA  99.09 7105 8094 8042  69.72  174.99
5.12 3.61 4.01 431 487

P 1,4-0-Glcp 99.81 7605 7023 8339 7131  60.67

5.19 3.75 3.76 3.91 372 365
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43 3-13 APS2b SR B AL A R E

Q 1,4-a-GlcpA 98.60 76.11 75.64 80.44 7452  175.25
5.12 3.33 3.52 3.83 3.73

HAPS3a 5 APS3a 1 = Z bR AL 1w . S et a)E, 45585115k 3-14
. EEFEMSER, BHAMEERN (A T-a-Araf. (B) 1,3-B-Araf. (C)
1,3,5-a-Araf. (D) T-p-Rhap. (E) 1,4-B-Rhap. (F) 1,2-0-Rhap. (G) 1,2,3-B-Rhap.

(H) T-a-Glap. (1) 1,2-B-Glap. (I 1,4-B-Galp. (K) 1,2,6-B-Glap. (L) 1,4-B-Glcp.
(M) 1,6-0-Glcp. (N) T-B-GlapA. (O) 1,2-a-GlapA. (P) 1,4-B-GlapA. (Q)
1,6-p-GalpA 1 (R) 1,6-a-GlcpA, H:r 1,6-0-Glcp 5 T-B-GlapA {X1E HAPS3a

KIL, 1 1,4-B-GalpA 5 1,6-B-GalpA 1 7E APS3a H1 & I,

il ik HMBC 1E54fE T HAPS3a 5 APS3a £ #i 7k JE 2[R IR AH H3%E B2 47 55 . HMBC
it 4.66/78.5 ppm (G H1/0O C2) HIRIHFRHE G 1 O-1 5%k O ) C-2 #HiE
J5/BAH, 4.99/77.50 ppm (1 H1/G C3), 3.96/98.48 ppm (Q H6/PC1), 5.01/77.30 ppm

(A H1/P C4), 5.20/68.30 ppm (C H1/K C6), 4.99/77.50 ppm (I H1/G C3),
3.96/98.48 ppm(Q H6/P C1), 5.01/77.30 ppm (A H1/P C4), 4.20/68.30 ppm(C H1/K
C6)+ 5.20/77.30 ppm (H H1/P C4). 4.99/68.30 ppm (P H1/K C6). 4.95/77.30 ppm

(K H1/P C4). 4.18/106.78 ppm (G H3/C C1). 5.01/83.67 ppm (F H1/C C3),
5.01/81.00 ppm (A H1/B C3), 4.66/76.50 ppm (G H1/J C4), 4.72/78.50 ppm (L H1/O
C2), 4.98/76.50 ppm (E H1/J C4) KB, #E: |1 O-1 5%kH G 1y C-3 ik,
PAk Q 1) O-6 HhkA: P 1) C-1 #HIE, Fkik A O-1 Ak P Iy C-4 HHIE, ik
C 1) O-1 55k K 1 C-6 #Hi%E, FkHE P 11 O-1 55k C 11 C-5 MHiE, 5 AW
O-1 55%FE P 1Y C-4 AHIE, HRIEL P K O-1 5hkIE K () C-6 Mi%, #kIE K 1 O-1
L5RIE P I C-4 #HIE, BRI G 1) O-3 Hhk: C 1 C-1 AHiE, %kIL F ) O-1 55k
5 C I C-3 #HI%E, WRIEE A1 O-1 HhkHE B 1 C-3 %, kK Gy O-1 5k
(1) C-4 %, FRHEE L 19 O-1 5%%%E O 1 C-2 M, k2 E (1 O-1 55k % J (1) C-4
FHi%E. £ HAPS3a ] HMBC i, 4.95/68.30 ppm (J H1/M C6), 5.00/77.20 ppm

(M H1/G C2), 4.96/77.50 ppm (N H1/1 C2) F %3 J i O-1 H55k¥EE M i) C-6
FHIE, B M 1) O-1 55k EE G 1) C-2 #HiE, FkiE N (1) O-1 5k | 1) C-2 #HiZ.
7E APS3a ff) HMBC i+, 4.95/174.92 ppm (J H1/R C6). 5.01/77.20 ppm (R H1/G
C2). 4.72/77.5 ppm (Q H1/I C2). 4.72/174.00 ppm (P H1/Q C6) )35 X kK1,
BRAE J I O-1 5k R 1) C-6 #Hi%E, Fki: R O-1 H5hkA: G (1) C-2 M, HhAE
Q 11 O-1 55%3E | 1) C-2 A% 5k FE P 1 O-1 55%3E Q 9 C-6 #H1% -4.95/76.50 ppm

(JH1/J C4) F15.01/78.50 ppm (O H1/O C2) =z X IgFRH, 53k J 1 O-1 55k
F I C-4 FiE, TRHE O 1 O-1 5¥kE O 1y C-2 #Hi%, * B HAPS3a f1 APS3a
HEAE H Bk ) FIskEE O.
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% 3-14 HAPS3a 5 APS3a 1 & Fli sk Ik 4k 4 A A 4

N C1 C2 C3 C4 C5 Cé6

meR H1 H2 H3 H4 H5 H6
A T-o-Araf 107.25 83.70 76.77 81.22 60.59
5.01 3.96 3.88 4.04 3.71
B 1,3-B-Araf 106.70 77.50 81.00 7.505 68.45
4.98 4.30 4.16 4.22 3.88
C 1,3,5-0-Araf 106.78 80.68 83.67 81.80 68.20
5.20 4.10 4.23 4.13 3.64

D T-p-Rhap 98.43 71.49 73.58 73.99 68.72 16.22

4.96 3.88 4.09 4.30 3.80 1.13

E 1,4-B-Rhap 96.45 75.38 72.15 77.25 68.45 16.22

4.98 3.95 3.90 4.32 3.80 1.15

F  1,2-a-Rhap 97.65 79.0 77.50 73.58 71.49 16.22

5.01 4.16 4.28 3.87 3.87 1.16

G 1,2,3-B-Rhap 102.30 77.20 77.50 70.30 71.68 16.22

4.66 3.88 4.18 3.90 3.66 1.16

H T-oa-Galp 98.46 70.76 71.68 70.30 72.15 68.02

5.20 4.32 3.66 3.94 3.79 3.72

I 1,2-B-Galp 98.69 77.50 73.99 73.07 74.75 67.80

4.99 411 3.92 4.09 3.88 3.66

J  1,4-B-Galp 98.46 70.80 71.50 76.5 71.20 64.80

4.95 4.27 3.95 3.62 3.70 3.65

K 1,2,6-B-Galp 96.45 78.43 71.68 70.87 72.15 68.3

4.95 4.30 3.88 3.95 3.79 3.95

L 1,4-B-Glcp 103.54 73.99 73.07 77.49 75.38 65.14

4.72 4.29 4.29 4.32 3.90 3.78

M  1,6-a-Glcp? 99.67 73.56 71.03 73.58 72.15 68.30

5.00 4.28 3.87 3.94 3.64 3.73

N T-B-GalpA? 103.53 77.96 75.73 72.08 75.38 17411
4.96 4.32 3.91 3.92 3.95

O 1,2-a- GalpA 98.49 78.5 76.51 68.45 78.06 175.03
5.01 4.27 3.99 3.95 4.65

P 1,4-B-GalpA 98.48 72.15 73.56 77.3 72.16 175.03
4.99 3.66 3.94 4.27 4.72

Q 1,6-p-GalpA® 98.38 77.80 74.02 72.13 74.02 174.00
4.72 3.92 4.01 3.87 3.96

R 1,6-a-GlcpAP 102.80 76.34 73.65 71.35 70.33 174.92
5.01 3.87 3.96 3.88 431

a: {N/E HAPS3a kG E]; b: {XAE APS3a H Al 2|
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3.4.5 ERARSEMEX SR — KL

SEA BBELL R FHRAEAT NMR 23285 5, #Ell H HAPS2a., APS2a. HAPS2b.
APS2b. HAPS3a 5 APS3a — % 45H).

