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Supplementary methods
S1. Materials

Monosaccharide standards, NaBHs, D20, trifluoroacetic acid (TFA), 1-pheny-3-me-
thyl-5-pyrazolone (PMP), N-cyclohexyl-N-(2-morpholinoehtyl) carbodiimidemetho-p-tol-
uenesul-phonate (CMC) and anhydrous DMSO were purchased from Sigma-Aldrich (St.
Louis, MO, USA). L-cysteine methyl ester, O-tolyl isothiocyanate heparin and quercetin
CRS (purity > 98%) were purchased from Macklin Bio-chem Co. Ltd (Shanghai, China).
Packing material DEAE-cellulose and Sephacryl S-200 were purchased from GE
Healthcare Bio-Sciences (Piscataway, NJ, USA).

The barbital buffered saline was purchased from Beijing leagene biotech. Co. Ltd
(Beijing, China). Sheep erythrocytes (EAs) were purchased from Shanghai Shengwei bio-
tech. Co. Ltd (Shanghai, China). ABTS and FARP Elisa kits were purchased from Beyotime
biotech. Co. Ltd (Shanghai, China). Guinea pigs and New Zealand white rabbits were
purchased from the Laboratory Animals Research Institute of Fudan University, Shang-
hai, China. Guinea pig sera (GPS) were obtained from Guinea pigs and anti-sheep eryth-
rocyte antibody was from rabbit antiserum which was provided by Associate Prof. Yunyi
Zhang (School of Pharmacy, Fudan University).

52. Homogeneity and Molecular Weight Determination

The homogeneity of MBAP-1 and MBAP-2 was analyzed on an Agilent 1260 HPLC
system using the G5000 PWxt (7.6 mm x 300 mm, i.d. 10 um, TOSOH, Tokyo, Japan) and
G3000 PWxc columns (7.6 mm x 300 mm, i.d. 7 um, TOSOH, Tokyo, Japan) in series and
eluted with water at 0.5 mL/min, detected with Agilent 1260 infinity ELSD. The drift tube
temperature of ELSD was set at 100 °C, and the nitrogen pressure was 3.0 bar. The molec-
ular weight (Mw) was determined by high performance size-exclusion chromatography
combined with multi-angle laser photometry, as well as using a refractive index system
(HPSEC-MALLS-RI) (DAWN HELEOS II, Wyatt, Santa Barbara, CA, USA) according to
the previous literature [1]. The data were analyzed using Wyatt ASTRA 6.1.5.22 software
(Wyatt, Santa Barbara, CA, USA).

53. Monosaccharide Analysis of MBAP-2

The unknown monosaccharide in MBAP-2 was analyzed by GC-MS [2]. Briefly,
MBAP-2 was firstly fully hydrolyzed with TFA (4 M) at 110 °C for 2 h, then reduced by
NaBDs and acetylated by acetic anhydride/pyridine. Finally, the alditol acetates were an-
alyzed by GC-MS (QP 2010 Ultra, Shimadu, Japan) attached to a HP-5MS column (0.25
mm x 30 m, i.d. 0.25 um, Thermo, Waltham, MA, USA). The partially methylated alditol
acetates (PMAAs) were assigned by ion fragment analysis.



S4. Reduction, Methylation and GC-MS Analysis

First, MBAP-1 were reduced three times with CMC-NaBH4 using the method de-
scribed before [3]. Furthermore, the reduced product of MBAP-1 (labeled as MBAP-1R),
MBAP-1, and MBAP-2 were methylated according to the Hakomori method with some
modifications. In brief, MBAP-1R, MBAP-1 and MBAP-2 were dissolved in DMSO, meth-
ylated with CHsl, hydrolyzed using TFA, reduced by NaBD4 and acetylated by acetic an-
hydride/pyridine. The derivative products were analyzed by GC-MS (QP 2010 Ultra, Shi-
madzu, Kyoto, Japan) attached to a TG-5MS column (0.25 mm x 30 m, id. 0.25 pum,
Thermo, Waltham, MA, USA). The operation procedures of GC analysis were set as fol-
lows: injection and detector temperatures were both 250 °C. The column temperature pro-
cedure was set as follows: initial 150 °C and holding for 5 min, increasing at 2 °C/min to
220 °C, holding for 10 min, and then raised at 5 °C/min to 240 °C, holding for 5 min. The
partially methylated alditol acetates (PMAAs) were assigned by comparison with reten-
tion time, previous reports, and the complex carbohydrate research center spectral data-
base (CCRC, https://glygen.ccrc.uga.edu/cerc/specdb/ms/pmaa/pframe.html#na), and
their molar ratios were evaluated by the peak areas.

