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Pectins are nutrient components of plants and are widely used in the food
industry. In this study, one major pectin fraction (WLJP-A0.2b) with Mw
of 40.6 kDa was purified from Lonicera japonica Thunb. The structural
feature and antioxidant activity of it was investigated. Monosaccharide
composition, Fourier transform infrared (FT-IR) spectra, enzymatic hydrolysis,
and nuclear magnetic resonance (NMR) spectra analysis indicated that WLJP-
A0.2b consisted of rhamnogalacturonan | (RG-I), rhamnogalacturonan |l
(RG-11), and homogalacturonan (HG) domains, with mass ratio of 0.4:1.0:2.1.
The RG-I domain contained highly branched «-L-1,5-arabinan, p-D-1,4-
galactan and type Il arabinogalactan (AG-Il) side chains. The HG domain
was released in the form of un-esterified and partly methyl-esterified and/or
acetyl-esterified oligogalacturonides with degree of polymerization 1-8 after
degradation by endo-polygalacturonase. Radical scavenging assays indicated
that WLJIP-AQ.2b exhibited antioxidant activity through the synergistic effects
of different pectin domains. Oligogalacturonides, especially de-esterified
oligogalacturonides, showed better antioxidant activities than RG-1l and RG-
| domains. Moreover, de-esterified oligogalacturonides remarkably reduced
H>O,-induced reactive oxygen species production in HEK-293T cells. These
results provide useful information for screening of natural antioxidants from
Lonicera japonica Thunb. and application of pectin in functional food field.

Lonicera  japonica  Thunb., pectin, endo-polygalacturonase, structural
characterization, antioxidant activity
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Introduction

Lonicera japonica Thunb. (family: Caprifoliaceae) is native
to East Asian countries and recognized as edible and medicinal
food in daily life (1, 2). The edible flowers and buds are usually
used in healthy beverage to improve physical performance
and prevent disease in the form of tea, liquor, beverages,
acidophilous milk, and oral liquids (3, 4). In the past decades,
most of the studies focused on chlorogenic acid, essential
oils, and iridoids in Lonicera japonica Thunb. In recent years,
polysaccharides from Lonicera japonica Thunb. have attracted
considerable attention due to their diverse biological activities
such as anti-tumor, immunomodulation, anti-inflammatory,
anti-oxidant, and other biological activities (5-10). Pectin is a
family of galacturonic acid-rich polysaccharides found in the
primary cell wall of plants (11). It is basically composed of
linear homogalacturonan (HG) domain having no side chains,
and rhamnogalacturonan I and II (RG-I and RG-II) domains
with diverse side chains (12). Some pectin fractions have been
purified from Lonicera japonica Thunb. Lin et al. isolated a
homogenous pectin fraction termed LJ-02-1 from Lonicera
japonica Thunb. by DEAE-cellulose and Sephacryl S-200HR
column. Further analysis revealed that LJ-02-1 had an average
molecular weight of 54 kDa and was mainly composed of
rhamnose, galacturonic acid, galactose, and arabinose in the
molar ratio of 10.77:7.88:15.45:65.89 (5). Liu et al. isolated a
pectic polysaccharide (LFA03-a) from Lonicera japonica Thunb.
Structural analysis revealed that it possessed a RG-I backbone
and substituted at O-4 of L-rhamnose with B-D-1,4-Galp,
B-D-1,3-Galp, p-D-1,3,6-Galp, and o-L-1,5-Araf side chains
(6). In addition, Zhang et al. purified one neutral fraction
(LJP-N) and four acidic fractions (LJP-A-1 ~ LJP-A-4) from
Lonicera japonica Thunb. Among these fractions, LJP-A-3 was
defined as HG-type pectin with a trace of RG-I domain
which exhibited antioxidant activity (9). Although the chemical
structures of a few pectin fractions from Lonicera japonica
Thunb. have been analyzed, their detailed structures remain
unknown, and their structure-activity relationships need to be
further investigated.

Oxidative stress or an elevated level of reactive oxygen
species (ROS) can induce oxidative damage, and consequently
cause the occurrence and development of diseases like diabetes
mellitus (13), cancer (14), cardiovascular (15), Alzheimer’s
disease (16), inflammatory diseases (17), aging (18), etc.
Therefore, finding suitable antioxidants to neutralize free
radicals is of great importance to protect cells from excessive
oxidative stress. In recent years, pectic polysaccharides
have been widely reported to exhibit antioxidant activities.
Pectin can be viewed as a carrier of hydrogen which could
bind with free radicals to terminate free radical chain
reaction. Pectin derived from edible and medicinal plants
is safe and healthy, therefore, it is a new type of natural
antioxidant. The antioxidant activities of pectins from
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different sources depend on their structural characteristics,
however, the structure-antioxidant activity relationship of
pectin remain unclear.

In the present study, pectin polysaccharides were
extracted from Lonicera japonica Thunb., systematically
fractionated and structurally characterized. Moreover,
pectin domains were prepared by enzymatic hydrolysis
and the structure and antioxidant activities of different
studied.  These

on structure-antioxidant

domains  were intensively findings

provide new  information
activity relationships of pectins from Lonicera japonica
Thunb., in the field of

functional food.

and facilitate their utilization

Materials and methods

Materials and reagents

Lonicera japonica Thunb. was purchased from Henan
Province, China. DEAE-Cellulose was acquired from Shanghai
Chemical Reagent Research Institute (Shanghai, China).
Sepharose CL-6B and Sephadex G-75 were obtained
from GE Healthcare (Pittsburgh, PA, United States).
Endo-polygalacturonase (Endo-PG) was purchased from
Megazyme (Bray, Ireland). All other chemicals were of
analytical or HPLC grade made in China.

General methods

Total carbohydrate and wuronic acid contents were
measured by phenol-sulfuric acid and meta-hydroxydiphenyl
methods, using the mixture of major monosaccharides and
galacturonic acid (GalA) as standards independently (19,
20). Starch-like polysaccharide was determined by using the
I,-KI method. Kdo and Dha are the component of RG-
II, which was qualitatively detected by using the modified
thiobarbituric acid (TBA) method (21). Protein content
was determined by using the Bradford assay with bovine
serum albumin (BSA) as standard (22). Homogeneity and
molecular weight (Mw) were determined by using high
performance gel-permeation chromatography (HPGPC)
with a TSK-gel G-3000 PWXL column (7.8 x 300 mm,
TOSOH, Japan) coupled to a Shimadzu high performance
liquid chromatography (HPLC) system (Tokyo, Japan) (23).
Monosaccharide composition was analyzed by using HPLC
and PMP pre-column derivatization method as previously
described (24). Fourier transform infrared (FT-IR) spectra

was recorded over a range of 4000 and 500 cm~!

using a
PerkinElmer Spectrum Two FT-IR spectrometer (Perkin

Elmer, United States).
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Extraction of polysaccharides from
Lonicerae japonicae Thunb.

Lonicerae Japonicae Thunb. (1 kg) was washed to remove
the dust and immersed in 16 L distilled water overnight,
and then extracted at 100°C for 3 h. After filtration,
the residues were extracted twice again under the same
conditions. The filtrates were combined, concentrated, and
then centrifuged (4500 rpm x 15 min). The supernatant was
precipitated overnight by the addition of 95% ethanol (three
volumes). The precipitates were obtained by centrifugation
(4500 rpm x 15 min) and washed with 95% ethanol and
anhydrous ethanol, and then dried at room temperature. The
water-soluble Lonicerae Japonicae Thunb. polysaccharides was
obtained and named WLJP.

