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ABSTRACT

Two novel polysaccharides, namely CMPP-1 and CMPP-2, from kiwano (Cucumis metuliferus) peels were isolated
through hot-water extraction, followed by ethanol precipitation and column chromatography. The results
showed that CMPP-1 and CMPP-2 were hetero-galacturonans with different molecular weights of 7.35 kDa and
6.90 kDa, respectively. Both of CMPP-1 and CMPP-2 were mainly composed of glucuronic acid (45.93 % and
51.75 %, respectively), and other monosaccharides including rhamnose, arabinose, galactose, glucose, xylose,
fucose, mannose, galacturonic acid, and mannuronic acid. The results of structural characterization from FT-IR
and NMR confirmed that CMPP-1 and CMPP-2 were pectin with highly branched structure. Furthermore, both
CMPP-1 and CMPP-2 possessed immune-enhancing activity and could enhance the secretion of nitric oxide and
cytokines (TNF-a, IL-6) in a dose-dependent manner. Especially, CMPP-1 had higher immune activity than
CMPP-2 as the minimum effective concentration were 0.78 pg/mL and 6.25 pg/mL, respectively. These findings

provide a scientific basis for further utilization of polysaccharide from kiwano peels.

1. Introduction

Polysaccharides come from a wide range of sources and have many
biological activities, such as antimicrobial activity, anti-inflammatory,
antioxidant activity, anti-diabetic activity, immunoregulatory etc
(Ullah, Khalil, Shaukat, & Song, 2019). Among which, pectin is an
immunologically active polysaccharide which widely presents in plants,
and has various functions with high safety (Mohnen, 2008). Recently,
the studies on pectin activity become the research hotspot. For example,
the pectin polysaccharides from sweet cherry (Cao et al., 2018), mul-
berry (Wang, Li et al., 2018) and pomegranate peels (Gavlighi, Tabarsa,
You, Surayot, & Ghaderi-Ghahfarokhi, 2018), which were effective in
inducing NO and TNF-a release from RAW264.7 cells. However, not all
pectin polysaccharides have the immune regulation activity (Cao et al.,
2018), such as pectin from Achillea millefolium (Freysdottir, Logadottir,
Omarsdottir, Vikingsson, & Hardardottir, 2016). Therefore, the new
pectin polysaccharide is worthy of further development.

Kiwano (Cucumis metuliferus), one kind of the genus Cucurbitaceae,
has been served as bioactive compounds for hypoglycemic (Gotep,
2011), anti-ulcer (Omale, Wuyep, Auta, & Wannang, 2011), antifungal
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(Nwadiaro, Ogbonna, Wuyep, & Sila-Gyang, 2015), antiviral (Anyanwu
& Wannang, 2014), etc. Though kiwano becomes popular fruit and has
the potential for fully commercialization, the research on kiwano peels
was rarely. The peels are by-products of the juice extraction process
which weighs accounts for about a quarter of the total fruit. It has been
reported that kiwano peels showed strong ferrous ion-chelating capacity
(Matsusaka & Kawabata, 2010), indicating biological activity. Several
pectin polysaccharides obtained from fruits peels, such as sweet lemon
peel (Rahmani, Khodaiyan, Kazemi, & Sharifan, 2019), pistachio green
hull (Kazemi, Khodaiyan, Labbafi, Hosseini, & Hojjati, 2019) and
watermelon rind (Dammak et al., 2019). These pectin were mainly
composed galacturonic acid, galacturonic, arabinose, rhamnose, et al.,
with HG and RG-I domains, which the structures were associated with
immune activity (Popov & Ovodov, 2013). Although some pectin ob-
tained from fruits of genus Cucumis, like Cucumis melo (Denman &
Morris, 2015) and Cucumis sativus (Chen, Huang, & Huang, 2019), there
were no studies on polysaccharides from Cucumis metuliferus peels.

In order to investigate the bioactivity of the polysaccharides from
kiwano peels, two novel polysaccharides fractions (CMPP-1 and CMPP-
2) were prepared by a series of extraction and purification. The chemical
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structure of polysaccharides was elucidated using fourier transform-
infrared spectroscopy (FT-IR), gel permeation chromatography (GPC),
high-performance anion-exchange chromatography with pulsed
amperometric detection (HPAEC-PAD), and nuclear magnetic resonance
(NMR) spectroscopy. Moreover, the immune-enhancing activities of
CMPP-1 and CMPP-2 were evaluated to investigate the effects on cell
viability, production of nitric oxide (NO) and secretion of cytokines
(TNF-a and IL-6) on RAW264.7 macrophages cells.

2. Materials and methods
2.1. Materials and reagents

Kiwanos were purchased from a supermarket in Fujian province in
China. The peels were removed manually and washed with distilled
water, after then which were freeze-dried. The peels were ground by
using a blender, passed through a 0.5 mm sieve and kept in seal sample
bags (No. 20180208) at —80 °C in Guangdong Provincial Key Laboratory
of Food Quality and Safety, South China Agricultural University, China.

