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Abstract In Vietnam, Celastrus hindsii Benth, a medicinal
plant rich in secondary metabolites, has been used to alleviate
distress caused by ulcers, tumors, and inflammation for
generations. The occurrence of two phenotypes, Broad Leaf
(BL) and Narrow Leaf (NL), has raised questions about the
selection of appropriate varieties for conservation and crop
improvement to enhance medicinal properties. This study
examined molecular differences in C. Aindsii by comparing
protein profiles between the NL and BL types using 2D-
PAGE and MS. Peptide sequences and proteins were
identified by matching MS data against the MSPnr100
databases and verified using the Multildent tool on EXPASy
and the Blast2GO software. Our results revealed notable
variations in protein abundance between the NL and BL
proteomes. Selected proteins were confidently identified
from 12 protein spots, thereby highlighting the molecular
variation between NL and BL proteomes. Upregulated
proteins in BL were found to be associated with flavonoid
and amino acid biosynthesis as well as nuclease metabolism,
which probably attributed to the intraspecific variations.
Several bioactive proteins identified in this study can have
applications in cancer therapeutics. Therefore, the BL
phenotype characterized by healthier external morphological
features has higher levels of bioactive compounds and could
be better suited for medicinal use.
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Introduction

The medicinal plant Celastrus hindsii Benth. has been
utilized as a traditional medicinal source for treatment of
some chronic disorders in Northern Vietnam, particularly
by Muong people. Over past decades, C. hindsii has been
discovered for a variety of chemical components, including
sesquiterpenes, triterpenes, alkaloids, and flavonoids, as
well as their bioactivities (Hu et al. 2014; Thuy et al. 2007,
Viet et al. 2019). Other antioxidants (vitamin C, vitamin
E, and some phenolics), which have been shown to have
some health effects on reducing the occurrence of cancer
and cardiovascular disorders, were also isolated from dried
leaves of C. hindsii (Ly et al. 2006). The rapid increase
in the global population with chronic diseases leads to an
elevated uptake of these medicinal compounds. With a
relatively high content of diversely specialized secondary
metabolites, C. hindsii is attracting greater international
scholarly attention. Recent phytochemical investigations
conducted on C. hindsii have based on plant materials
collected from different locations. Therefore, the results
have minimal comparative implications for the selection of
appropriate varieties for conservation and medicinal plant
crop improvement. The occurrence of two different leaf
morphological phenotypes (narrow-leaf - NL and broadleaf -
BL) grown in both wild and cultivated conditions may be
the result of diverse factors, including molecular regulation.

Plants respond to changing environmental conditions by
reprogramming their cellular machinery at the molecular
levels (Amudha et al. 2005). In other words, the bio-
synthesis of plant secondary metabolites is induced by
external factors and regulated by complicated molecular
mechanisms. Profiling a proteome of an organism can
provide insights into the cellular pathways of that species,
particularly the biosynthetic pathway of specialized sec-
ondary metabolites. In the light of recent plant genomic
studies, the power of proteomics by differential displays of
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the proteome has allowed the identification of polypeptides
by a mass spectrometer (MS) (Anguraj 2015). Up to date,
there has not been any proteome report from medicinal
plant C. hindsii. Therefore, the underlying cellular mechanisms
leading to the divergence in NL and BL of C. Zindsii remain
elusive at the proteome level. Comparative proteomic analyses
have been performed on many crops and medicinal plants
to examine differentially expressed proteins under various
conditions and in different plant cultivars and species (De
Filippis and Magel 2012; Wang et al. 2015). However, the
proteome profiling of the variation in C. Aindsii phenotypes
has not yet been investigated. Findings from previous
research could be useful to further understand the pharma-
ceutical properties of C. hindsii - a potential candidate for
medicinal plant crops.

Therefore, the current study, for the very first time to
the best of our knowledge, investigated further molecular
changes in the plant C. hindsii to disclose the protein
profile in NL and BL. A comparative analysis using 2D-
PAGE, coupled with MS, was adopted to discover the
differential proteins corresponding to the morphological
formations of NL and BL in C. hindsii. Combining pro-
teomics with molecular approaches allows a better under-
standing of the biosynthesis pathway of valuable secondary
metabolites of medicinal values.

Materials and Methods

Study area

This research component was a part of the 4-year project
in which proteomics component was conducted from 12/2017
to 06/2018. in the biological laboratory of the Life Sciences
Department, Faculty of Science, University of Technology
Sydney, Australia.

Plant materials

Plant materials were collected in home gardens in Phu
Tho Province, Vietnam. Leaves were manually harvested
from mature plants, cleaned, and immediately protected
away from moisture and direct sunlight in silica filled
sealed plastic bags in the field, before shipment. Air-dried
leaves were then store in -80°C freezer. Air-dried leaf was
weighed using an electronic balance (Sartorius, Quintix224-1S,
Germany, accuracy + 0.0001 g), sliced into thin pieces (1 ~2
mm’), and frozen immediately in liquid nitrogen. The frozen
tissues were subsequently ground into fine powder by pul-

verizing using a cryomill (Retsch MM200, Rheinische,
Germany) with a 1 cm stainless steel ball. The final powder
was then stored in liquid nitrogen for immediate protein
extraction or stored at -80°C for later extraction.

Chemicals

Acrylamide, polyvinylpolypyrrolidone (PVPP), standard protein
molecular weights, and carrier ampholytes were purchased
from Sigma (St. Louis, MO, USA). SDS, TEMED, ammonium
acetate, and P-mercaptoethanol were from Sigma-Aldrich.
The immobilized pH gradient, chemical agents, and equipment
required for 2-DE were provided by Bio-Rad. All solutions
were prepared using double-distilled water.