Wil 3-7 fizs, HAPS2a 5 APS2a #R 1 2 Fil sk AL I R, 2 v S A 22
W . HAPS2a 1) 4% = 5 rhy 1,3,4-B-Galp. 1,6-a-Galp 41/, %% =5 i 1,3-a-Galp-
1,3,5-a-Araf. 1,5-a-Araf. 1,3-B-GalpA. 1,4-o0-Galp. 1,4-a-Glcp. 1,3-B-Rhap #l
T-a-Araf 41/. APS2a HFHEFEEh 1,3,4-a-Galp. 1,3,4-B-Rhap. 1,6-a-Galp.
1,3-0-Rhap ZH 5%, %% 32 1,3-a-Galp. 1,3,5-a-Araf. 1,5-a-Araf. 1,3-a-Galp.
1,4-a-Galp.1,4-a-Glcp. 1,3-B-Rhap. T-B-GalpA Al T-o-Araf 41 j¥%.. 15 8 [ /& , HAPS2a
— R 455 APS2a HEEEH T-a-GalpA W IR TR J 4 L4038 A AH I 1) Hh 1 7 s (¥
3-7 TE k), MERE BT RE O B ge i M EPRIRSE M f5 , nT LS 2 o A0 B PR
AL, JATVRIL APS2a (1) F 852 o #BLEFLBE, HAPS2a (1) 3= % A2 AH B R 5k Ik
) B A2, X AT RS B TR E R H 51 APS o SHIA AN B A A 8, T2
Je— AN HLAR S ) P R T 5 1R

; ¢
HAPS2a O-o-1-5Q3-1-0- O4-1-a-O3-1-a-Q
-4-B-O1-4-B- O 1-4-B- 1{4-[3-01-]:4-[3-01-[4-[3-81]:4-[3-01—4-[3-01-[6—(1—01—}_
CEE N A A
& Q & 2 o) ¥ 2 Q 151 §
6 ® o 0 9«0 O ¢ O ¥34E
L : £ A > o TR
a : & z p 2 ® E=E
O O O BEL—
© © £ ? o i
. ; i
i O HEVERLER
APS2a @

4
O-a-1-30-a-1-4@-a-1-4 $-a-1-4 O-a-1-3() -5-a-1-4p
&

-[4-51-91 Jr4-u-_‘ 61 -4-g- 91 {4-{;—9 1t4-a—91 Jr4—|3—|.1 ]lrg-u- @146-a-O1 _}.}3_(:_.1 3-a-@1-

R 2 2 a a
1easg  Yeas0 O & 0
e o © @

& % i
S S
%)

K| 3-7 HAPS2a 5 APS2a ] — 22 4514
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Ul 3-8 A7, HAPS2b 5 APS2b 35915 FE SC TR TR 2 W, HH 22 PPplok
SR . HAPS2b i385 F 5 1,2,3,4-a-Galp. 1,3,4,6-0-Galp. 1,2,4-0-GalpA
ZH AR, 4% 3= 2 i 1,5-o-Araf. T-a-Rhap. T-a-Araf . T-a-Galp . T-o-GalpA. 1,4-a-Galp-
1,4-0-GalpA 1 1,4-B-Glcp 4H ik . APS2b R+ 8 £ # H 1,2,3,4-a-GalpA .
1,3,4,6-a-GalpA. 1,2,4-a-GalpA 2 1%, M5k = % H 1,5-0-Araf. T-a-Rhap. T-a-Araf.
T-a-GalpA. 1,4-0-Galp. 1,4-a-GalpA F1 1,4-B-Glcp. 1,3,6-B-Manp. 1,6-B-Galp.
1,3-a-Galp A k. HAT&KI, APS2b HiFEH 1,2,3,4-0-GalpA il 1,3,4,6-a-GalpA H
AR IR R EE, 76 HAPS2b — 2R 45 M i vh LAAH L1 1,2,3,4-B-Galp Al
1,3,4,6-B-Galp " PE- AL REREFRIEAAAE (K 3-8 TR Sk,  HLW & AL B B
CEMIER oy GG T B RN AT, X T RE R T 2 R A I R R AR b
BT T AL AL, S SO TS TR 2 e FSUR B2 P v A L7 3.81.820

HAPS2b .
'l'li_l“’.
e © Q O 0]
O Galactose $ % & A &
; : ¥ TF SF BF oF %
4 Galacturonic acid 3-5-81 -3-3-81-3-[3-81-3-B-O1-3-B- 8 ]2-0-#132:0-O1-
I Y rs e s S
@® Rhamnose N N 4 - - o i
© “ ® - > 2 ®
Q@ Arabinose o O O o O * @)
@ Glucose -
< Glucuronic acid F?;
*
RS
®
Q e
g
APS2b : !
B memeeaae =2 L,
Qo4 @a- 1-}3 e o O 0 e} O
Oa-1{3-49 dfli v, 28, 5. 5o
@c-1-4-@a-1-4-Ga-1-2 _+ > QF TP ¥ BE oF
-4-a- 01 -2-a- 01 -3-0- 4]-3-0- @ 1-3-0-@p1-3-0- @ 1-3-0- @1-3-a- 120 011—2 a- 01-
B i fs B I £
S 0% i oz o5 §F i i 9% &
S e O o0 O o o 0O 2 O
Lo I >
2 U3 & 2
® ¢ O ®
: *
=
L ¢
RS
@
K 3-8 HAPS2b 5 APS2b f)— i 25 #4)
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HAPS3a fl APS3a — 2 & & 45 i & 3-9 fizn, HAPS3a fll APS3a & B H £
FhERFE [ 20, H 38532 1,2,3-p-Rhap. 1,4-0-GalpA. 1,2,6-p-Galp- 1,4-B-Galp
Al 1,2-0-GalpA 4%, %% ¥ H 1,2-p-Galp. 1,3,5-a-Araf. 1,4-a-GalpA. T-a-Araf
Al T-B-Rhap #ik. AR, HAPS3a 1—HK&5#)5 APS3a t B A FHBL )4 45
thy, FrPoRE e R (1 3-9 WLk, APS3a 1 1,4-0-GalpA 1 1,6-0-GlcpA
PEIE TR ik AL 7E HAPS3a H DUAH B () il i e A7 e (1] 3-9 k), iXak—
ISR T 2R E O R R A T R