DEAE-52 cellulose, Sephadex G-100 and lipopolysaccharide (LPS)
were purchased from Shanghai Yuanye Bio-Technology Co. LTD
(Shanghai, China). Standard monosaccharides (glucose, galactose,
arabinose, rhamnose, fucose, xylose, mannose, ribose, galacturonic acid,
and glucuronic acid) were purchased from Sigma Co. (MO, USA).
Acetonitrile and trifluoroacetic acid (TFA) were of chromatographic
grade from Sigma-Aldrich Co. LLC. (St. Louis, MO, USA).

RAW264.7 murine macrophage cells were obtained from American
Type Culture Collection (ATCC, Manassas, VA, USA). Dulbecco’s
modified Eagle’s medium (DMEM), fetal bovine serum (FBS) penicillin-
streptomycin and trypsin were the products of Gibco BRL (Gaithersburg,
MD, USA). NO detection kit was purchased from Beyotime Institute of
Biotechnology (Jiangsu, China). TNF-a and IL-6 enzyme linked immu-
nosorbent assay (ELISA) kits were purchased from NeoBioscience
Biotechnology Co. LTD (Shenzhen, China). All other reagents used in
this study were of analytical grade.

2.2. Polysaccharide extraction and purification

The dried peel powder was mixed with distilled water, at the ratio of
1:30 (w/v), stirred and heated to 70 °C for 3 h. The extractive was
filtered and centrifuged at 12,000 rpm for 15 min to collect the super-
natant, and the precipitation was mixed with distilled water to repeat
the extraction. The supernatant of two extractions were combined and
concentrated to 10 % of the original volume by a rotary evaporator at 65
[, and then mixed with Sevag reagent (CHCy3: n-C4HgOH = 4:1, v/v) ina
volume ratio of 4:1 followed by centrifuging at 12,000 rpm for 15 min to
remove protein. Then the supernatant was mixed with four volumes of
95 % ethanol overnight at 4 °C and centrifuged at 12,000 rpm for 15
min. The precipitate was re-dissolved and dialyzed against distilled
water (molecular weight cut off 5 kDa) for 3 days. Finally, the dialysate
was collected and lyophilized to obtain the crude polysaccharide of C.
meluliferus peels (CMPP).

The CMPP was dissolved in distilled water and loaded on a Cellulose
DEAE-52 column (4.5 x 70 cm) for further purification. Distilled water
and 0.1—0.5 mol/mL of gradient sodium chloride (NaCl) solution were
used to fractionate and elute the column at a flow rate of 3 mL/min, 10
mL per tube. Each fraction was gathered and measured by the phenol-
sulfuric acid method (Dubois, Gilles, Hamilton, Rebers, & Smith,
1956) to assay the content of carbohydrate. The water eluent was further
purified with the Cellulose DEAE-52 column, and the main poly-
saccharide fraction was collected, dialyzed and lyophilized. The poly-
saccharides obtained above were further fractionated using Sepharose
G-100 column (2.5 cm x 90 cm) and equilibrated with distilled water at
a flow rate of 0.5 mL/min, 5 mL per tube. The eluate was analyzed using
the phenol-sulphuric acid assay, and the fractions were collected
separately.
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2.3. Purity assessment and molecular weight analysis

The total flavones in the polysaccharide were determined by the
Sodium Nitrite-Aluminum Nitrate (Wang, Zheng, Cai, Yuan, & Gong,
2018), the total phenolics in the polysaccharide were determined by the
Folin-Ciocalteus method (Zhang et al., 2008). The UV-vis spectrum of
the water solution of the sample (1 mg/mL) was measured on a DU-8000
spectrophotometer (NanoDrop 2000c, Thermo Fisher Scientific, MMAS,
USA) in a wavelength range of 190—800 nm.

The homogeneity and molecular weight of polysaccharides were
determined by gel permeation chromatography (GPC) in a Waters 1525
HPLC system coupled with Waters 2414 differential refractive index
detector, using TSK G-5000 PWXL column (7.8 mm x 300 mm) and TSK
G-3000 PWXL column (7.8 mm x 300 mm). The Potassium dihydrogen
phosphate (0.02 mol/L) was used as eluent at a flow rate of 0.6 mL/min
with the column temperature maintained at 35 + 0.1 °C and 10 pL
samples (3 mg/mL) was injected for each run. The linear regression was
calibrated with T-series dextran standards and the molecular weights
(eight standards of 1 x 10%1 x 107 Da) of the polysaccharide was
expressed as the dextran equivalent molecular weight.

2.4. Monosaccharide analysis

5 mg polysaccharide sample was hydrolyzed using 1 mL 2.5 mol/L
TFA at 121 °C for 2 h. Using nitrogen gas with the methanol to remove
the excess TFA three times, then the dried samples were dissolved with
distilled water and prepared for injecting to the high-performance
anion-exchange chromatography with pulsed amperometric detection
(HPAEC-PAD) which was consist of ICS-5000 system (Thermo Fisher
Scientific) equipped with Dionex™ CarboPac™ PA20 (150 mm x 3 mm,
6.5 pm) and pulsed amperometric detector.