Purification of pectin from WLJP

WLJP (60 g) was dissolved in distilled water (50 mg/ml)
and applied to a DEAE-Cellulose column. It was eluted with
distilled water to give the un-bound fraction WLJP-N and
then with 0.5 M NaCl to give the bound fraction WLJP-A.
WLJP-A (20 g) was then applied to DEAE-Cellulose column,
and eluted stepwise with distilled water, 0.2, 0.3, and 0.5
M NaCl to produce four fractions WLJP-AH, WLJP-A0.2,
WLJP-A0.3, and WLJP-A0.5. The major fraction WLJP-A0.2
was further purified by using a Sepharose CL-6B column
(3.0 x 90 cm), and two sub-fractions WLJP-A0.2a and
WLJP-A0.2b were obtained, with the latter as the major
pectic fraction.

Enzymatic hydrolysis and
de-esterification

WLJP-A0.2b was dissolved in HAc-NaAc buffer solution
(50 mM, pH 4.5) and incubated with Endo-PG at 40°C for 24 h.
The enzyme was inactivated by heating at 100°C for 10 min
and removed by centrifugation (12000 rpm x 5 min). The
hydrolysate was fractionated on a Sephadex G-75 (3.0 x 90 cm)
column and eluted with 0.15 M NaCl at 0.4 ml/min. The eluates
(8 ml per tube) were collected and assayed for distribution of
total carbohydrate and uronic acid contents. The appropriate
fractions were combined, desalted (1 kDa cutoff dialysis tubes
or a Sephadex G-10 column) and freeze-dried to give three
sub-fractions WLJP-A0.2b-E1~E3.

The de-esterification was performed according to the
previous method (25). WLJP-A0.2b-E3 was saponified by 0.1 M
NaOH and held at 4°C for 4 h with mild stirring. The reaction
solutions were neutralized with 10% glacial acetic acid, and
de-esterified pectin fractions were obtained and called D-WLJP-
A0.2b-E3.
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Nuclear magnetic resonance
spectroscopy

13C, Heteronuclear Single Quantum Coherence (HSQC),
and Heteronuclear Multiple Bond Correlation (HMBC) NMR
spectra were recorded at 25°C on a Bruker Avance 600 MHz
spectrometer (Bruker, Karlsruhe, Germany) with a Bruker
5 mm broadband probe. Samples (20 mg) were dissolved in
D,0 (99.8%, 0.5 ml) and centrifuged to remove undissolved
components. Chemical shifts were given in ppm, with acetone
as an internal chemical shift reference. Data were analyzed using
standard Bruker software.

ESI-MS analysis

Oligosaccharide fraction (1 mg/ml in 50% (v/v) acetonitrile)
was analyzed by electrospray ionization-mass spectrometry
(ESI-MS) using an Amazon ETD Ion Trap Mass Spectrometer
(Bruker Inc., Germany). The sample was delivered to
electrospray source using a syringe pump at a flow rate of
5 wL/min. ESI-MS detection was performed in negative mode
with capillary voltage 3500 V, capillary temperature 200°C and
dry gas 2 ml/min. The mass scan range was m/z 100 to 2000.
Data were processed using Trap-control software.

In vitro antioxidant activity

ABTS radical scavenging activity
The  scavenging 2,2’-Azinobis-(3-
ethylbenzthiazoline-6-sulphonate) (ABTS) free radical was

capacity  for
measured following previous research (26), with some
modifications. Solutions of ABTS (7 mM) and potassium
persulfate (2.45 mM) were mixed and incubated in the dark
at room temperature for 12-16 h to prepare ABTS radical
In the moment of use, the ABTS radical solution was diluted
with phosphate-buffered saline (0.1 M PBS, pH 7.4) to obtain
an absorbance of 0.70 (£0.05) at 734 nm. 50 pL of pectin
samples solution at five concentrations (0.5, 1.0, 2.0, 5.0, and
10.0 mg/ml) and 500 pL of the diluted ABTS radical solution
were mixed evenly and incubated at 37°C for 30 min. The
absorbance was measured at 734 nm. Distilled water was used
as blank control, and ascorbic acid (V¢) was used as positive
control. Each group was tested for three times in parallel. ABTS
radical scavenging activity was calculated according to the
following equation:

Scavengingactivity(%) = [1 — (Ax — Axo)/Ag] x 100%

Ag: The absorbance value of blank control;

Ay: The absorbance value of sample solution;

Ayo: The absorbance value of the sample background (PBS
instead of ABTS radical solution).
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Hydroxyl radical scavenging activity

The hydroxyl radical scavenging activity was determined as
previously reported (27), with some modifications. 50 pL of
pectin samples solution at five concentrations (0.5, 1.0, 2.0, 5.0,
and 10.0 mg/ml), 100 pL of 9 mM FeSOy4, 100 pL of 9 mM
anhydrous ethanol-salicylic acid and 100 pL of 8.8 mM H,0,
were mixed evenly and incubated at 25°C for 30 min. Then
the mixture was centrifuged (12000 rpm X 5 min), and the
absorbance of supernatant was measured at 510 nm. Distilled
water was used as blank control, and V¢ was used as positive
control. Each group was tested for three times in parallel. The
hydroxyl radical scavenging activity was calculated according to
the formula:

Scavengingactivity(%) = [1 — (Ax — Axo)/Ao] x 100%

Ay: The absorbance value of blank control;

Ay: The absorbance value of sample solution;

Ayo: The absorbance value of the sample background
(distilled water instead of HyO, solution).

DPPH radical scavenging activity
The (DPPH)
scavenging ability was assessed according to the reported

1,1-Dihpenyl-2-picrylhydrazyl radical
method (28), with some modifications. 50 L of pectin samples
solution at five concentrations (0.5, 1.0, 2.0, 5.0, and 10.0 mg/ml)
and 200 pL of 0.004% anhydrous methanol-DPPH solution
were mixed evenly and incubated at 25°C for 30 min in the dark.
Then the mixture was centrifuged (12000 rpm x 5 min), the
absorbance of supernatant was measured at 517 nm. Distilled
water was used as blank control, and V¢ was used as positive
control. Each group was tested for three times in parallel. The
DPPH radical scavenging activity was calculated according to
the formula:

Scavengingactivity(%) = [1 — (Ax — Axo)/Ap] x 100%

Ag: The absorbance value of blank control;

A,: The absorbance value of sample solution;

Ayo: The absorbance value of the sample background
(anhydrous methanol instead of DPPH solution).

Antioxidant activity against H,O»
induced oxidative stress in HEK-293T
cells

Cell culture and treatment

HEK-293T cells were provided by Cell Resource Center,
Institute of Basic Medical Sciences, Chinese Academy of
Medical Sciences (Beijing, China). The cells were cultured in
DMEM medium supplemented with 10% fetal bovine serum
(Clark), 100 U/ml penicillin and 100 pg/ml streptomycin at
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37°C in 5% CO;. The cells were plated in 6-well plates at
a density of 1 x 10> cells per well before experimentation.
Adherent cells were pretreated with indicated concentrations
(10, 50, and 100 pg/ml) of de-esterified pectin samples (D-
WLJP-A0.2b-E3) for 24 h, respectively, and then treated with
H,0O; (200 pum) for 6 h.

Reactive oxygen species measurement

The reagent 2, 7-dichlorodihydrofluorescein diacetate
(DCFH-DA) was used to determine the intracellular levels
of ROS. After pretreatment, the cells were harvested and
washed with phosphate-buffered saline (PBS). Then the cells
were incubated with 10 mM DCFH-DA (Sigma-Aldrich, Saint
Louis, MO, United States) for 30 min at 37°C in dark. After
DCFH-DA was removed, the cells were washed twice with
PBS and re-suspended for detection with flow cytometer (BD
Biosciences, United States) (29).