Ll

+z-s-31i+2-s.¢| .]|.|2.a.81ﬂ2-r3-.1 .]I.p.p.g‘)u-a-@-a-ra-y-}_z-a- 91 4-p- 01{2-&91-4-;\-01.:}.3.'1 14-5-41 oa-O1-2-p- @114-6- 91146 @ {2041 Jap- @O 32Ot}

% + 3 * z 3 T
Q . O51-6-4-10-0 * . Q51403100 051403100 Apsaa
3 s : s % 3 i
14 t ? °©/ o I $
* 3 i Z :
* &) (0] e ®
-"__?._
&
o] O Galactose 0 BQZ;&.\[&B({M ;12;3.{.1;\5 o . o
2R-ON-4-p-1-2-8- @R -a-@1-2-6- @ 1 4-B- O J4-B-@n f2-0- 1 14-B- @ {14 Q13200 1p-0
+ Galacturonic acid 2z b ¥ ¢ 1rof o6 @4 20O
+ 4 &
@ Rhamnose * Q51803100 Q00O HAPS3a
@ Arabinose o5 : 3
- - d
@Glucose [e) 9 g
& Glucuronic acid 5 z
b ®

& 3-9 HAPS3a 5 APS3a f)— 2k 4514

3.4.6 EREXSHEMERX SN = IRIBIELENE

HA W8T S 2 HEAER NaOH Vi 25 NI S 20T s &4 AR 4 AR
Bl A 455 ot 2 e R R AR A A A R A S B 22 0 2 5 AT = IR e 4 i) . 45 %
BB = R e G, e KR W A 23 Bl o S A AT VROR FE I 1S n &2 BT+
FAH, 1 NaOH ¥R B K T3 —BUME 5, s R R Sc i & SRl T B IS38, s i i 2
BB N ) 2 BB AN B = IR e A 5, A 22 M X F o BT JE R FR AR AL
Hio o a1 3-10 i, M bl A S A ARV O B2 1) 38 I, HAPS2a APS2a. HAPS2b |
APS2b. HAPS3a 5 APS3a 5 NIRRT 2% G- A B W1 %6 EFHE R R
B, B LART AAIE X NG 2 A B = IR et 4
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E 510+

S

g -e- Congo red

E -= Congo red + HAPS2a
g -4 Congo red + APS2a
S

fi

o]

@D

o

2 480 +rrrrrr TP T M

0.0 0.2 0.4 0.6
NaOH concentration (mol/L)

‘E 510+
E,
E
E 500 -~ Congo red
= g = Congo red + HAPS2b
= T -+ Congo red + APS2b
| ==
S 490-
2
(o]
w
(o]
< 480+
0.0 0.2 0.4 0.6

NaOH concentration (mol/L)

€

=

E

= L

£ 500 —&— -
>

[

-~ W
k=]

I3

o

W

o

=]

<

5104

-~ Congo red

Congo red + HAPS3a
-+ Congo red + APS3a

0.0 0.2 04 0.6
NaOH concentration (mol/L)

& 3-10 HAPS2a. APS2a. HAPS2b. APS2b. HAPS3a 5 APS3a [t Mil 541 sei

3.4.7 ERARRSBEMARZRIVIIHER I

HAPS3a 5 APS3a a4 8 70 i & 3-11 s, HAPS3a 2 Hetk Burs -tk
HERR, RIMEDCHE, MR, RUEES TR EAEH, TEREE 4. APS3a
(1) G AT LA R BAS KR g B 2 S5 R IR S5 44, FLYE 10 000 5 IR A5 5 F
PRIRGE MR THRLRE , FORE S I 2 o A SCHRIRIE ), R 22 W AE At i Hh A
RIAFAE . B RNEE KR, APS3a [ FLPEIERL & 54 HAPS3a =, RIAMON
K& B~ APS3a Lt HAPS3a &7 B 2 kL, X 5 80pE 73 b R — 3.
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K 3-11 HAPS3a (a, b) #l APS3a (¢, d) HIFIH B KR MES: (a, c: 5000X; b, d:
10000X )

3.5 KENG

TV Z FER GRS, Rl 2 AT AR B AR 7 F Bk JLE 2
e b T AR Z N, HEMRME T/ER NINAE. A& X5 & aiih45 21
HAPS2a. APS2a. HAPS2b. APS2b. HAPS3a. Fll APS3a 7N~k 2 Hif b 4 B
R BRI . MR 1 A Y RO T O (AR RAE S5 AT RAE, 15
G5 RuT:
(1) HAPS2a. APS2a. HAPS2b. APS2b. HAPS3a. 1 APS3 ¥ N&H P
P RE PSRN o A0 W P B 11 v B ST AL IR TR 2 2 0, 358 BT = RIS e 4544
(2) HAPS2a. APS2a. HAPS2b. APS2b. HAPS3a. Fll APS3 ] FfH i
AL, % Man. Rha. GIcA. GalA. Glc. Gal. Xyl. Ara ZHi%, Bt4h,
HAPS2b. APS2b. HAPS3a. Fl APS3 it /D& Fuc. {HE %K Rl 5 Fpl 4Lk
LB A — e ER, /AP Rha. Gal. GalA. Ara Eufil b2 5.
HAPS2a 1 APS2a ] Rha & & Z # K, 779 1.47% %5 10.05%, HAPS2a
Hr GalA 1 Gal FEE SR 1 43 B 23 59 0.22%741 50.76%, 11 APS2a 1 GalA 1 Gal
FR) B R T 23 HL 3 50 8.76%F1 33.52% . HAPS2b 1 Rha 1 Ara FBE /K T 43 Eb. 23 5l
N9.27%F1 25.01%, 1] APS2b FH Rha Al Ara [ B /K T 43 b 23 514 21.41%F119.26%;
HAPS2b 1 GalA 1 Gal 1) B /K ' 43t 73 31l 4 45.79%H1 15.75%, 1 APS2b H' GalA
A1 Gal [ BE /R F 43 EL 2 518 51.08%F1 15.34% . HAPS3a 1 Gal 1 GalA [ /R
YL 22.66%H01 33.24%, 1] APS3a 1 Gal Al GalA [IEE/R 20 2 A

11.87%#1 49.55%.
40
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(3) HAPS2a. APS2a. HAPS2b. APS2b. HAPS3a. Al APS3a {EKHT 4t &
PR E W RA — BN ER, FEARILE:

HAPS2a ] 355 F %y 1,3,4-B-Galp. 1,6-0-Galp £/, 1 APS2a ) ¥ 5% 5
i1 1,3,4-0-Galp. 1,3,4-B-Rhap. 1,6-0-Galp. 1,3-a-Rhap ZH%. APS2a fft)— 245 )
MiEEH 1, 4-0-GalpA Fl T-a-GalpA WHEEE B 5% F 4 i 9 A B I A P B iR L A7 7
T HAPS2a 1, H. APS2a 1452 a MK 00E, HAPS2a f9 L4 B H7
JeF . HAPS2b 1 38 F % i 1,2,3,4-a-Galp. 1,3,4,6-0-Galp. 1,2,4-a-GalpA %1
%, APS2b [ E8EFE il 1,2,3,4-0-GalpA. 1,3,4,6-0-GalpA. 1,2,4-0-GalpA ZH ..
APS2b HEBEH 1,2,3,4-0-GalpA il 1,3,4,6-a-GalpA P > FLAEBS IR vk 5, 1
HAPS2b — 2% 5 ik vh LRI R [ 1,2,3,4-0-Galp Al 1,3,4,6-a-Galp 2 7 b
VREEAFAE,  HoW A A AL BE BE 45 0 384> . HAPS3a H1 APS3a % 1 i
1,2,3-B-Rhap. 1,4-0-GalpA. 1,2,6-p-Galp. 1,4-p-Galp F1 1,2-a-GalpA k. 1B
HAPS3a I — iR 45145 APS3a HA ML &5 #4934, APS3a ' 1,4-0-GalpA
F1 1,6-a-GlopA HHi S 2 5 3L 7E HAPS3a A1 UAH B ) Fh MR R S A7 7

41



IR AR EI U AR S

FNE EXRARSENARSEXNHEREFEERFN
4.1 5|18

WHFRERE, K2 B 2 PEAS B £ L AETE AR, BT BLEIA
2 1 P TE R R AR DTS i 0 R A AT i (R s i 33801 3 eqy 25 (R 4
IR T —J7 A 2 T b an AT B OB e 45 2t AR B AR A, 40 T B0
(RIAR K, X i B A 1) P A OCBRE (R VR A IBO8T), S — Dy T, TR 2 i
[ SCFRA. ﬂ%%ﬁ%F% PIEHTA . UM AR 1E T e S5 Dy he
X NAA 2 B0, UTApske, MM WX AR T RSN R VAN O T 2 RS VAT
FERIHR T 2 — 092, T 2 WER > TR AL ) SRR R RO R
T 55 0 it 2B AT AR I A 0 e 5 D) AR S8 941, A g 7y B A4 A9 B (K 7S ARG
2 WEAE i AR TR AP (R — B, Xk DU ER U BEAT PR AN IR, R S AT R
[ 22 BERE b o0t 2 2 R AR SN S AR = s, il 4-1 Fhos

HAPS2a, APS2a
HAPS2b, APS2b

HAPS3a, APS3a

|

Lactobacillus rhamnosus (LGG)
Bifidobacterium longum (BL)
Bacteroides ovatus (BO)
Bacteroides thetaiotaomicron (BT)

ﬁ/%
/ N\

8&@&%% Eﬂﬁﬁ%ﬁ
.Eﬁmwm FMMWE

N4 \\~ V4

Wfﬂ)‘t HPLC-(iFC-ELSD UPL(:-]f-TOWMS UPLC-Q-TOF/MS

EEEKG0 R | | (EMSWmN | | EmSm
OD{H PFE ERYECHRY

J J /

SCFA

F 4-1 HAPS 1 APS X} i B R 1 AT 70 1% 26 1<l
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4.2 RIS E

4.2.1 ERKIR
Lactobacillus rhamnosus ATCC 7469 (LGG). Bifidobacterium longum ATCC
15707 (BL). Bacteroides ovatus ATCC 8483 (BO) 5 Bacteroides thetaiotaomicron
ATCC 29168 (BT) Jg-J ) M7 Zc se = RHEOR e F B~ 7
4.2.2 LIRS
K 4-1 JIART S FEAA

S A S FEAS 44 FK CV I
MRS 3% 373 AR R A A
GAM ;773 AR R A
IR O TR A A g RTRL T A AR AR A BR A
3-TH R ER IR £ (3-NPH-HCI) g AR AR TR A
1- 256 (3- ARG A ) B Wb iR s R AR A TR A F
e PR UN} XA=37 l]

FoAt s A AR A I e drat, W E TN IR 5 5 A IR A

4.2.3 LWIRE

R A-1 SIARL S B

S B R GRS HFETR
ERBED ] GHP-9160N T & I REHEA R A
GERE ) SW-CJ-1FD T
IREERE R4S 350 mL H A =35 b bk ot
IRE AR AnaeroPouch H A =38 TUilffb s bk sl tt:
BEARAX EIx-800 Bio-Tek
R B Ol TDL80-2B b R
TE i 7K B HHS g RSO A BRA
UPLC/Q-TOF-MS X500R 2 SCIEX
T Bt R A BF06144 AL B G e AR A IR )

4.3 I E
4.3.1 1EFERECH
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MCB 15772 I EC %) FREXAN B 2 (iR 650 mg, K=& [k 500 mg, f#
AR 250 mg, B2REE 300 mg, KCI 200 mg, NaHCOs; 200 mg, NaCl 450 mg,
MgSQO4-7H20 50 mg, CaClz-2H20 45 mg, MnSO4-H20 20 mg, FeSO4-7H20 500 pg,
ZnS04-7H20 500 pg, HFREINEEE 40 mg AT 100 mL #B4liKh, 780V S .,
] NaOH AT pHE R 7.4, 32l EFEmEKE (121°C, 20 min).
£ MCB 157234 #1312 50°C, 4 100 mL AR5 F=3E 0N 25 ul 5 mg/mL 76
B S I 2T 2 A 500 pl 1 mg/mL BHE 44 & Ka.

MM 55 7% 35 () Bic 1)U FREL KH2PO4(pH 7.2)1.36 g, NaCl 87.7 mg, (NH4)2SO04
112.3 mg, FeS04-7H20 38.92 ug, L-F-Mt& L 48.5 mg, L-4HZ R 3.103 mg, MgCl.
952 ug, T 100 mL #E4iKH, HHRSERE, R H pHER 7.4, 5363
WEEEEKE (121°C, 20 min), ff MM }iF=EAH1F]2) 50°C, & 100 mL
R FRIE NN 5 uLS mg/mL LEAMIMLLZE, 100 pull mg/mL Jow 484 2=
K3 15 puL 0.1 mg/mL T 4E 4 % Bizo

GAM £ 37 E . Z MU R 4.9 g GAM E5 77255 T 100 mL 4l
K, AR R AR, ®E KR (121°C, 15 min). f74 21312 50°C
i, 4 100 mL GAM 55 F2 F5 I\ T B 0.1%4E 45 & Ky FJE 1 546 M40 3 (5 mg/mL)
& 1mL.

MRS 55755 FIRLH] . 2 B8 AR 5.224 g MRS 5557 3E %4 T 100 mL #B4f
7K, FI NaOH #745 pH % 7.8, %208 5 Ak EE, =& KE (118°C,
15 min).

4. 3.2 ZHEX IS EE KRR

K MRS 8572500 BL 1 LGG I1X P bk i A B 29 il kAT IR 35 7%, 3G R
N 37°C, REIE FEFHE®)E, 3000 rpm B0 5 min J5&EDTE, H MCB
BRI — O R B B K FE & ODeso fH 9 0.2-0.3, 75

K GAM K= E:xt BO Ml BT X RT3 Al kAT RS 7%, B3R iR S
N 37 °C, MRIEWEARIAERARE, H5IRASTE 24-48 h J5, 3 000 rpm &0 5 min J&
WARDTE, H MM 85580 50T, FHRH MM 8553 2R B R AR, 138 B vk
% ODe3o £ 0.2-0.3, % .