2.5. Congo red analysis and Scanning Electron Microscope (SEM)

Sample (0.5 mg/mL, 1 mL) mixed with the Congo red reagent (0.01
%, 2 mL). The NaOH concentration in the solution gradually increased
from O to 0.5 mol/mL, and the maximum absorption wavelength at each
NaOH concentration was recorded in the process with an ultraviolet-
visible spectrophotometer. The Congo red solution without poly-
saccharide was used as control (Zhang et al., 2019).

The scanning electron micrograph of samples were obtained using an
environmental scanning electron microscope (LEO1530VP, Zeiss,
Oberkochen, Germany). The dried powder sample was placed on a
specimen holder fixed with double-sided adhesive tape, then sputtered
with gold powder using a sputter coater and observed at 500 x and
5000x magnifications.

2.6. Fourier transform infrared spectroscopy (FT-IR)

For FI-IR analysis, 1 mg of the sample mixed with KBr powder,
ground and then pressed into 1 mm pellets for Fourier transform infrared
(FT-IR) measurement (Bruker, Rheinstetten, Germany). FT-IR spectra of
the polysaccharide was measured in the frequency range of 4000-400

cm
2.7. Methylation analysis

The reduction of uronic acids of the polysaccharides were performed
by using the method of methylation. The samples (10 + 0.05 mg) were
reduced with NaBH4 and NaBDy, dialyzing and lyophilizing to acquire
the reduzates, the reduzates were methylated in DMSO/NaOH with
CHsl. After complete methylation, the permethylated products were
hydrolyzed with 2 mol/L TFA at 121 °C for 1.5 h, reduced by NaBD4 and
acetylated with acetic anhydride. The acetates were dissolved in chlo-
roform and analyzed with GC-MS on an Agilent 6890A-5975C equipped
with Agilent BPX70 chromatographic column (California, USA). The
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Fig. 1. Separation of CMPP-1 and CMPP-2. DEAE-cellulose elution curve (A);
Sephadex G-100 elution curve (B). General properties of CMPP-1 and CMPP-2.
UV-vis spectrum (C).

column temperature was started with 140 °C and held for 2 min,
increasing by 3 °C /min to 230 °C and hold for 3 min. The injection
temperature was 260 °C and detector temperature was 230 °C. Helium
was used as the carrier gas with 1 mL/min. Mass spectra was interpreted
to identify the compound that corresponded to each peak, and the
relative molar ratio was calculated according to equation:

Relative molar ratio (%) = relative molar quantity/sum of relative molar
quantities of each component; (€8}

Relative molar quantity = molecular weight/peak area. (2)
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Table 1

Monosaccharide composition of CMPP-1 and CMPP-2.
Monosaccharide CMPP-1 CMPP-2
Monosaccharide composition (%)
GalA 45.93 51.75
Rha 13.50 16.24
Gal 13.81 9.57
Ara 10.37 5.79
Glu 5.54 4.67
Xyl 4.24 8.05
Fuc 2.51 2.03
GluA 2.07 1.00
ManA 1.79 0.51
Man 0.17 0.32
Molar ratio®
HG (%) 32.43 35.51
RG-I (%) 51.18 47.84
R1 1.03 1.24
R2 0.29 0.31
R3 1.79 0.95

@ Molar ratios: exhibiting the primary structural properties of pectin mole-
cules; HG= GalA - Rha, homogalacturonan; RG-I = 2Rha + Ara + Gal,
rhamenogalacturonan-I; R1=GalA/(Fuc+Rha+GluA+Ara+Gla+Xyl), the line-
arity of pectin; R2=Rha/GalA, the contribution of RG to pectin population; R3=
(Gal+Ara)/Rha, the length of side chains attached to RG-I.

2.8. Nuclear magnetic resonance (NMR) spectroscopy

For the NMR spectroscopy, 30 mg of the sample was dissolved in 0.5
mL D50 to a final concentration of 60 mg/mL. 1D-NMR and 2D-NMR
(*H-NMR, '3C-NMR, COSY and HSQC) were recorded at 25 °C with a
Bruker AVANCE IITHD 600 spectrometer system (Bruker, Rheinstetten,
Germany) operating at 600 MHz. Chemical shifts were expressed in ppm
relative to acetone at § 2.22/30.2 (lH /13C).