Statistical analysis

All experiments were performed in triplicate, and the data
were shown as the mean + standard deviation (SD). Student’s
t-test was used for single comparison. A value of p < 0.05 was
considered statistically significant. ICs values were calculated
using SPSS 19.0 software.

Results and discussion

Preparation of pectin from Lonicerae
jJjaponicae Thunb.

Water-soluble Lonicerae Japonicae Thunb. polysaccharide
(WLJP) was obtained following hot water extraction and
ethanol precipitation, with the yield of 7.6%. Monosaccharide
composition analysis (Table 1) showed that WLJP mainly
consisted of GalA (30.9%), Ara (30.9%), Gal (15.9%), and Glc
(14.2%), with minor Rha (4.5%), Man (1.9%), Xyl (1.2%), and
GIcA (0.5%). The I2-KI assay indicated that it contained small
amounts of starch-like polysaccharide.

WLJP was fractionated by using anion-exchange and size-
exclusion chromatographies (Figure 1A). First, WLJP was
separated by anion exchange chromatography into neutral
polysaccharide fraction WLJP-N and acidic polysaccharide
fraction WLJP-A. WLJP-N contained little GalA, and thus was
not further discussed in this paper. WLJP-A is mainly composed
of GalA (50.4%), typical for pectin. The charge distribution of
WLJP-A was not homogeneous (Figure 1B). Therefore, WLJP-A
was further separated by using anion exchange chromatography,
and four fractions WLJP-AH (yield 1.2%), WLJP-A0.2 (yield
71.8%), WLJP-A0.3 (yield 9.7%), and WLJP-A0.5 (yield 2.5%)
were obtained. The main fraction WLJP-A0.2 was further
purified by size exclusion chromatography (Figure 1C), and the
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TABLE 1 Yields, Mws, and monosaccharide compositions of polysaccharide fractions from Lonicerae japonicae Thunb.

Fraction Yield Mw TBA Monosaccharide composition (mol%)
(w%) (kDa)

GalA Rha Gal Ara Glc GlcA Xyl Man

WLJP 30.9 4.5 159 30.9 14.2 0.5 1.2 1.9
WLJP-N 34.2% 2.9 4.9 25.3 33.7 22.9 2.8 2.0 5.5
WLJP-A 31.6% 50.4 7.0 10.8 26.2 4.0 — 1.6 —
WLJP-A0.2b 11.12 40.6 72.2 2.8 5.8 15.9 2.0 0.5 0.6 0.2
WLJP-A0.2b-E1 7.6° 90.0 - 10.3 7.5 27.8 50.7 3.7 — — —
WLJP-A0.2b-E2 20.8° 14.1 + 70.8 9.4 4.6 10.7 2.2 1.4 — 0.9
WLJP-A0.2b-E3 43,0 4.7 - 90.5 6.6 1.1 1.0 0.8 — — —

2Yield in relation to WLJP.
bYield in relation to WLJP-A0.2b.

A B 0.6
WLJP 1 0_—0—490 nm —
DEAE-cellulose 7 [—>—525 nm 0.5 2
dH,0 0.5 M NaCl 0.8- NaCl a
WLJP-N WLJP-A 8 L0.4 S
| DEAE-cellulose g g
= 0.6- 0.3 8
lamo  lozmNact Jo3MNac1 |o.5 M Naci 5 -
WLJP-AH WLJP-A0.2  WLJP-A0.3 WLJP-A05 2 (.4- 0.2 §
=
0.2- L0.1.2
=
0.0, , . . > 10.0
WLJP-A0.2a WLJP-A0.2b 0 50 100 150 200
Elution volume (mL)
c id D
X '+ 20.
490 nm >~ TWLJP-A0.2b
1.24——525 nm £
_ WLJP-A02b | =i
© 1.0- . . g 151 l40.6 kDa
= g
< 0.8 =9
= 2 101
© 0.6 -
é 0.44{ WLJP-A0.2 s
4] = ad = i
e g
0.2 k>
0.0{ ooferocomoooocos” z 0=/ : . : .
60 80 100 120 140 160 180 0 8 0 12 14 16
Elution volume (mL) Elution time (min)
FIGURE 1

Preparation of pectin from Lonicerae japonicae Thunb. (A) Fractionation scheme of WLJIP by anion-exchange and size-exclusion
chromatographies. (B) Linear gradient elution profile of WLIP-A on DEAE-cellulose column. (C) Elution profile of WLIP-AQ.2 on Sepharose
CL-6B column. (-@- total carbohydrate; -O- uronic acid). (D) Molecular weight distribution of WLIP-AQ.2b by high performance
gel-permeation chromatography (HPGPC) analysis.

major pectic fraction WLJP-A0.2b was obtained. WLJP-A0.2b (72.2%), with minor Ara (15.9%), Gal (5.8%), and Rha (2.8%)
showed single symmetrical peak on HPGPC (Figure 1D) with (Table 1). The structure of WLJP-A0.2b will be analyzed in detail
molecular weight of 40.6 kDa. It was mainly composed of GalA in this study.
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Structural analysis of WLIP-A0.2b. (A) Fourier transform infrared (FT-IR) spectrum. (B) 13C nuclear magnetic resonance (NMR) spectrum.

(C) HSQC spectrum. (D) HMBC spectrum.

Structural analysis of WLIP-AO0.2b

Fourier transform infrared analysis of
WLJP-A0.2b

The FT-IR spectra of WLJP-A0.2b was presented in
Figure 2A. The typical broad peak near 3432 cm™! was
assigned to the stretching vibration of O-H, and the adsorption
around 2946 cm~! was attributed to C-H stretching of CH,
groups (30). The bands around 1745, 1617, and 1417 cm™!
confirmed the presence of uronic acid. The peaks at around 1745
and 1617 cm™! represent methyl-esterified carbonyl stretching
(COOR) and ionic carboxyl band (COO-), respectively (31). The
degree of methyl-esterification (DM) was calculated by the area
of the band at 1745 cm™! to the sum of the areas of the bands
at 1745 and 1617 cm™! (32). The result showed that the DM of
WLJP-A0.2b was 32.9%, which was low esterification pectin. The
stretching bands between 1010 and 1150 cm~! (e.g., 1018, 1103,
and 1145 cm™1!) corresponded to the absorption of C-O and
C-C glycosidic bonds and the pyranose rings (33). In addition,
the peaks around 858 and 896 cm ™! suggested the presence of
a-linked and B-linked glycosyl residues, respectively (28).

Frontiers in Nutrition

06

Nuclear magnetic resonance analysis of
WLJP-A0.2b

Structural feature of WLJP-A0.2b was characterized by '3
NMR spectrum (Figure 2B). The chemical shifts were assigned
predominantly according to 'H and '3C correlations in the
HSQC (Figure 2C) and HMBC spectra (Figure 2D).