T K AL 10 mg/mL HAPS2a. APS2a. HAPS2b. APS2b. HAPS3a. APS3a
ZHERI . Ba(E 96 FLARAFAEFLINN 100 pL AR B ORT 100 uL Rk 2 bE,
DL FE N 5.0 mg/mL [ HAPS2a. APS2a. HAPS2b. APS2b. HAPS3a. APS3a
VERREFRE A ME— IR, BRFLSAREDN 200 pl. DASEPRER I JE B /K AE 9B 1
XTIE, L2 FE 43 704 5.0 mo/mL ()7 25 BE 45 SH P xS B, AN 5 75 il = AN E AL
TERESAE T 37 °CH4 9% 60 h J5 FH AR AC 5% ODeso 1H -
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4.3.3 WREESESINS TENE

LGG. BL. BT. BO fE£F 5 mg/mL HAPS2a. APS2a. HAPS2b. APS2b.
HAPS3a. APS3a AME—fikJE 1 MCB 15 72 58 MM $5 772 37°CIR & 1: 77 60h.
WA & RE) HIEW, B OBEAERR S, TR 5.

£ B TKBCHIRE )y 1 mg/mL 2 B4, KR 2.3.5 17 75E 2
R B TR AR [ A S ) 90 T AR AL 0L

4.3. 4 EHEEFFEREZHE IR BARLA RN E

HU 1 mg “4.3.3”7 J5ikBRELGT G IR =), I 3.3.1 I iEEE &R K
fifi-PMP fiT44k 5, UPLC/Q-TOF-MS &l B4 20 ft o

4.3.5 Fa4EREBRELAYE

A FAE AR RTATAEAL UPLC/Q-TOF-MS J7 3220 52 B ik [ i 22 4 7= A= 1
NI -

AT 6% FREL 189.6 mg 3-AFE K LR (3-NPH-HCD), A
5 mL 60% 2 5 R, #1453 200 mM 3-NPH-HCI (BLECELA D . FREX 92 mg 1- 2. 3&-(3-
TS R ) R % R £ (EDC-HCDAE T 2 mL 2555 17K #1145 240 mM
EDC-HCI; ¥ 240 mM EDC-HCI 5 12%MtigiER AR S, 58] 120 mM
EDC-HCI-6%M 1 %57

BEX R BB RS &: 25 60%Z5HEH] 10 mM KITHER . 2. IR,
TR LR NBRER O B ST, SR TR G R R I VR & 25 pL YR& 5
60% L fifE A2 10 mL, F3¥REESN 50 uM HITR A % HE G IE TR

PPRIE R I & ARSI R 2- I RIRVE N NARE .. I 1 mM 1 2-
F 3L % 200 pL 5 200 mM 3-NPH-HCI.120 mM EDC-HCI-6% I %7 %% 100
ul, JBEIS], #H 30 °C/K¥ 30 min, 285 ZRHIKKI A4 1 min, 12000 rpm
fRIEESC 10 min, SAJEH 10% 45 e A % 10 mL, BIAATAL I FRIE T -

VB AN R VR I ATAE AL . WREL 50 uM IR A% R ER A 200 wL, AN 200
mM 3-NPH-HCI 5 120 mM EDC-HCI-6%: e i % 100 pL /R &)%), H 30°C
K EA HER E 30 min, 28 J5 32 R VKK %1 1 min, 12000 rpm &35 250> 10 min,
B BONATAEACKRAE I . BERE AR, WROAT AL N FRIAR 15 pL 5T
BRI VA 300 pL YA o

Btk AR =Y AR %1% LGG. BL. BT. BO 7EZ&K¥ 5 mg/mL
HAPS2a. APS2a. HAPS2b. APS2b. HAPS3a. APS3a ANME—f&IE] MCB £5 3%
Feol MM 5353 rh 37°CIRE 1S 7% 60h, 12000 rpm 5.0 10 min, BX_E7E W 100 pL,
BN 100 pL 2., 7843821 Ja I\ 200 mM 3-NPH-HCI.120 mM EDC-HCI-6% it

WEFSI 25 100 uL, JRA 25T, B 30 °C7K# 30 min, 2R 5 572 B H UK/K A1 1 min,
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12000 rpm iz 550> 10 min, HY_EF RI1S B R B A 2 B = AT AR AL i . bR 53
PTET, WRELATAEAC N ARIE R 15 pL 5 M= AT A AL 300 pb VR 5 .

UPLC/Q-TOF-MS 4r#7: {tifk:: L ACE Excel2 UPLC C18-Amide (2.1
mmx100 mm, 1.7 um), LA 0.1%H /K (A) -2 (B) NFsAH AT e,
RN 1L, EA 0.35 mL/min, #HIECA 35 °C, FEMEIREA 15 °C 1 b
e WK 4-1.

R4 ESI BT, S TR0 RS, SR SCIEX OS W #B K IE
ITREIE, A6 1% 22 : m/z 50-600 Da, & 75 Hi i : -4500V, &5 1% : 600°C,
HEFLA I E: 50 Lih, F4LA: 500 Lih, T18S (Gasl): 55 psi, K AR (Gas2):
55 psi, flifES: 7psi, MiEAEE: 10 psi, ZEFEHIE: 80V, FHiRfA: 0.52s,
L REER ] : 0.1 5. IDA ZHE : IDA fill k10 AN 15 T34 i fe & 35V,
b FE FE 22 N+15 eV, Al HL R 35 eV, i4iVEHl: m/z 50-600 Da, 25/ HL I
80V, JaZhANAY R, IR ERINE T5RE ) 10 cps.

IR 5 A2 22 B =40 i R B IR T R P 1 o A 5 B e < B S A v A
SR BE I A] . TS RLARIE DL A% LE S BAEXT R, X B R B A 22 B = A I A L
B AT 45 58 o LA R I R AR A i 5 P ARIR B 2 LA AR b, D THTAR 22 LL AU A A,
cxtfilbriEh 42, 192 EETTRE, SRS HE AR PR AR 2 B8 = Y InlAS I & A LR S5 N
PRk BE T AR ) ELAE AN ENA T2, THEAS BB bR IS 2 B = A HLER 0 &

Ho

% 4-1 UPLC RGibhEvE i

P[] A% B%
0 85 15
2 85 15
10 70 30
18 60 40
23 45 55
24 0 100
26 0 100
27 85 15
29 85 15

4.4 THERSH

4.4.1 ZEMNHEERE KA
TERESAM T, 430 5 mg/mL ¥ HAPS2a. APS2a. HAPS2b. APS2b.
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HAPS3a. APS3a fE N5 77 EEME— B, 7E 37°CH PR SFAF TR LGG. BL.
BO A1 BT B4 60 h. FHREGHRACHIE ODeso FIMHEE, HiiE IR %, LLT MR IUFh ok
AL B AE DAAN[F) 38 5 0 B 5 0 RS 2 W ME — B 3 I35 7R 2 h I AR S L S5 45
BO(E 41 £

(1) TEMRAMREMRIEFRSLIR R, 20— R BH PR X B 1096971 - 57 o f
RRAAARLY, DU A B OE LA AT B NI i R R B () AR KO B A, IX T RE 2
DRl g7 0 W 2 B, 1) HAPS2a. APS2a. HAPS2b. APS2b. HAPS3a. APS3a
BIRRTARZHE, MXmE, BEmENsag LR mEe, 5o i
Az BRI S DR T W 2 D B R ) A R B B v 2.