2.9. Immunomodulatory activity

2.9.1. Cell culture and reagents

Murine macrophage RAW264.7 cells were grown in Dulbecco
modified Eagle’s medium (DMEM) with 10 % heat-inactivated fetal
bovine serum (FBS) and 1% penicillin and streptomycin. All cultures
were performed in culture plates at 37 °C in a humidified atmosphere
containing 5 % COg,

2.9.2. Cell viability assay

Cell viability was determined by 3-(4,5-Dimethylthiazol-2-yl)-2,5-
bromo diphenyltetrazolium (MTT) method, where the reduction of
crystal tetrazolium forming through mitochondrial enzymes was
possible only in viable cells. Cells were plated in 96 well plates (3 x 10*
cells/well) and treated with different concentrations of polysaccharides.
After 24 h, 10 pL/well of the 5 mg/mL MTT solution was added. After 4 h
of incubation, the cell supernatant was moved and 100 pL of Dime-
thylsufoxide (DMSO) was added for lysis and crystal solubilization. Then
absorbance was recorded 490 nm wavelength.

2.9.3. Assay of NO and cytokine production

RAW264.7 cells were plated onto 24 well plates (5 x 105 cells/100
pL), induced with 1 pg/mL LPS (for the positive group), FBS (as the
control group) or different concentration of polysaccharides at 37 °C for
24 h. The NO production was assayed using the Griess reagent and
absorbance was recorded 540 nm wavelength. The other media was
collected and diluted to an appropriate concentration for ELISA that
absorbance was subsequently read at 540 nm. Three independent ex-
periments were performed with three parallel wells in each experiment.
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Fig. 3. FT-IR spectrum of CMPP-1 and CMPP-2.

2.10. Statistical analysis

All experiments were repeated in triplicate. Data of immunomodu-
latory activity were expressed as mean =+ standard deviations (SD).
Significance was analyzed by one-way ANOVA using SPSS 20.0 software
(IBM Corporation, Armonk, NY, USA). Comparisons with p < 0.05 were
considered significant differences.

3. Results and discussion
3.1. Preparation and purification analysis

First, the crude polysaccharide (CMPP) from kiwano peels was ob-
tained by hot water extraction and ethanol precipitation. Then, the
CMPP was separated on a Cellulose DEAE-52 chromatography, and the
separation flow diagram was illustrated in Fig. 1(A). Two main fractions
eluted by 0.3 and 0.4 mol/L NaCl were collected, designating CMPP-1
and CMPP-2, respectively. After that, the two fractions were desalted
and further purified by a Sepharose G-100 column. As a result, a single
and symmetrical elution peak was apparent from the two eluents
(Fig. 1B). After the purification, the total flavones and total polyphenols
were not detected, and Fig. 1(C) showed no absorbance at 260 nm and
280 nm which indicated no nucleic acid and protein existed (Morrison &
Jacobs, 1976). Furthermore, based on the calibration curve between
retention time and the logarithm of Mw of dextran standards, CMPP-1
and CMPP-2 had a homogeneous Mw distribution of 7.35 kDa and
6.90 kDa, respectively, which was more than that of pistachio hull (1.66
kg/mol) (Kazemi et al., 2019), but less than that of lemon peel (615.836
kg/mol) (Rahmani et al., 2019). The result indicated the high Mw in
molecular sizes of CMPP-1 and CMPP-2.

3.2. Monosaccharide analysis

Polysaccharides are comprised of monosaccharides, which also in-
fluence the structure and activity of polysaccharides. For understanding
the monosaccharides composition and degree of branching, the mono-
saccharide content of each fraction was determined by HPAEC-PAD. As
showed in Table 1, both CMPP-1 and CMPP-2 had mainly 10 mono-
saccharides composition, including GalA, Rha, Ara, Gal, Glu, Xyl, Fuc,
GluA, ManA and Man, in differences ratios. GalA was the main con-
stituent as the linear chains in the structure of CMPP-1 and CMPP-2 with
a value of 45.93 % and 51.75 %, respectively. Rha, Gal and Ara
accounted for more than half of total neutral sugars which suggested the
high amount of RG-I in the two fractions structure. The value of HG
(32.43 %/35.51 %) was less than that of RG-1 (51.18 %/47.84 %), which
exhibited the part of linear was less than the part of side chains in CMPP-
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1 and CMPP-2, respectively. It was reported that pectin containing less
than 75 % galacturonic acid residues and ramified region, especially the
RG-I fragment of the branched region, were shown to play an important
role in stimulating the immune response (Popov and Ovodov, 2013). In
the current study, the Rlvalue of the each fraction (1.03/1.24) was
found to be lower than sweet lemon peel (1.53) (Rahmani et al., 2019),
grapefruit peel pectin (2.52) (Wang et al., 2016) and pistachio green hull
pectin (1.97) (Kazemi et al., 2019), means the CMPP-1 and CMPP-2 had
more part of side chains than them. Besides, the R2 and R3 value indi-
cated that the two components were mainly RG-I domain, and the de-
gree of branching in CMPP-1 was higher than CMPP-2.