The typical resonance signals at 100.05/4.80, 68.59/3.60,
70.46/3.90, 77.87/4.31, 70.63/4.61, and 174.91 ppm were
assigned to C-1/H-1 to C-5/H-5 and C-6 of unesterified 1,4-
a-D-GalpA, respectively, suggesting the presence of HG-type
pectin. The signal at 170.68 and 52.77 ppm were attributed
to C-6 of methyl-esterified 1,4-a-D-GalpA and methyl groups,
respectively. The weak signal at 20.03/2.07 ppm was attributed
to acetyl group attached to a-D-GalpA. The resonance signals
at 16.81/1.21 and 16.22/1.16 ppm were assigned to C-6/H-6
of 1,2,4-a-L-Rhap and 1,2-a-L-Rhap, respectively, indicating
the presence of RG-I type pectin. The anomeric signals at
108.98/5.14, 107.38/4.99, and 107.06/5.04 ppm corresponded to
C-1/H-1 of terminal a-L-Araf, 1,5-a-L-Araf, and 1,3,5-a-L-Araf,
respectively. Signals at 104.05/4.40, 103.35/4.37, 103.35/4.37,
103.18/4.35, and 102.31/4.28 ppm were attributed to C-1/H-1
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of 1,4-p-D-Galp, 1,3,6-B-D-Galp, terminal f-D-Galp, 1,6-B-D-
Galp, and 1,3-p-D-Galp, respectively. The complex and over-
lapped signals at 60 ppm-85 ppm were assigned to C-2 to C-5
of different linkages of Rha, Ara and GalA, and C-2 to C-
6 of B-D-Galp. These chemical shift assignments were listed
in Supplementary Table 1. Additionally, some characteristic
signals representing for RG-II type pectin were also found.
Signals at 107.36/4.98, 103.38/4.40, and 96.53/4.50 ppm were
attributed to C-1/H-1 of a-Araf, a-Arap, and 2-O-Me-a-Xylp,
respectively. Signals at 95.11 and 91.87 ppm were assigned to
C-2 of a-Kdop and a-AcefA (34, 35). NMR analysis showed
that WLJP-A0.2b was composed of HG, RG-I, and RG-II
domains. Further analysis of HSQC and HMBC spectra revealed
that WLJP-AO0.2b contained terminal a-L-Araf, a-L-1,5-Araf, a-
L1,3,5-Araf, and B-D-1,3,6-Galp glycosyl linkages, which might
form a-L-1,5-arabinan and AG-1I side chains in RG-1.

Enzymatic analysis of WLJP-AOQ.2b

Enzymatic degradation is an efficient tool for elucidating the
structure of pectin. To further analyze the structure of WLJP-
A0.2b, it was degraded by Endo-PG which could hydrolyze
at least four continuous un-esterified a-(1-4)-GalA in HG to
release different pectin domains (36, 37). After degradation of
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WLJP-A0.2b by Endo-PG, the product was detected by HPGPC
(Figure 3A). As can be seen, the molecular weight distribution
of WLJP-A0.2b changed significantly after enzymatic hydrolysis.
After separation by size-exclusion chromatography, three sub-
fractions (WLJP-A0.2b-E1, WLJP-A0.2b-E2, and WLJP-A0.2b-
E3) were obtained, with yield of 7.6, 20.8, and 43.0%, respectively
(Figure 3B).

WLJP-A0.2b-E1 contained Gal, Ara, Rha, and GalA as major
monosaccharides (Table 1), and the molar ratio of Rha/GalA
was 0.7, typical for RG-I type pectin (38). WLJP-A0.2b-E1
showed single symmetrical peaks on HPGPC with a TSK-
gel G-3000 PWy; column, and the molecular weight of it
was estimated to be 90.0 kDa (Figure 3C). WLJP-A0.2b-E2
was mainly composed of GalA (70.8%), and the molecular
weight of it was 14.1 kDa. TBA assay showed positive result,
indicating WLJP-A0.2b-E2 was RG-II type pectin. WLJP-A0.2b-
E3 contained more than 90% GalA, with molecular weight of
4.7 kDa, indicating that it was oligogalacturonide produced by
Endo-PG hydrolyzing of HG domains.

Based on these results, we concluded that WLJP-A0.2b
was composed of RG-I, RG-II, and HG domains with mass
ratio of 0.4:1.0:2.1, and HG was the dominant domain in
WLJP-AQ.2b. Different domains were covalently linked and
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Nuclear magnetic resonance (NMR) spectra of WLIP-A0.2b-E1. (A) 13C NMR spectrum. (B) HSQC spectrum. (C) HMBC spectrum.
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ESI-MS analysis of WLIP-AQ.2b-E3. Peak annotation: 420, DP 4, 2 O-methyl-ester group, 0 O-acetyl group.

released after Endo-PG degradation (27). As RG-II is a type of
structurally conserved pectin, it was not further analyzed in this
study. We continued to investigate the structures of RG-I and
oligogalacturonides.

Structural analysis of pectin domains
from WLJIP-AOQ.2b

Nuclear magnetic resonance analysis of
rhamnogalacturonan | domain

The structure of WLJP-A0.2b-E1 was analyzed by !3C
NMR spectrum (Figure 4A). 'H and '>C signals were
assigned by using HSQC (Figure 4B) and HMBC spectra
(Figure 4C). The assignments of the major chemical shifts
were listed in Supplementary Table 2. The signals at 173.64
and 98.60 ppm were attributed to C-6 and C-1 of 1,4-a-
D-GalpA, respectively. The resonance signals at 16.46/1.08
and 16.78/1.15 ppm were assigned to C-6/H-6 of 1,2-a-L-
Rhap and 1,2,4-a-L-Rhap, with their corresponding anomeric
resonances at 97.47/5.00 ppm. These signals indicated WL]JP-
A0.2b-El contained RG-I backbone. The anomeric signals at
109.26/5.08, 107.38/4.93, and 107.06/4.94 ppm were attributed
to C-1/H-1 of terminal a-L-Araf, 1,5-a-L-Araf, and 1,3,5-a-
L-Araf, respectively. The anomeric signal at 102.64/4.33 ppm
and the corresponding C-6/H-6 signal at 59.75/3.56 ppm
were attributed to terminal B-D-Galp. The C-1/H-1 signals at
103.38/4.50, 103.10/4.49, 102.64/4.33, and 102.60/4.32 ppm, and
the corresponding C-6/H-6 signals at 59.96/3.55, 69.23/4.11,
69.23/4.11, and 61.18/3.67 ppm were assigned to 1,4-p-D-Galp,
1,3,6-p-D-Galp, 1,6-B-D-Galp, and 1,3-B-D-Galp, respectively.
The typical signal at 76.68/3.87 ppm was assigned to C-4/H-4 of
1,4-B-D-Galp. NMR analysis result indicated that WLJP-A0.2b-
El possessed a-L-1,5-arabinan, 3-D-1,4-galactan and AG-II side
chains in RG-I domain. As signals corresponding to 1,3,4-B-D-
Galp or 1,4,6-B-D-Galp were not clearly observed, AG-I side
chains might be not present in WLJP-A0.2b-E1 (39).
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ESI-MS analysis of oligogalacturonides

As WLJP-A0.2b-E3 was oligogalacturonide, the structure of
it was further analyzed by ESI-MS (Figure 5). An overview
of m/z values and speculated structures were shown in
Supplementary Table 3.

ESI-MS result indicated that WLJP-A0.2b-E3 was composed
of un-esterified and partly methyl-esterified and/or acetylated
oligogalacturonides with degree of polymerization (DP) from
1 to 8. The monomer (1%°), dimer (2°°), and trimer
(3%0) were un-esterified, while other oligogalacturonides were
methyl-esterified and/or acetylated. It was possible that
the presence of esterification in HG domain caused the
resistance of Endo-PG, which acts on four continuous
un-esterified o-(1,4)-GalA linkages (40). In WLJP-A0.2b-
E3, GalA dimers, trimers, and tetramers containing one to
two methyl-esters and/or one acetyl group were detected
(201, 301 410 411" and 4%0). GalA oligomers with DP 5-
6 carrying one to three methyl-ester groups and/or one
acetyl group (519, 520, 5%0, 620, 621,
Oligosaccharide fragments with higher DP containing methyl-

and 6°°) were found.

ester substitutions, e.g., GalA oligomers with DP 7-8 carrying
three to five methyl ester groups (730, 740, 840 and 8%0)
were also found.