(2) HAPS2a. HAPS2b. APS2b. HAPS3a RJ X} BL 4= K45 % B & i fe i3k
YER, 11X HAPS2a 5 HAPS3a Xt LGG 2L KA RHEEH, HALKEY LGG 1)
A KR NS . X T APS3a, HAPS3a fiths i ZEi LGG kK, iXth
5 AR A mi AR oA — 2

(3) ZHEFES A, BO 5 BT BMAEKE B3y B3, X ATRe&Fh BO
BT BT IZ M2 HERIRE ST, EATTRT B AR A B2 AN e LM I IR 11 1 8 2R
HHHEY 2 BECR, B APS2a (P<0.05) b, HAhFHANKEZ FEXT BO (P<0.001) [
fRAEKAE %L BT B 5% (P<0.01). XA[REZEN, X+ BT, BO H1AIREAEAE
W2 MM HAPS 5 APS B E /KRG . A SCHR O 2ol i JE R ZH 007U 38 BO
BT HAAFEMEREA, BO & KRR 14E R 2 Mt f a0,
HAPS 5 APS [N EAP-FNEEE. BURiapslt. PrLpmemg s, WA/ >8
(7 2 PR R L . ) A ML T LT 5 A e SR AR AR B P, e4h, BO AT FAf#
1A-WELFEE, AP SN2 S A RE N L4 S8R,

I 74 BO R -
1.5+ 1.5
g :
Sal :
T 1.0 = 1.0
8 ] - :
E 0.5 T j E 0.5
H = g
5 &
© 0.0-

e
=
1
|

[
[
1

Growth of BO at ODg3g
Growth of BT at ODgy
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& 4-2 HAPS2a. APS2a. HAPS2b. APS2b. HAPS3a. APS3a i PUFHAS [F] i i e B Ak K 5
M (SN2 PET-ZH5 blank 4L, *: P<0.05, *™:P<0.01, *™:P<0.001; #A5% i1k 1S % b
HEREZHEHAMIL, # P<0.05, #:P<0.01, ##*:P<0.001)

4.4.2 RIS EEMNS TES BREERNE

R EiRszEs, AT M LGG. BL. BO. BT iXVUtkHESA 5 mg/mL
HAPS2a. APS2a. HAPS2b. APS2b. HAPS3a. APS3a £ ¥R F- 4K
L. ZHER &SRB RSB R A TR 1 22K I T8 TR A R 454
ZAEPERARUR 52 o O Tk —20 7 2 Wi R DR R 5 20 200 A S
B 2EL R AR AL I O, FRATTN B A P R 1) 2 BB 4y AT T HPGFC 5
UPLC/Q-TOF-MS 4347«

(L MKE 4-3 fTLLEH, TERZHEREWKIENRIR, 208 —XFR
OpElg; fELEWAIG, P2 ROl ig HORE A SR, B — K
SRR A, N T EEANERE. FEre, RIKIW LGG 5 BL
TEF#f# APS2a 55 APS3a I, [~V (il AT N AHEL, LGG K& BL B AT RES
A AH R B ARABL Bl 22 B Af APS2a 5 APS3a H ) — Lo 4 98]

(2) TATWEH], APS2b & BO il HAPS3a & LGG [ {fu i &t B W &2 fr 4
B INF 7] J5 7% ) B0G , 26 B APS2b Al HAPS3a 73 4 BO 5 LGG P& AR R T &,
X 5 bR sz 4k B APS2b 1] B 23 BO K94 K (P<0.001), HAPS3a AJ & 31
#LGG ALK (P<0.01) M—3. th4h, HCHRIRIE, ZHEMMFRETE— R
KA WEMAEYIBERIZ S, WX 2 5 R AR B X BERE Ry € 1 —#84>, BO
A DLBEME 1,4- BB 50, APS2b & BO [0 ik B b () i T RE T
APS2b SZHE - IRER S 1,4-GalA B A A -

(3) HE 4-4 \TLLEH, WRIEMEZHE LIS Gle. Fuc SRR & &
A FT G0 o BT A B 8 P S A8 O B SR AT R B D 401V E F , #k B 524 5 kDa)
SOEE SRR A, DR HERR 25 AR B AR KO FE R B SR R . 20 R 2 AN
(LR AE R, I BE B B R AE — TR b, — ORI, ZHEEE N, Ho
JIT 75 (B 2 « AW TE R I, G B2 AR R 2% 2 WA E A RRR AT AR S5 FR T RN
KA TR ZHETREW LIS ZAE N, BAw N R EERE RS, A aedt—D
RIS, w7k, BT @ik ZAZHRAALS (PUL) W FEEIE, FIFAF
(1) PUL g R AS 5] SR IO BB K i, {3 Rha-GalA M 4 R0, bk, #o
RI, &4 Ara.Rha 1 Gal 1) 2 b B A S 1 a8 AR VS T, FLAT W AT FRAE 5 A 1,4-B
PR, 1,3-B WEEBEEN 1,6-B 4 AEI893981001 Yy ACHIF 75 Hp 3 B (1 7S Bk 22 B34
SH LRRYE, BIXEH 14058, 1358, 1,6- 8 EreE, HEl
IAF fiff X L B X R S R R R TR 20 . DRk, S5 A TR R,
FATIN 9 T Bk AT R A2 I F IR A N ) 5 B HAPS2a. APS2a. HAPS2b.
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APS2b. HAPS3a. APS3a [y —te0 1R/ MIREOVE S A KR MR E.
Blt, FATAY LIS Gle. Fuc S& s S BRI, 2t T 20 b i A

)5, Glc. Fuc FIAHXT &= I,

— HAPS2a
— HAPS2a&LGG 227 —— APS2a
121 —— HAPS2a&BL 19 APS2a & LGG
—— HAPS2a&BO ] - APS2a & BL
104 —— HAPS2a & BT —— APS2a&BO

—— APS2a &BT

T T T T T
1012 14 16 18

24 26 28 30

2 4 6 8 20 22
Time (min) Time (min)

207 40 — APSZb
184 —— HAPS2b —— APS20&LGG

—— HAPSZb & LGG 35 —— APSZb&BL
16 7 —— HAPS2b & BL ——  APSZb &BO
11 —— HAPS2Zb&BO 304 —— APSZb&BT

—— HAPSZ2b & BT

10 20 30
Time (min) Time (min)