3.3. Morphological properties

In generally, the triple helix structure is considered to be related to
biological activity (Liu & Xu, 2016). As shown in Fig. 2(A), there was no
triple helix structure in the two fractions with the concentration range of
0-0.5 mol/L NaCl, similar to the polysaccharide from fermented Apple
Pomace (Feng, YuRong, Xi, Dong, & Jie, 2017). It was reported that the
polysaccharide with molecular weight less than 90 kDa usually had not
the triple helix structure, corresponding to the molecular weight anal-
ysis of the results in previous research (Hazime et al., 1991).

The molecular morphology of polysaccharides was investigated by
SEM under 500 x and 5000 x magnifications (Fig. 2B-E). The CMPP-1
was an irregular block with a smooth surface, while CMPP-2 occurred in
a state of aggregation with network structures. CMPP-2 had more cir-
cular cavity, which might because it existed the repulsive forces in the
polysaccharide molecules, leading to weak intermolecular attractive-
ness (Li, Zhong, & Liu, 2010). The differences in surface morphology
might ascribe to the different degrees of branching in the two fractions.

3.4. FI-R analysis

The chemical bonds and functional groups of CMPP3 and CMPP4
were further analyzed by FT-IR (Fig. 3). The broadly-stretched intense
peak at around 3300-3500 cm ™! represented the stretching of the hy-
droxyl groups, and the small peaks observed at around 2920 cm ™! was
attributed to the CH stretching and bending vibrations of free sugars
(Jiao, Kuang, Hu, & Chen, 2018). The ester carbonyl C—=0 asymmetric
stretching vibration at 1730 cm ™! indicated the existence of acetylation,
the non-ester carbonyl C—O asymmetric stretching vibration at 1610
em ! suggested the existence of uronic acid (Shu et al., 2018). The ab-
sorption peak at 1240 cm ™! was also assigned to the trace of uronic acids
and ester sulfate (Jiao, Hua, Dong, Qian, & Yan, 2018). Furthermore, the
1200-950 cm~! was dominated by ring vibrations overlapped with
stretching vibrations of the C—OH— side groups and the C—OC—
glycosidic bond vibration. The strong absorbance of at 1017 cm ™! and
1101 em ™! attributed to the stretching vibrations of the pyranose ring of
the glucosyl residue (Ren, Zhao, Zheng, Alim, & Yang, 2019). It had
different bending vibrations of peaks between CMPP-1 and CMPP-2,
which may be related to the number of functional groups in each frac-
tion. Moreover, the absorptions at about 825 and 895 cm ™! indicated
that a- and pg-configurations were both present (Bi et al., 2018). Conse-
quently, the results suggested that the structure of CMPP-1 and CMPP-2
contained the typical groups of pectin.

3.5. Methylation analysis

To further obtain the structural information of CMPP-1 and CMPP-2,
the glycosidic bond types were analyzed by methylation and GC-MS
methods. As summarized in Table 2, the results demonstrated that
CMPP-1 and CMPP-2 were identified as nine and eleven derivatives,
respectively. Among these monosaccharide residues, CMPP-1 and
CMPP-2 had four same types of glycosidic bond at different relative
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Table 2

Methylate analysis data of CMPP-1 and CMPP-2.
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Retention Time (min)

Type of Linkage

Methylated Sugars

Relative Molar Ratios (%)"

Mass Fragments

CMPP-1
6.537
9.514
9.719
10.712
11.375
14.653
16.679
17.904
19.69

CMPP-2
6.264
7.927
9.535
9.678
10.712
13.264
13.73
14.688
14.941
16.672
17.883

t-Ara(f)
2-Rha(p)
4-Rha(p)
t-Gal(p)A
5-Ara(f)
4-Gal(p)A
3,4-Gal(p)
2,4-Gal(p)
4,6-Gal(p)

t-Rha(p)
t-Ara(p)
2-Rha(p)
t-Glu(p)
t-Gal(p)A
2,4-Rha(p)
3-Gal(p)
4-Gal(p)A
4-Glu(p)
3,4-Gal(p)A
2,4-Gal(p)

2,3,4-Me3-Ara
3,4-Me2-Rha
2,3-Me2-Rha
2,3,4,6-Me4-Gal
2,3-Me2-Ara
2,4,6-Me3-Gal
2,6-Me2-Gal
3,6-Me2-Gal
2,3-Me2-Gal

2,3,4-Me3-Rha
2,3,4-Me3-Ara
3,4-Me2-Rha
2,3,4,6-Me4-Glu
2,3,4,6-Me4-Gal
3-Me-Rha
2,4,6-Me3-Gal
2,3,6-Me3-Gal
2,3,6-Me3-Glu
2,6-Me2-Gal
3,6-Me2-Gal

6.84
16.02
3.72
14.53
2.87
40.20
7.86
4.66
3.30

3.58
5.55
24.35
5.46
7.82
3.75
2.39
35.71
3.30
6.00
2.10

87,102,118,145,161
72,89,115,131,160,190,234
71,101,118,162,202,234
55,71,87,118,161,205,220,263
71,87,102,118,162,189
71,118,173,203,233
59,87,118,185,232,305
71,88,113,130,173,190,211,233,274
71,85,118,159,201,261,299,338