In vitro antioxidant activity assays

The antioxidant activities of WLJP-A0.2b and its different
domains including RG-I (WLJP-A0.2b-E1), RG-II (WLJP-
A0.2b-E2), and oligogalacturonides (WLJP-A0.2b-E3) were
determined by using ABTS, hydroxyl and DPPH radical
scavenging assays. As shown in Figure 6, WLJP-A0.2b exhibited
effective antioxidant activities in the three scavenging assays.
After degradation by Endo-PG, the pectin domains isolated
from WLJP-A0.2b displayed different antioxidant activities.
Compared with RG-I and RG-II domains, oligogalacturonides
(WLJP-A0.2b-E3) exhibited the highest antioxidant activities.
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Meanwhile, the antioxidant activity of oligogalacturonides was
also higher than that of WLJP-A0.2b. The radical scavenging
abilities of oligogalacturonides were dose-dependent with the
increase of the concentration from 0.5 to 10 mg/ml, but
weaker than that of ascorbic acid (Vc). The ICsy values
(Table 2) further indicated that the antioxidant activity of
oligogalacturonides was better than RG-II and followed by RG-
I domains. Similar results have been reported that SPS-3 and
SPS-2 from fruit of Actinidia arguta were HG-rich pectin, which
displayed higher antioxidant activities than RG-rich pectin
(41).

The higher antioxidant activities of oligogalacturonides
might be related to its lower molecular weight and higher
GalA content (42, 43). As shown in Supplementary Figure 1,
the IC5o of WLJP-A0.2b-El to E3 decreased gradually along
with the decrease of their molecular weights, while their
ICsp values decreased with the increase of galacturonic acid
content. The possible reason might be that oligogalacturonides
with lower molecular weight would have more reductive

10.3389/fnut.2022.998462

TABLE 2 1Csq values of different pectins from Lonicera japonica
Thunb. toward the scavenging of ABTS, hydroxyl, and DPPH radical.

Fractions ICs values (mg/ml)

ABTS -OH™ DPPH
WLJP-A0.2b 6.76 +0.11 51.69 4 0.52 53.71 4 0.58
WLJP-A0.2b-E1 13.63 4+ 0.51 182.15 + 0.87 125.27 £ 0.91
WLJP-A0.2b-E2 4.1440.13 121.19 4+ 0.91 86.81 4 0.41
WLJP-A0.2b-E3 2.40 % 0.03 25.14 % 0.80 27.06 4 0.53
D-WLJP-A0.2b-E3 1.29 +0.08 2.5140.27 9.41 4 0.12

hydroxyl group terminals (on per unit mass basis) to accept
and eliminate the free radicals (44, 45). Moreover, higher
amounts of GalA units present more electrophilic groups, which
facilitates the liberation of hydrogen from O-H bond, and thus
have good hydrogen supply capacity to scavenge the radical
(45, 46).
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FIGURE 7

Effects of D-WLJP-A0.2b-E3 treatment at different concentrations on H, O -induced intracellular accumulation of reactive oxygen species
(ROS) in HEK-293T cells. (A) The intracellular levels of ROS analyzed by flow cytometry. (B) Histogram analysis of intracellular accumulation of
ROS. Data are presented as means + SD from three independent experiments. **p < 0.01 vs. the control group, #p < 0.05 vs. H,O, model

group, and ##p < 0.01 vs. HO, model group.
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In addition, the degree of methyl-esterification (DM) might
be also related to the antioxidant activity of oligogalacturonides
(45, 47). ESI-MS indicated that WLJP-A0.2b-E3
contained mostly methyl-esterified oligogalacturonides. To

result

investigate the relationship between DM and antioxidant
WLJP-A0.2b-E3  was
remove methyl-ester
FT-IR
esterified

activities, saponified by alkali to

groups which was confirmed by
spectrum (Supplementary Figure 2). The de-
named D-WLJP-A0.2b-E3
was then obtained. The molecular weight distributions of
D-WLJP-A0.2b-E3 was the same as WLJP-A0.2b-E3 on
HPGPC (Supplementary Figure 3). As shown in Figure 6,
D-WLJP-A0.2b-E3 showed stronger antioxidant capacity than
WLJP-A0.2b-E3. The radical scavenging abilities of it increased

dose-dependently with the increase of concentration from 0.5

oligogalacturonides

to 10 mg/ml, but still weaker than Vc. It was supposed that more
carboxylic groups and electrophilic groups were exposed after
de-esterification which were benefit for antioxidant activity.
The result was consistent with previous findings (48).

Based on above analysis, we speculated that the antioxidant
activity of WLJP-A0.2b was due to the synergistic effects
of different pectin domains. Among different domains,
oligogalacturonides derived from HG domain displayed the best
antioxidant activities, followed by RG-II domain and then RG-I
domain. The structural differences including molecular weight,
the content of galacturonic acid and the degree of methyl-
esterification in different domains appear to explain their varied
activities. The de-esterified oligogalacturonide which contained
the highest content of galacturonic acid, the lowest molecular
weight and the lowest degree of methyl-esterification might be
the reason for its strongest antioxidant activity.

Oligogalacturonides reduced
intracellular reactive oxygen species
generation

Oxidative stress with the excessive production of ROS is
considered as the key factor to damage important cellular
components including protein, lipid, and DNA, thus resulting
in cytotoxicity (49), even leading to cell apoptosis (50, 51).
Hence, scavenging the increased ROS to decrease the oxidative
stress level and maintain the balance of cellular redox has
become urgent. In vitro antioxidant activity assays, we have
found that de-esterified oligogalacturonides (D-WLJP-A0.2b-
E3) displayed the strongest antioxidant activities. To further
assess its antioxidant activities, the level of intracellular
ROS production after treatment by the oligogalacturonides
was tested by flow cytometry. As shown in Figure 7,
ROS levels increased significantly after being injured with
H,O0, (24849 =+ 17.37) in contrast to the control group
(117.74 +£ 13.63) in HEK-293T cells. However, pretreatment
with oligogalacturonides significantly reduced the levels of
H,0;-induced ROS formation with a dose-dependent manner.
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When the concentration of oligogalacturonides was 100 pg/ml,
the ROS level was reduced to 138.60 % 15.86. These results
indicated that oligogalacturonides could protect HEK-293T cells
from H,O,-induced oxidative stress injury by inhibiting ROS
generation, and further confirmed the antioxidant activity of
oligogalacturonides.

Conclusion

In the present work, one major pectin fraction WLJP-
A0.2b was purified from Lonicera japonica Thunb. Structural
analysis indicated that it was dominated by HG domains,
covalently linked with RG-I and RG-II domains. The mass
ratio of RG-I, RG-II, and HG domains in WLJP-A0.2b
was 0.4:1.0:2.1. After Endo-PG hydrolysis, HG domain was
degraded into oligogalacturonides with DP 1-8 carrying
less than 5 methyl-ester groups. RG-I domain from WLJP-
A0.2b contained a-L-1,5-arabinan, $-D-1,4-galactan, and AG-II
side chains. Radical scavenging assays and intracellular ROS
production assay indicated. oligogalacturonides showed the best
antioxidant activities compared with RG-II and RG-I domains,
and the antioxidant activity of WLJP-A0.2b was due to the
synergistic effects of different pectin domains. Therefore, pectic
polysaccharides especially oligogalacturonides from Lonicera
japonica Thunb. could be potential candidates as natural
antioxidants and applied in functional food.