55. NMR Spectroscopy Analysis

The '"H-NMR, BC-NMR, HSQC and HMBC spectra were recorded at 24 °C with an
NMR spectrometer (600 M, AVANCE III HD, Bruker, Fallanden, Switzerland). The de-
tailed parameters are summarized in Table S1.



Supplementary Table and Figure captions

Table S1. The detailed setting parameters of MBAP-1 and MBAP-2 in NMR experi-
ments.

Figure S1. The HPGPC-ELSD results of MBAP-1 (A) and MBAP-2 (B).
Figure S2. The GC-MS spectrogram of monosaccharide of MBAP-2.

Figure S3. FT-IR spectroscopy analysis of MBAP-1 and MBAP-2. (A) The spectrum of
MBAP-1. (B) The spectrum of MBAP-2.

Figure S4. The mass spectra of PMAAs of MBAP-1.
Figure S5. The mass spectra of PMAAs of MBAP-2.
Figure S6. The 'TH-NMR (A) and *C-NMR (B) spectra of MBAP-1.
Figure S7. The 'TH-NMR (A) and *C-NMR (B) spectra of MBAP-2.

Figure S8. The "H-NMR and *C-NMR spectra of quercetin in ds-DMSO and de-DMSO:
D20 (1:1).

Figure S9. The AFM results of MBAP-1 and MBAP-2.



Supplementary Table

Table S1. The detailed setting parameters of MBAP-1 and MBAP-2 in NMR experiments.

Sample Name Experiment Spectron}if;;:)r equency Spectral Width Nusnc1 :::: of Acquisition Time

MBAP-1 H 600.13 12019.2 64 1.3631
BC 150.9 33333.3 14943 0.983

HSQC (600.13, 150.90) (6313.1, 26455.0) 128 0.0811

HMBC (600.13, 150.90) (6313.1, 33112.6) 928 0.1622

MBAP-2 H 600.13 12019.2 64 1.3631
BC 150.9 36231.9 10240 0.9044

HSQC (600.13, 150.90) (7812.5, 24875.6) 128 0.1311

HMBC (600.13, 150.90) (6313.1, 33112.6) 192 0.1622
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Figure S1. The HPGPC-ELSD results of MBAP-1 (A) and MBAP-2 (B).
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Figure S2. The GC-MS spectrogram of monosaccharide of MBAP-2.
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Figure S3. FT-IR spectroscopy analysis of MBAP-1 and MBAP-2. (A) The spectrum of MBAP-1. (B)

The spectrum of MBAP-2.
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Figure S4. The mass spectra of PMAAs of MBAP-1. (A) 1,3,4,5,6-Penta-O-acetyl-1-deuterio-2-O-me-
thyl-D-glucitol, (B) 1,2,3,5-Tetra-O-acetyl-1-deuterio-4,6-di-O-methyl-D-glucitol, (C) 1,4,5-Tri-O-ace-
(D) 1,4-Di-O-acetyl-1-deuterio-2,3,5-tri-O-methyl-L-
arabinitol, (E) 1,5-Di-O-acetyl-1-deuterio-2,3,4,6-tetra-O-methyl-D-galactitol, (F) 1,3,4,5-Tetra-O-ace-
(G) 1,45-Tri-O-acetyl-1-deuterio-2,3,6-tri-O-methyl-D-
galactitol, (H) 1,4,5-Tri-O-acetyl-1-deuterio-2,3,6-tri-O-methyl-D-glucitol, (I) 1,5-Di-O-acetyl-1-deu-

tyl-1-deuterio-2,3-di-O-methyl-D-arabinitol,

tyl-1-deuterio-2,6-di-O-methyl-D-glucitol,

terio-2,3,4,6-tetra-O-methyl-D-glucitol.
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Figure S5. The mass spectra of PMAAs of MBAP-2. (A) 1,3,5,6-Tetra-O-acetyl-1-deuterio-2,4-di-O-
methyl-D-glucitol, (B) 1,5,6-Tri-O-acetyl-1-deuterio-2,3,4-tri-O-methyl-D-glucitol, (C) 1,3,4,5-Tetra-

O-acetyl-1-deuterio-2,6-di-O-methyl-D-glucitol,

(D) 1,4,5-Tri-O-acetyl-1-deuterio-2,3,6-tri-O-me-

thyl-D-glucitol, (E) 1,5-Di-O-acetyl-1-deuterio-2,3,4,6-tetra-O-methyl-D-glucitol.
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Figure S6. The '"H-NMR (A) and *C-NMR (B) spectra of MBAP-1.
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Figure S7. The '"H-NMR (A) and ®*C-NMR (B) spectra of MBAP-2.
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Figure S8. The 'H-NMR and C-NMR spectra of quercetin in ds-DMSO and de-DMSO: D20 (1:1).
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Figure S9. The AFM results of MBAP-1 and MBAP-2.
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