59,72,89,102,131,162
59,88,118,129,161,173
57,72,89,100,131,160,190
71,102,145,162,205,234
71,87,102,118,145,161,205
74,88,130,160,190
87,101,118,161,203,234,277
71,118,173,203,233
71,118,162,203,233
59,87,118,185,232,305
71,88,113,130,173,190,214,233,27

# Relative molar ratio (%) = relative molar quantity/sum of relative molar quantities of each component; Relative molar quantity = molecular weight/peak area.
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Fig. 4. '"H NMR spectrum (A-B) and HSQC spectrum (C-D) of CMPP-1 and CMPP-2.

molar ratios, respectively, including —2)-Rhap-(1—, t-GalpA-(—1, —4)-
GalpA-(1— and —2,4)-Galp-(1—. GalA residues of two fractions were in
accordance with monosaccharide composition analysis, and —4)-GalpA-
(1— were consider as the major building blocks, consistent with the
most of pectin polysaccharides. It’s well known that pectin had several

domains like HG, RG-I and RG-II, etc, and the differences in structure of
pectin polysaccharides were the ratio of domains and the branching of
the side chains (Mohnen, 2008). Therefore, in addition to the differences
of relative molar ratios in the two fractions, the glycosidic bond types
may also be the cause of structural differences among CMPP-1 and
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Table 3
Chemical shift assignment of glycosidic linkages in CMPP-1 and CMPP-2.
Residues Linkage ~ H1/C1  H2/ H3/ H4/ H5/C5 H6/C6
c2 c3 c4
CMPP-1
A H 499 4.04 3.82 412 g‘;(l)/

wl-Aaf o 0726 8065 7625 8221 60.74
B H 5.6 4.32 3.91 3.41 3.68 1.15
2)-a-L-Rhap C 9866  77.50 69.50 71.37  68.32 16.35
C H 492 3.99 4.03 3.92 3.68 1.15
240l c 9741 75.17 6951 81.13  68.13 16.35

Rhap
D H 497 3.40 3.63 3.37 3.99
a-D-GalpA C 9879 7137 7223  69.47  75.00 174.73

3.91/
E H 515 411 4.08 422 384
5)-o-L-Araf C 108.99 8204 7517 8126  68.60
F H 5.00 3.66 3.82 433 4.68
4)-a-D-

GalpA C 9866 6796 6891 7750 71.24 174.73
G H 5.05 3.66 3.93 410 3.69 3.74
3,4-aD- C 10082 7219 8113 8078  76.84 60.61

Galp

3.74/
H H 454 3.58 3.82 411 3.66 382
4)p-D-Galp C 104.28 7424 7612  77.89  74.52 60.44
I H 5.07 4.08 3.72 3.53 3.85 3.63
4,6)-p-D- C 10726 77.37 7672 7625 6891 68.13

Galp
CMPP-2
a H 5.16 413 3.75 3.35 4.05 1.33
a-L-Rhap C 9832 7053 7291 71.23 702 16.25
b H 492 4.06 3.84 417 3.60 3.86
o-L-Arap C 107.43 814 75.14  83.2 65.39 68.30
c H 5.09 427 3.96 3.35 3.62 1.09
2)-o-L-Rhap C 9879  77.72 69.77 7124  67.66 16.10
d H 476 3.58 3.62 3.84 3.97 3.56
B-D-Glup C  99.92 7220 7204 70.67 69.88 63.12
e H 494 3.34 3.61 3.20 3.93
a-D-GalpA C 99.02 6870 7212 71.81  74.08 175.06
f H 486 3.85 4.07 3.85 3.67 1.15
2,4-a-Rhap C 97.45 7486 70.40 8124  67.96 16.38
g H 447 3.75 3.93 4.30 3.80 3.60
3)p-D-Galp C 103.95 7275 81.95 70.64  76.12 63.00
h H 491 3.61 3.87 4.27 4.68
4)-0-GalpA ~C 9896  68.17 68.44 77.76  71.11 175.06
i H 437 3.84 3.76 3.57 3.57 3.75
4)p-D-Glup C 10270 7475 7263  80.15  72.20 63.86
j H 5.05 3.67 4.24 4.44 5.00
3,4)-aD- C 100.69 67.90 77.72  78.62  70.40 170.76

GalpA

3.77/
k H 453 3.64 3.84 412 3.62 386
4)-D-Galp C 103.67 7202 77.20 7625  74.87 61.69

CMPP-2.

3.6. NMR analysis

To further interpret the structure of CMPP-1 and CMPP-2, the poly-
saccharides were analyzed via 1D-NMR and 2D-NMR. The 'HNMR
spectra of the two fractions represented were showed in Fig. 4(A-B). In
the 'H NMR spectra, the majority of signals appeared within 3.2-5.1
ppm. The chemical shift was influenced by the sugar type, linkage type,
substitution and modifications. In general, the anomeric signals over 4.9
ppm region represented the type of a-configuration and less than 4.9
ppm represented f-configuration (Song et al., 2019). Thus, it can be
concluded that the two fractions both have a- and p- configuration.