Data availability statement

The original contributions presented in this study are
included in the article/Supplementary material, further
inquiries can be directed to the corresponding authors.

Author contributions

XQand YY: investigation and writing - original draft. XYW,
JX, and XW: investigation. ZF: formal analysis. YZ: modifying
the manuscript. HX and LS: writing - review and editing. All
authors contributed to the article and approved the submitted

version.

Funding

This work was supported by the National Natural Science
Foundation of China (No. 31870796), the Scientific and
Technologic Foundation of Jilin Province (No. 20200201004JC),
Innovation Platform Project of Qinghai Province (2021-Z]-
T02), and the Foundation of Qiqihar Science and Technology
Bureau (LSFGG-2022053).

frontiersin.org


https://doi.org/10.3389/fnut.2022.998462
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/

Qi et al.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated

References

1. Xiao Z, Wang X, Peng Z, Huang S, Yang P, Li Q, et al. Molecular docking,
kinetics study, and structure-activity relationship analysis of quercetin and its
analogous as Helicobacter pylori urease inhibitors. J Agric Food Chem. (2012)
60:10572-7. doi: 10.1021/jf303393n

2.Shang X, Pan H, Li M, Miao X, Ding H. Lonicera japonica Thunb.:

ethnopharmacology, phytochemistry and pharmacology of an important
traditional Chinese medicine. ] Ethnopharmacol. (2011) 138:1-21. doi:
10.1016/j.jep.2011.08.016

3. Liu N, Liu W, Wang D, Zhou Y, Lin X, Wang X, et al. Purification and partial
characterization of polyphenol oxidase from the flower buds of Lonicera japonica
Thunb. Food Chem. (2013) 138:478-83. doi: 10.1016/j.foodchem.2012.10.103

4. Liu Z, Liu C, Liu Q, Ren J, Li L, Huang X, et al. Iridoid glycosides from
the flower buds of Lonicera japonica and their nitric oxide production and o-
glucosidase inhibitory activities. ] Funct Foods. (2015) 18:512-9. doi: 10.1016/j.jff.
2015.08.017

5. Lin L, Wang P, Du Z, Wang W, Cong Q, Zheng C, et al. Structural elucidation
of a pectin from flowers of Lonicera japonica and its antipancreatic cancer activity.
Int ] Biol Macromol. (2016) 88:130-7. doi: 10.1016/j.ijbiomac.2016.03.025

6. Liu P, Shen H, Zhang Q, Zhou L, Bai X, Zhang T. Inhibition of reinstatement
of alcohol-induced conditioned place preference in mice by Lonicera japonica
polysaccharide. Food Funct. (2022) 13:8643-51. doi: 10.1039/d2f0o01719a

7. Fang Q, Wang J, Zha X, Cui S, Cao L, Luo J. Immunomodulatory activity
on macrophage of a purified polysaccharide extracted from Laminaria japonica.
Carbohydr Polym. (2015) 134:66-73. doi: 10.1016/j.carbpol.2015.07.070

8. Bai X, Chai Y, Shi W, Li Y, Zhang T, Liu P. Lonicera japonica polysaccharides
attenuate ovalbumin-induced allergic rhinitis by regulation of Th17 cells in BALB/c
mice. ] Funct Foods. (2020) 65:103758. doi: 10.1016/j.jff.2019.103758

9. Zhang T, Liu H, Bai X, Liu P, Yang Y, Huang J, et al. Fractionation and
antioxidant activities of the water-soluble polysaccharides from Lonicera japonica
Thunb. Int ] Biol Macromol. (2020) 151:1058-66. doi: 10.1016/j.ijbiomac.2019.10.
147

10. Liu P, Bai X, Zhang T, Zhou L, Li ], Zhang L. The protective effect of
Lonicera japonica polysaccharide on mice with depression by inhibiting NLRP3
inflammasome. Ann Transl Med. (2019) 7:811. doi: 10.21037/atm.2019.12.64

11. Willats WGT, McCartney L, Mackie W, Knox JP. Pectin: cell biology and
prospects for functional analysis. Plant Mol Biol. (2001) 47:9-27. doi: 10.1023/A:
1010662911148

12. Ridley BL, O’Neill MA, Mohnen DA. Pectins: structure, biosynthesis, and
oligogalacturonide-related signaling. Phytochemistry. (2001) 57:929-67. doi: 10.
1016/S0031-9422(01)00113-3

13. Grankvist N, Amable L, Honkanen RE, Sjoholm A, Ortsater H.
Serine/threonine protein phosphatase 5 regulates glucose homeostasis in vivo
and apoptosis signalling in mouse pancreatic islets and clonal MIN6 cells.
Diabetologia. (2012) 55:2005-15. doi: 10.1007/s00125-012-2541-1

14.Li H, Su L, Chen S, Zhao L, Wang H, Ding F et al. Physicochemical
characterization and functional analysis of the polysaccharide from the
edible microalga Nostoc sphaeroides. Molecules. (2018) 23:508. doi: 10.3390/
molecules23020508

15. Zacharski LR, Shamayeva G, Chow BK. Iron reduction response and
demographic differences between diabetics and non-diabetics with cardiovascular

Frontiers in Nutrition

13

10.3389/fnut.2022.998462

organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be
found online at: https://www.frontiersin.org/articles/10.3389/
fnut.2022.998462/full#supplementary- material

disease entered into a controlled clinical trial. Metallomics. (2018) 10:264-77. doi:
10.1039/c7mt00282¢

16. Bronzuoli MR, Facchinetti R, Steardo L, Scuderi C. Astrocyte: an innovative
approach for Alzheimer’s disease therapy. Curr Pharm Des. (2017) 23:4979-89.
doi: 10.2174/1381612823666170710163411

17.Chu Q, Zhang S, Yu L, Li Y, Liu Y, Ye X, et al. Apios americana
medikus tuber polysaccharide exerts anti-inflammatory effects by activating
autophagy. Int ] Biol Macromol. (2019) 130:892-902. doi: 10.1016/j.ijbiomac.2019.0
3.012

18. Feng S, Cheng H, Xu Z, Shen S, Yuan M, Liu J, et al. Thermal stress resistance
and aging effects of Panax notoginseng polysaccharides on Caenorhabditis elegans.
Int ] Biol Macromol. (2015) 81:188-94. doi: 10.1016/j.ijbiomac.2015.07.057

19. Dubois M, Gilles KA, Hamilton JK, Rebers PA, Smith F. Colorimetric method
for determination of sugars and related substances. Anal Chem. (1956) 28:350-6.
doi: 10.1021/ac60111a017

20. Blumenkrantz N, Asboe-Hansen G. New method for quantitative
determination of wuronic acids. Anal Biochem. (1973) 54:484-9. doi:
10.1016/0003-2697(73)90377- 1

21. York WS, Darvill AG, McNeil M, Albersheim P. 3-deoxy-d-manno-2-
octulosonic acid (KDO) is a component of rhamnogalacturonan II, a pectic
polysaccharide in the primary cell walls of plants. Carbohydr Res. (1985) 138:109—
26. doi: 10.1016/0008-6215(85)85228-9

22. Sedmak JJ, Grossberg SE. Rapid, sensitive, and versatile assay for protein
using Coomassie brilliant blue G250. Anal Biochem. (1977) 79:544-52. doi: 10.1016/
0003-2697(77)90428-6