09 —— HAPS3a
284 — HAPS3a&LGG ']
264 —— HAPS3a &BL —— APS3a
24 4 —— HAPS3a & BO 12 4 —— APS3a&LGG
99 ] —— HAPS3a &BT — APS3a&BL
204 104 —— APS3a&BO
18 —— APS3a&BT
16 - 81

14 1

12 4 A=

104

8 4

ﬁ -

44 a9

2 :

01 o o

T 1 1 T 1 1 T
5 8 10 12 14 16 18 20 22 24 26 28 30 10 20 an
Time (min) Time (min)

4-3 HPGFC £l LGG. BL. BO. BT VUM i {EH T HAPS2a. APS2a. HAPS2b. APS2b.
HAPS3a. APS3a J& 1 Fi5Tk
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GOOOO00

5000000

A000000

3000000

2000000

1000000

BOOO0O00

000000

4000000

3000000

2000000

1000000

0

000000

000000

- Mannose

M HAPS2a

i . ||l. [\ HAPS2a & LGG

mix standards

Arabinose
alaciose

PR 1| S
J\_J\_aps2as Lce

GOMO000 Fucose

SOCO000 <

ADOODOD

mix standards

1\

N\ I HAPS2b
e JU\__/\_HAPS% &LGG

[\ HAPS2b & BL

w11, HAPS2b&BO
AN AN

HAPS2b & BT

5 10

15
]
mix standards

1000000 -

3000000 -

2000000 -

1000000 -

f\ J l, H l] | ||I HAPS3a

HAPS3a & LGG

|| HAPS3a&BL

0

K 4-3 UPLC/Q-TOF-MS il LGG. BL. BO. BT 1+ HAPS2a. APS2a. HAPS2b. APS2b.
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3000000 -
| S _\h_ Hps2ageL ] JUnsrsse
| N W _,.-\J-'I |1 HAPS2a 880 000000 A _____;"'\J-'I |/ APS228BO
. /\jLNIEL&B'I" ) N[Lf \_APs2a& BT
5 10 15 10 15

mix standards

APS2b
4000000 4 APS2b & LGG
I W—

GOOGO00 -

APS2b & BL
2000000 =
APS2b & BO
_—A_/\_A/\——r\ﬁ\_)'rk_)'L,_,_j\__H__
. NN \ WL L
2 4 [} 8 10 12 14

10000000 mix standards

S000000 —‘ﬂ_‘ﬂ_f\/\_ﬂj\ﬂw\“

AN

N APS3a

BOODOOD <
APS3a & LGG
_____ o A A\ aessasice
4000000 < ’

APS3a & BL

2000000 N _JnL A A\ JFLAPS%_& BO
I N | - \ i i

N _/\}'.\Jf\APS:’r &BT

2 4

0

T
[ 8 1o 12 14

HAPS3a 5 APS3a 1] &7k

4. 4. 3 EPKRIER S FEFTY) SCFAs. FLEAFNRERES B9 E

*® 4-3 FHURbrHEM L2

EEWINzd Pt Hh 2677 1% R?
7.1 y = 0.2467x + 0.3732 0.9904
PR y = 0.586x + 0.2206 0.9910
TH y = 0.3646x + 0.4374 0.9919
2L y = 0.3046x + 0.1022 0.9943

T i y = 0.0965x + 0.055 0.9965
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ASZIGIE T 4 P25 LB AE L HAPS2a. APS2a. HAPS2b. APS2b. HAPS3a.
APS3a E NRIR 1) 5 53 b [RE R 7% 60 h Ja = LA HLER KR E, % SCFAs.
FLIR AN A B R b A it 26 7 FE WK 4-3. HHIE] 4-4 W LUE HY

LGG. BL. BO. BT 7ELAA[RI I 2 BEAE 9t i) 15 77 5 vh AR K AR )
FEHAR (LA, 48 (AA). HZ (PA). TR (BA) MK, LGG M&fi#
ZHEE FE L LA M AA, BL BEMEZREE 124 AA MIEERR, BO 1 BT
P2 B J5 E B4R AAL BA Tl PA, R LIRISANKE 2 W AT AE B lipg ik
DU A 2 A= B R 9 B~ AR 28 118 = AR =4

BA B R Z = A WA, BAPR . JrMBEER, HEH APS2b & BO 1]
PLEH, BO EAIF APS2b 1= E =4 AA Fl BA, XAl fESE T APS2b FisE &
AKEM Ara Kl thsh, H3CHiRE, AA & BA FI3GMEZmT Gal &
GalA HI& 1, PA KN EZH T4 Ara & Gl [ % 621021081 (At 47 v
EAAT RIS K 2 B 45 0 TR 35 A R BB ) Ara, Gal B¢ GalA, i3l & APS2b
1 50% LA 11 GalA FIRk, iXm]fg2 APS2b #FIH =42 K& AA 5 BA 1R A .
IR A, A TR A 20, A mZ i S E RS BB, Kk BA T
SEALEMZHE T4 (APS2a. APS2b. APS3a) HH#¢# M (HAPS2a.
HAPS2b. HAPS3a) .

H LGG Fr= A AL & EAE & b 2 BB T T4 (HAPS2a. HAPS2b, HAPS3a)
. —MckUL, LA HALBRR =, EAERMMSERERFP T EN, BT
FUFFE AL, At @ AR 285 A LA 7242, X2 RN T BRI B 38 7 DAE
PR BA AL LA, Xk R T AR R A A AR A, Ak, iE )
BE B2 TR 2@ R K A B A 23 AT 5 HeAth SCRA F= AR AR,

4.5 KREINL

HAPS2a. HAPS2b. APS2b. HAPS3a fJ %t BL f4 KA 5 B B IRt EH
A HAPS2a 5 HAPS3a X} LGG IAEKARIE, 1 Hi&/SFZ X BO #1
BT ¥A R IMRAKIEM . (REXATERIZHEXT 4 Fhas A4 w1 R A KA 2
H75%: HAPS2a 5 HAPS3a X} BL {2 4= KA F H 73 il %t APS2a A APS3a i %,
APS2b % HAPS2b & %% . HAPS2a X} LGG it A= KA % APS2a &%, HAPS3a
B APS3a i 7 o ik APS2a b, HoAth 11 MFG 2 X BO e AE AR FHEL BT @5 5.
TEZ WA G, BEMAR 205 I vE g H ORI 55, Y— IRk 2 Bl s vk
MR FEE/ N RN . BT 2 ARG, BER. 5 s &
R . LGG. BL. BO. BT 7ELAAFEIHIKE 2 BEAE kiR 185 77 2 vp A K AR
WY EEAH LA. AA. PA. BA FITARRRR, (HIET BRI & =/EAMZIET A
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APS2a. APS2b. APS3a F %51, H1 LGG =4 I FLIR & &7 HAPS2a. HAPS2b.