Combined with the methylation analysis and HSQC spectra
(Fig. 4C-D), the chemical shifts of these glycosidic linkages in CMPP-1
and CMPP-2 were assigned and listed in Table 3. GalpA residues were
expected to be the most abundant residues. CMPP-1 and CMPP-2 both
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had two similar anomeric signals at 4.92/4.94 and 5.00/4.91 ppm, and
carbon signals at 99.02/98.75 and 98.96/08.66, which were assigned to
a-D-GalpA-1 and 4-D-GalpA-1 (Mei, Yang, Zhu, Peng, & Liang, 2014; Yi
et al.,, 2016). While CMPP-2 had anomeric proton signals and carbon
signals at 5.05 and 100.69 that were assigned to 3,4-a-D-GalpA-1 (Yang
et al., 2018). The chemical shifts of CMPP-1 and CMPP-2 consistent
nearly with the reported values, and it could be deduced that the
backbones of CMPP-1 and CMPP-2 were proven to have the HG domain.
The anomeric signals at 5.16/5.09 and 4.92/4.86 ppm, and carbon
signals at 98.66/98.79 and 97.41/97.45 were corresponded to the
2-a0-L-Rhap-1 and 2,4-a-L-Rhap-1 in CMPP-1 and CMPP-2, respectively,
similar to the features of RG-I domains (Liu, Zhao, Wu, John, & Yang,
2017; Liu, Liu, Zhu, Yu, & Gaoa, 2016). As literatures reviewed, the
structure of CMPP-1 and CMPP-2 can be divided linear HG regions and
branched rhamnogalacturonan RG-I regions.

Considering the results of methylation analysis, the NMR signals
indicated the presence of same residues in repetitive units of CMPP-1
and CMPP-2. The signal at 4.54/4.53 and 104.28/103.67 were attrib-
uted to 2,4-Galp-1 in CMPP-1 and CMPP-2, respectively (Liu et al.,
2017). However, there were also differences in glycosidic bond types of
the two fractions. The anomeric and carbon signal at 5.05/100.82 and
5.07/107.26 were assigned to 3,4-a-D-Galp and 4,6)-f-D-Galp in
CMPP-1, while the signal at 4.47,/103.95 was assigned to 3)-8-D-Galp in
CMPP-2 (Du, Li, Zhu, Huang, & Yu, 2018; Molaei & Jahanbin, 2018; Wei
et al., 2019). The signal at 4.99/107.26 and 5.15/108.99 were appoin-
ted to a-L-Araf and 5)-a-L-Araf in CMPP-1, and the signal appeared in
4.92/107.43 was appointed to a-L-Arap in CMPP-2 (Jiao, Hua et al.,
2018; Yang et al., 2018). Especially, the $-D-Glup and 4)-8-D-Glup were
only detected in CMPP-2, which were matched with the signal of
4.76/99.92 and 5.05/102.7 (Lei et al., 2018; Zhao et al., 2014). These
results may be concluded that the two fractions have difference glyco-
sidic bond types in branches of side chain.

Combined with methylation and above NMR analysis, the backbone
chain of CMPP-1 and CMPP-2 were composed by repeated 4-a-D-GalpA-
1, and portion of region was linked by 4-a-D-GalpA-1 and 2-a-L-Rhap-1
alternatively. Furthermore, CMPP-1 had a branch of 2,4)-Galp-(1, 3,4)-
a-D-Galp-(1, 4,6)-p-D-Gal, a-L-Araf and 5)-a-L-Araf, while CMPP-2 had
2,4)-Galp-(1, 3)-B-D-Galp, a-L-Arap, B-D-Glup-(1, p-D-Glup and 4)-p-D-
Glup. The probable structure detail of CMPP-1 and CMPP-2 were
designed in Fig. 5(A-B). These structures of the two fractions were
similar to the pectin polysaccharides from Cucumis melo (Denman et al.,
2015), which also had HG and RG-I domains, and the branches were
consists of Gal and Ara, etc. Besides, compared with CMPP-2, CMPP-1
had more glycoside bonds with connection points, which suggested the
branching degree of CMPP-1 was higher than CMPP-2, corresponding to
monosaccharide composition analysis.

3.7. Cell viability

The cytotoxicity of polysaccharides was evaluated against
RAW264.7 macrophages by MTT assay (J. Du et al., 2018). As shown in
Fig. 6, CMPP-1 and CMPP-2 exhibited no inhibition on cell viability
under the concentration of 50 pg/mL for 24 h. It should be noted that the
cell viability was significant enhanced (p < 0.05) at the concentration
range of 0.78-3.13 pg/mL for CMPP-1 and 12.5-25 pg/mL of CMPP-2,
respectively, which were the optimum concentration ranges. Consid-
ering the polysaccharides from Dendrobium officinale (Zeng, Yang, Wang,
Zong, & Lou, 2019) and green alga (Hao et al., 2019), the different
concentration ranges of CMPP-1 and CMPP-2 were used in the following
study.