23. Zhang X, Yu L, Bi H, Li X, Ni W, Han H, et al. Total fractionation and
characterization of the water-soluble polysaccharides isolated from Panax ginseng
C. A. Meyer. Carbohydr Polym. (2009) 77:544-52. doi: 10.1016/j.carbpol.2009.01.
034

24.Yu L, Zhang X, Li S, Liu X, Sun L, Liu H, et al. Rhamnogalacturonan I
domains from ginseng pectin. Carbohydr Polym. (2010) 79:811-7. doi: 10.1016/j.
carbpol.2009.08.028

25. Thibault JE, Renard CMGC, Axelos MAV, Roger P, Crépeau MJ. Studies of the
length of homogalacturonic regions in pectins by acid hydrolysis. Carbohydr Res.
(1993) 238:271-86. doi: 10.1016/0008-6215(93)87019-O

26. Chen S, Shang H, Yang]J, Li R, Wu H. Effects of different extraction techniques
on physicochemical properties and activities of polysaccharides from comfrey
(Symphytum officinale L.) root. Ind Crop Prod. (2018) 121:18-25. doi: 10.1016/j.
indcrop.2018.04.063

27.Ning X, Liu Y, Jia M, Wang Q, Sun Z, Ji L, et al. Pectic polysaccharides
from Radix Sophorae Tonkinensis exhibit significant antioxidant effects.
Carbohydr ~ Polym.  (2021)  262:117925. doi:  10.1016/j.carbpol.2021.11
7925

28.Yan J, Zhu L, Qu Y, Qu X, Mu M, Zhang M, et al. Analyses of active
antioxidant polysaccharides from four edible mushrooms. Int J Biol Macromol.
(2019) 123:945-56. doi: 10.1016/j.ijbiomac.2018.11.079

29. Yu Q, Nie S, Wang J, Huang D, Li W, Xie M. Toll-like receptor 4 mediates
the antitumor host response induced by ganoderma atrum polysaccharide. J Agric
Food Chem. (2015) 63:517-25. doi: 10.1021/jf5041096

frontiersin.org


https://doi.org/10.3389/fnut.2022.998462
https://www.frontiersin.org/articles/10.3389/fnut.2022.998462/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fnut.2022.998462/full#supplementary-material
https://doi.org/10.1021/jf303393n
https://doi.org/10.1016/j.jep.2011.08.016
https://doi.org/10.1016/j.jep.2011.08.016
https://doi.org/10.1016/j.foodchem.2012.10.103
https://doi.org/10.1016/j.jff.2015.08.017
https://doi.org/10.1016/j.jff.2015.08.017
https://doi.org/10.1016/j.ijbiomac.2016.03.025
https://doi.org/10.1039/d2fo01719a
https://doi.org/10.1016/j.carbpol.2015.07.070
https://doi.org/10.1016/j.jff.2019.103758
https://doi.org/10.1016/j.ijbiomac.2019.10.147
https://doi.org/10.1016/j.ijbiomac.2019.10.147
https://doi.org/10.21037/atm.2019.12.64
https://doi.org/10.1023/A:1010662911148
https://doi.org/10.1023/A:1010662911148
https://doi.org/10.1016/S0031-9422(01)00113-3
https://doi.org/10.1016/S0031-9422(01)00113-3
https://doi.org/10.1007/s00125-012-2541-1
https://doi.org/10.3390/molecules23020508
https://doi.org/10.3390/molecules23020508
https://doi.org/10.1039/c7mt00282c
https://doi.org/10.1039/c7mt00282c
https://doi.org/10.2174/1381612823666170710163411
https://doi.org/10.1016/j.ijbiomac.2019.03.012
https://doi.org/10.1016/j.ijbiomac.2019.03.012
https://doi.org/10.1016/j.ijbiomac.2015.07.057
https://doi.org/10.1021/ac60111a017
https://doi.org/10.1016/0003-2697(73)90377-1
https://doi.org/10.1016/0003-2697(73)90377-1
https://doi.org/10.1016/0008-6215(85)85228-9
https://doi.org/10.1016/0003-2697(77)90428-6
https://doi.org/10.1016/0003-2697(77)90428-6
https://doi.org/10.1016/j.carbpol.2009.01.034
https://doi.org/10.1016/j.carbpol.2009.01.034
https://doi.org/10.1016/j.carbpol.2009.08.028
https://doi.org/10.1016/j.carbpol.2009.08.028
https://doi.org/10.1016/0008-6215(93)87019-O
https://doi.org/10.1016/j.indcrop.2018.04.063
https://doi.org/10.1016/j.indcrop.2018.04.063
https://doi.org/10.1016/j.carbpol.2021.117925
https://doi.org/10.1016/j.carbpol.2021.117925
https://doi.org/10.1016/j.ijbiomac.2018.11.079
https://doi.org/10.1021/jf5041096
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/

Qietal.

30. Zhang H, Chen J, Li], Yan L, Li S, Ye X, et al. Extraction and characterization
of RG-I enriched pectic polysaccharides from mandarin citrus peel. Food Hydrocoll.
(2018) 79:579-86. doi: 10.1016/j.foodhyd.2017.12.002

31. Ogutu FO, Mu TH. Ultrasonic degradation of sweet potato pectin and its
antioxidant activity. Ultrason Sonochem. (2017) 38:726-34. doi: 10.1016/j.ultsonch.
2016.08.014

32. Amamou S, Lazreg H, Hafsa ], Majdoub H, Rihouey C, Le Cerf D, et al.
Effect of extraction condition on the antioxidant, antiglycation and alpha-amylase
inhibitory activities of Opuntia macrorhiza fruit peels polysaccharides. LWT Food
Sci Technol. (2020) 127:109411. doi: 10.1016/j.1wt.2020.109411

33.Li J, Li S, Zheng Y, Zhang H, Chen J, Yan L, et al. Fast preparation
of rhamnogalacturonan I enriched low molecular weight pectic polysaccharide
by ultrasonically accelerated metal-free Fenton reaction. Food Hydrocoll. (2019)
95:551-61. doi: 10.1016/j.foodhyd.2018.05.025

34.Cui L, Wang ], Huang R, Tan Y, Zhang E Zhou Y, et al. Analysis
of pectin from Panax ginseng flower buds and their binding activities to
galectin-3. Int ] Biol Macromol. (2019) 128:459-67. doi: 10.1016/j.ijbiomac.2019.0
1.129

35. WuD, CuiL, Yang G, Ning X, Sun L, Zhou Y. Preparing rhamnogalacturonan
II domains from seven plant pectins using Penicillium oxalicum degradation and
their structural comparison. Carbohydr Polym. (2018) 180:209-15. doi: 10.1016/j.
carbpol.2017.10.037

36. Sun L, Ropartz D, Cui L, Shi H, Ralet MC, Zhou Y. Structural characterization
of rhamnogalacturonan domains from Panax ginseng C. A. Meyer. Carbohydr
Polym. (2019) 203:119-27. doi: 10.1016/j.carbpol.2018.09.045

37.Sharma N, Rathore M, Sharma M. Microbial pectinase: sources,
characterization and applications. Rev Environ Sci Biotechnol. (2013) 12:45-60.
doi: 10.1007/s11157-012-9276-9

38. Sun L, Wu D, Ning X, Yang G, Lin Z, Tian M, et al. a-Amylase-assisted
extraction of polysaccharides from Panax ginseng. Int ] Biol Macromol. (2015)
75:152-7. doi: 10.1016/j.ijbiomac.2015.01.025