HAPS3a 4% & -
Blank-Water
1004
_ ] Pyruvate
E mu Butyrate
5 ] Propionate
F 504 Acetate
§ 1 mm Lactate
[z 4
c A
o 4
o 3
01—y T T
LGG BL BT BO
HAPS2a APS2a
1004 1004
. 4 B Lactate —_ 1
= ] = ]
A Acetate 5 ]
_E ] . Propionate 'E ]
© 50 Pyruvate ® 50
‘E ] — ‘E ]
@ E @ 4
Qo E Q p S
c - c 4
o E o r
o O
3- T T T T 3- T T T -_
LGG BL BT BO LGG BL BT BO
HAPS2b APS2b
100 100
3 Pyruvate 3
c ! Propionate ¢ ]
o o ]
T 50 ACEIHR T 50 . l ]
£ ] ) B Lactate i ] -
@ 1 @ B
o < Q 4
c . I c r
o o p
0 T T T 0-] T T T
LGG BL BT BO LGG BL BT BO
HAPS3a APS3a
100 Pyruvate 100
s W Butyrate s
2 ] . 2 ]
g . ! Propionate s ]
£ 50_: Acetate = 50_:
£ ] B Lactate £ ] ] =
@ E ) 4
Qo E [} p
s 1 s 1
s M S 1m
] [ | ]
0 T 0 T T T

T T T
LGG BL BT BO

LGG BL BT BO

Pyruvate
B Butyrate

Propionate

Acetate
B Lactate

Pyruvate
W Butyrate
! Propionate
Acetate
B Lactate

Pyruvate
W Butyrate

Propionate

Acetate
B | actate

K 4-5 LGG. BL. BO. BT fEH T HAPS2a. APS2a. HAPS2b. APS2b. HAPS3a 5 APS3a
W R SCFA KI5 &
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FRE 4t tFaERE
5.1 &g

AR SO [R]— LI B 3 BN B B 2 o B A A5 2 6 AR 26, X
BEEERIRAE, FEUKE Z B A TR AL ME— IR, IRIUEATEAR I AT R . L
NI U 2 e R i e (AW <= AL I e D 7oy

(1) HAPS A1 APS 7} B 24015 2|75 MK 2 B HAPS2a. APS2a. HAPS2b.
APS2b. HAPS3a. APS3a, ;1 & 4374 10009.7 kDa. 16844.7 kDa. 5345.7 kDa.
7664.8 kDa. 2463.5 kDa. 3373.2kDa; K J5, ZHEHIAHNT TR,

(2) Z5RFRALE R HAPS2a. APS2a. HAPS2b. APS2b. HAPS3a. APS3a,
BIREH BB BN o A BB B O v B S R T 2k 2 0, A B =
2R G2

(3) HAPS2a. APS2a. HAPS2b. APS2b. HAPS3a. F1 APS3 [¥] &2 ik,
e AEL, 4 Man. Rha. GIcA. GalA. Glc. Gla. Xyl. Ara #%, 4,
HAPS2b. APS2b. HAPS3a. il APS3 &% A /D& Fuc. {HZ %K Rl 5 Hpl 4Lk
ML A8 fk, EEAABIAE Rha, Gal. GalA. Ara Ebfil B 5.

HAPS2a #I1 APS2a ] Rha & EZ R K, 70418 1.47%5 10.05%, HAPS2a
i GalA Al Gal [ EE/R 7 23 L7351 0.22%A11 50.76%, 1] APS2a 1 GalA £l Gal
() BE /R T 43 Eb 3 51 A 8.76% 11 33.52% . HAPS2b 71 Rha 1 Ara [ B8 /K 1 43 He 433l
N 9.27%#11 25.01%, Tfii APS2b T Rha A1 Ara )8 /K 71 73 bL 23 514 21.41 F19.26%:;
HAPS2b 71 GalA 11 Gal ¥ B /R 1 43 bb 2373l 9 45.79% 1 15.75%, 111 APS2b 1 GalA
A1 Gal B /R T3 43 B 20 591 9 51.08% 411 15.34% . HAPS3a 11 Gal A1 GalA HIEE /R T
B3N 22.66%41 33.24%, i APS3a H Gal Al GalA B /R 1 70 L2y 5
11.87%#I1 49.55%.

(4) HAPS2a. APS2a. HAPS2b. APS2b. HAPS3a. Al APS3a 7 kit
REPEREAR P EF —E W ER, FERIIE: HAPS2a 1 E8E FEH
1,3,4-p-Galp. 1,6-a-Galp 2%, 1] APS2a [ 3= 5%+ % i 1,3,4-0-Galp+ 1,3,4-B-Rhap-
1,6-a-Galp+ 1,3-a-Rhap 4 % . APS2a [ — 45 /I Hi%EH 1, 4-a-GalpA Fl T-a-GalpA
R T T Bk A 5 9 A S R MR BB PR B A7 AE T HAPS2a 1, H APS2a I 852 «
TR 200, HAPS2a I FBER B MBI A PE. HAPS2b 35 2
1,2,3,4-0-Galp . 1,3,4,6-0-Galp . 1,2,4-a-GalpA #H %, APS2b [¥) ¥ 4% = %
1,2,3,4-0-GalpA . 1,3,4,6-0-GalpA . 1,2,4-a-GalpA 4 i . APS2b # 5
1,2,3,4-0-GalpA 1 1,3,4,6-0-GalpA P FURERE IR, 7£ HAPS2b — 2 &5 K b
BEA DL 1 1,2,3,4-0-Galp A1 1,3,4,6-0-Galp FPEE AR RIEAAAE, HER
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FEALLFR BB 25 #4358 93 . HAPS3a il APS3a 8544 1 1,2,3-B-Rhap. 1,4-0-GalpA.
1,2,6-B-Galp- 1,4-B-Galp F1 1,2-a-GalpA 2 i . {H HAPS3a ] — 2 bl % 45 74 5 APS3a
HA ML R FR 7y, APS3a i 1,4-a-GalpA Al 1,6-0-GlcpA i i iR 5%k L 7E
HAPS3a 71 LLAH B ) FR PR R AR B AR A

(5) BRI GZHEXT 4 Ms A FH I R b g R 2R, FEAILE.
HAPS2a 5 HAPS3a %f BL. LGG M A= KA EH 7 ilE APS2a F1 APS3a 3%,
APS2b %t BL HIEAE KA E: HAPS2b 535 . [ APS2a #b, oAl FLANKE 22 K5t
BO HMEAKAEHE BT WM. =M FEFAR. LK. W, TRMNA
iR, (5T ERI & B4 S 2 W T T4 APS2a. APS2b. APS3a 45w, H1 LGG
B A i FLIR & B HAPS2a. HAPS2b. HAPS3a 4145 .

5.2 BlETS

(1) ARICNER MBS 2] 7N MR Ky T EA
[l AR 2 B, IR eI BT YD e, IR HEBCE R TR 2R A i AE
.

(2) AR RS H M T B = 20 2R vk, HIPRT S
BRI DU o 2 A= T B AR R S

5.3 RE

FEARTETEH, X T AR B AR 22 B O 2540 73 TR T 7 0 5 SRR AR, Jim 48
BIF 5 Hh A B2 T LUK e g 22 W RO S gt AT A A, 2k — 2D 1 ] 2B AR 5 2 )
HIFIREOG 22 EAh, XTSI WT 70 R BR T IR R s e e, 8 )a
SR 96 R Fh AT UGS A AU ) JE Al o o e i 0 TR A U D R AT AT
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