3.8. Immune-enhancing activity
Macrophage activation was an important step in immune defense,

enhancing the secretion of cytokines (NO, IL-6 and TNF-a) (Liao et al.,
2015). It was commonly used in evaluating the immunomodulatory
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Fig. 6. Effects of CMPP-1 and CMPP-2 on the proliferation. Data were pre-
sented as mean =+ SD. Different lowercase alphabet letters (a—d) were signifi-
cantly different if p < 0.05.

activity (Lin, Liao, & Ren, 2016).For the release of NO (Fig. 7A-B), it can
be seen that NO production was significant increased (p < 0.05) in a
dose-dependent manner by the treatment of different concentrations of
CMPP-1 (3.13-50 pg/mL) and CMPP-2 (6.25—50 pg/mL). Compared
with the minimum effective concentration (3.13 pg/mL) of CMPP-1,
CMPP-2 showed weaker ability to increase NO production at 6.25
pg/mL. Under the maximum treated concentration (50 pg/mL) of
CMPP-1 and CMPP-2, the NO productions were 22.51 pmol/L and 21.58
pmol/L, respectively, which were inferior to the LPS group
(33.47pg/mL).Since the over production of NO could cause apoptosis in
macrophages (Song et al., 2020), the above results indicated that the
two fractions were more moderate than LPS.

As for the secretion of TNF-a and IL-6, ELISA results suggested that
the cellular release was also increased with the concentration-dependent
manner at the treated concentrations of CMPP-1 and CMPP-2. The
production of TNF-a in CMPP-1 (0.78, 3.13, 12,5 and 50 pg/mL) was
measured to be 2.6-fold, 4.1-fold, 7.3-fold and 10.2-fold of control group
(Fig. 7C). While that of CMPP-2 (6.26, 12.5. 25, 50 pg/mL) was
measured to be 2.0-fold, 2.6-fold, 4.4-fold and 7.0-fold of control group
(Fig. 7D). Additionally, the lower dosage (6.26 and 12.5 pg/mL) of
CMPP-2 treatment showed no significant effect on RAW264.7 cells
compared with control group, whereas the higher dosages (25 and 50

role in secreting NO, TNF-a and IL-6, and CMPP-1 had better immune-
enhancing activity than CMPP-2 at the same concentration. The differ-
ence in immune activity of the fractions was related to structure, which
were in agreement with the previous studies on pectin polysaccharide
obtained from citrus (Park et al., 2019), mulberry (Lee et al., 2013) and
sweet cherry (Cao et al., 2018).

Immune-enhancing activity is one of the most important activities of
pectin polysaccharides, and it is related to the structural characteristics,
such as monosaccharide composition, branch degrees and glycosidic
linkages, etc. (Borazjani, Tabarsa, You, & Rezaei, 2017) In this study,
CMPP-1 and CMPP-2 can be considered as immunostimulatory pectin
with the less contain of galacturonic acid (45.93 % and 51.75 %,
respectively) and a large branched region with Rha, Gal and Ara, which
consistent with these results of pectin from bergenan, silenan, butomusan,
and lemnan (Popov and Ovodov, 2013). Especially, the immunomodu-
latory activity of CMPP-1 was higher than that of CMPP-2, and it might
be due to the branch region consisting of different ratio of mono-
saccharide and glycoside bonds. This phenomenon was in accordance
with the study on mulberry polysaccharides, which reported that PFA-1
had higher Gal and Ara content than PFA-2 exhibited higher immune
activity (Wang, Li et al., 2018). Thus, although the total cellular stim-
ulating activity of pectin was not only controlled by a single structural
characteristic (Bahramzadeh et al., 2019), the different of structural
features like CMPP-1 and CMPP-2 might be the reasons for their
immunomodulatory effect. The structure-activity relationship of pectin
polysaccharide needs further study.

4. Conclusions

Taken together, combining hot-water extraction, ethanol precipita-
tion and column chromatography, the present study provided informa-
tion about two pectin polysaccharides that were isolated from the
kiwano peels. According to the results of structural characterization,
CMPP-1 and CMPP-2 were acidic heteropolysaccharide fraction and rich
in galacturonic acid. The structure of the two fractions were deduced to
be RH-I domain with glycan side chains composed of arabinose and
galactose, and CMPP-1 possessed higher degree of branching than
CMPP-2. Moreover, the two fractions showed immune-enhancing ac-
tivity and could enhance the secretion of NO and cytokines (TNF-a, IL-6)
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in a dose-dependent manner, of which, CMPP-1 had highly immune
activity than CMPP-2. From the above results, the polysaccharides from
kiwano (Cucumis metuliferus) peels could be further developed for
utilization.
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