39. Leivas CL, Iacomini M, Cordeiro LMC. Structural characterization of
a rhamnogalacturonan I-arabinan-type I arabinogalactan macromolecule from
starfruit (Averrhoa carambola L.). Carbohydr Polym. (2015) 121:224-30. doi: 10.
1016/j.carbpol.2014.12.034

40. Ognyanov M, Remoroza C, Schols HA, Georgiev YN, Petkova NT, Krystyjan
M. Structural, rheological and functional properties of galactose-rich pectic
polysaccharide fraction from leek. Carbohydr Polym. (2020) 229:115549. doi: 10.
1016/j.carbpol.2019.115549

Frontiers in Nutrition

14

10.3389/fnut.2022.998462

41. Zhu R, Zhang X, Wang Y, Zhang L, Zhao J, Chen G, et al. Characterization
of polysaccharide fractions from fruit of Actinidia arguta and assessment of their
antioxidant and antiglycated activities. Carbohydr Polym. (2019) 210:73-84. doi:
10.1016/j.carbpol.2019.01.037

42. Mateos-Aparicio I, Mateos-Peinado C, Jimenez-Escrig A, Ruperez P.
Multifunctional antioxidant activity of polysaccharide fractions from the soybean
byproduct okara. Carbohydr Polym. (2010) 82:245-50. doi: 10.1016/j.carbpol.2010.
04.020

43.7Ji X, Cheng Y, Tian J, Zhang S, Jing Y, Shi M. Structural characterization of
polysaccharide from jujube (Ziziphus jujuba Mill.) fruit. Chem Biol Technol Agric.
(2021) 8:54. doi: 10.1186/s40538-021-00255-2

44. Fan L, Li J, Deng K, Ai L. Effects of drying methods on the antioxidant
activities of polysaccharides extracted from Ganoderma lucidum. Carbohydr Polym.
(2012) 87:1849-54. doi: 10.1016/j.carbpol.2011.10.018

45.Wang J, Hu S, Nie S, Yu Q, Xie M. Reviews on mechanisms of
in vitro antioxidant activity of polysaccharides. Oxid Med Cell Longev. (2016)
2016:5692852. doi: 10.1155/2016/5692852

46. Chen R, Li S, Liu C, Yang S, Li X. Ultrasound complex enzymes assisted
extraction and biochemical activities of polysaccharides from Epimedium leaves.
Process Biochem. (2012) 47:2040-50. doi: 10.1016/j.procbio.2012.07.022

47. Zou YE, Zhang YY, Paulsen BS, Rise F, Chen ZL, Jia RY, et al. Structural
features of pectic polysaccharides from stems of two species of Radix Codonopsis
and their antioxidant activities. Int | Biol Macromol. (2020) 159:704-13. doi: 10.
1016/j.ijbiomac.2020.05.083

48. Chen R, Luo S, Wang C, Bai H, Lu J, Li T, et al. Effects of ultra-high
pressure enzyme extraction on characteristics and functional properties of red
pitaya (Hylocereus polyrhizus) peel pectic polysaccharides. Food Hydrocoll. (2021)
121:107016. doi: 10.1016/j.foodhyd.2021.107016

49.JiX, Guo J, Ding D, Gao J, Hao L, Guo X, et al. Structural characterization and
antioxidant activity of a novel high-molecular-weight polysaccharide from Ziziphus
jujuba cv. Muzao. ] Food Meas Charact. (2022) 16:2191-200. doi: 10.1007/s11694-
022-01288-3

50. Chun E, Zhang B, Lin H, Gao C, Min WD-. Fagomine attenuates high glucose-
induced endothelial cell oxidative damage by upregulating the expression of PGC-1
alpha. J Agric Food Chem. (2018) 66:2758-64. doi: 10.1021/acs.jafc.7b05942

51. Zhai X, Yuan S, Yang X, Zou P, Li L, Li G, et al. Chitosan oligosaccharides
induce apoptosis in human renal carcinoma via reactive-oxygen-species-dependent
endoplasmic reticulum stress. ] Agric Food Chem. (2019) 67:1691-701. doi: 10.1021/
acs.jafc.8b06941

frontiersin.org


https://doi.org/10.3389/fnut.2022.998462
https://doi.org/10.1016/j.foodhyd.2017.12.002
https://doi.org/10.1016/j.ultsonch.2016.08.014
https://doi.org/10.1016/j.ultsonch.2016.08.014
https://doi.org/10.1016/j.lwt.2020.109411
https://doi.org/10.1016/j.foodhyd.2018.05.025
https://doi.org/10.1016/j.ijbiomac.2019.01.129
https://doi.org/10.1016/j.ijbiomac.2019.01.129
https://doi.org/10.1016/j.carbpol.2017.10.037
https://doi.org/10.1016/j.carbpol.2017.10.037
https://doi.org/10.1016/j.carbpol.2018.09.045
https://doi.org/10.1007/s11157-012-9276-9
https://doi.org/10.1016/j.ijbiomac.2015.01.025
https://doi.org/10.1016/j.carbpol.2014.12.034
https://doi.org/10.1016/j.carbpol.2014.12.034
https://doi.org/10.1016/j.carbpol.2019.115549
https://doi.org/10.1016/j.carbpol.2019.115549
https://doi.org/10.1016/j.carbpol.2019.01.037
https://doi.org/10.1016/j.carbpol.2019.01.037
https://doi.org/10.1016/j.carbpol.2010.04.020
https://doi.org/10.1016/j.carbpol.2010.04.020
https://doi.org/10.1186/s40538-021-00255-2
https://doi.org/10.1016/j.carbpol.2011.10.018
https://doi.org/10.1155/2016/5692852
https://doi.org/10.1016/j.procbio.2012.07.022
https://doi.org/10.1016/j.ijbiomac.2020.05.083
https://doi.org/10.1016/j.ijbiomac.2020.05.083
https://doi.org/10.1016/j.foodhyd.2021.107016
https://doi.org/10.1007/s11694-022-01288-3
https://doi.org/10.1007/s11694-022-01288-3
https://doi.org/10.1021/acs.jafc.7b05942
https://doi.org/10.1021/acs.jafc.8b06941
https://doi.org/10.1021/acs.jafc.8b06941
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/

	Structural characterization and anti-oxidation activity evaluation of pectin from Lonicera japonica Thunb.
	Introduction
	Materials and methods
	Materials and reagents
	General methods
	Extraction of polysaccharides from Lonicerae japonicae Thunb.
	Purification of pectin from WLJP
	Enzymatic hydrolysis and de-esterification
	Nuclear magnetic resonance spectroscopy
	ESI-MS analysis
	In vitro antioxidant activity
	ABTS radical scavenging activity
	Hydroxyl radical scavenging activity
	DPPH radical scavenging activity

	Antioxidant activity against H2O2 induced oxidative stress in HEK-293T cells
	Cell culture and treatment
	Reactive oxygen species measurement

	Statistical analysis

	Results and discussion
	Preparation of pectin from Lonicerae japonicae Thunb.
	Structural analysis of WLJP-A0.2b
	Fourier transform infrared analysis of WLJP-A0.2b
	Nuclear magnetic resonance analysis of WLJP-A0.2b
	Enzymatic analysis of WLJP-A0.2b

	Structural analysis of pectin domains from WLJP-A0.2b
	Nuclear magnetic resonance analysis of rhamnogalacturonan I domain
	ESI-MS analysis of oligogalacturonides

	In vitro antioxidant activity assays
	Oligogalacturonides reduced intracellular reactive oxygen species generation

	Conclusion
	Data availability statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	Supplementary material
	References