Protein extraction

The borax-PVPP-Phenol method (BPP) was proven to be
effective in dealing with recalcitrant plant tissues and fa-
cilitate downstream applications by removing most of the
interfering compounds and producing high-quality protein
samples (Wang et al. 2007). Interfering compounds such as
polysaccharides, polyquinones, and phenolic compounds were
removed by borax and PVPP. B-mercaptoethanol and ascorbic
acid was also added to prevent the oxidation of polyphenols.
In this study, the BPP protocol was selected with some
modifications; the protein extraction buffer contained the
addition of SDS and protease inhibitor, and the protein pre-
cipitation reagents (ammonium sulfate saturated-methanol)
were replaced by 0.1 M ammonium acetate saturated-methanol.
These alterations facilitated protein solubility and ensured
a minimum activity of protein degradation.

In short, 1g of frozen dry leave powder was resuspended
in 3 ml ice-cold extraction buffer of 100 mM Tris (pH 8.0)
containing 100 mM EDTA, 50 mM borax, 50 mM vitamin
C, 1% PVPP wiv, 1.5% Triton X-100 v/v, 20% SDS, protease
inhibitor, 2% B-mercaptoethanol v/v and 30% sucrose w/v.
After 5 min vortexing at room temperature, two volumes
of Tris-saturated phenol (pH 8.0) were added, and then
vortexed for further 10 min. After being centrifuged (4°C,
15 min, 15,000 x g), the upper phase was transferred to a
new centrifuge tube then added an equal volume of ex-
traction buffer. After vortexing the mixture for 10 min and
centrifugation (at the same condition), the supernatant was
then collected. The precipitation of proteins was carried out
by adding five folds of 0.1 M ammonium acetate saturated-
methanol and incubated at -20°C overnight or at least six h.
The protein pellet collected after centrifugation was re-sus-
pended and rinsed with ice-cold methanol followed by
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ice-cold acetone twice and spun down at 15,000 x g for
5 min at 4°C after each washing, and then the mixture was
carefully decanted. Finally, the washed pellet was air-dried,
then recovered with lysis buffer UTC 7 (7 M Urea, 2M
Thiourea, 0.5% C7BzO) followed by the reduction and
alkylation of disulfide bonds in a single step, for 90 min
at room temperature, using the reducing agent tributylpho-
sphine (TBP, 5 mM) and an alkylating acrylamide monomer
(AM, 20 mM). The reaction was quenched using dithiothreitol
(DTT, 20 mM).

Quantification of proteins

Protein concentration was determined using the 1D PAGE
and densitometry. Bovine serum albumin was used as the
standard. Soluble protein contents were the results of three
separate experiments with three replicates in each (n = 9)
and standard errors (SE) of the means included.

Protein fractionation and detection

2D-PAGE was carried out following De Filippis & Magel
(De Filippis and Magel 2012) with some modifications.
Proteins (300 pg) were analyzed using IEF in the first di-
mension, which was based substantially on their charge
and pH equilibrium. Immobilized pH gradient (IPG) strips
(Bio-Rad, pH 3-10, 11 cm) were passively rehydrated using
rehydration solution (UTC7) at room temperature for 6 h
at least. IPG strips with a narrow linear range of pH (pH
4-7) were used eventually to provide enhanced resolution
and more precise isoelectric point (pI) values for protein
spots. Isoelectric focusing was conducted at 20°C with a
Protean IEF device (Bio-Rad). The gel strips were subse-
quently equilibrated in equilibration buffer (6 M urea, 250 mM
Tris, and 2% SDS). IEF conditions were: 100 V ~3000 V
(slow ramp for 5 h), 3000 V ~ 10000 V (linear ramp for 3 h),
10000 V (constant for 10 h). Separation in the second di-
mension was performed in a vertical Criterion™ precast
polyacrylamide gel (Bio-Rad) in MES SDS running buffer
(Invitrogen, Life Technologies) in a Midi format electrophoresis
systems (Bio-Rad Laboraroties, NSW, Australia) using the
following voltage steps: 150 V (0.25 h) and 250 V (max-
imum 0.5 h) or until the bromophenol blue dye front is at
the bottom of the gel. Gels were then fixed with 40% metha-
nol and 10% acetic acid for 30 min before protein staining
with Coomassie Staining G-250 (Bio-Rad Laboraroties, NSW,
Australia). Gels were then de-stained, an image obtained
using a fluorescence scanner (Typhoon FLA-3500, Freiburg,
Germany).

The gel was calibrated in the vertical sodium dodecyl
sulfate (SDS) direction, using a wide-range low molecular
weight protein marker. The pl of each protein spot was
also determined from the IPG strip linear range. To avoid
false positives, selected spots that were present or absent
in samples were examined had to be present in a min-
imum of three separate 2D gels out of five runs. A total
of six 2-DE gels obtaining from three individual replicates
of each phenotype group were examined. Up- and down-
regulated proteins referred to differentially regulated proteins
in NL samples compared to BL samples.

Protein identification

The excised spots from the 2D gels were digested with trypsin
(Trypsin gold-MS grade Promega, Mannheim, Germany),
followed by LC/MS/MS analysis by the guidelines of
Pokharel et al. (2016). Briefly, the gel was sectioned into
1 x 1 mm pieces, then de-stained by 50% acetonitrile
(ACN)/50 mM NH4HCO; in incubated condition for 10
min at ambient temperature. When the stain disappeared,
100% ACN was added to dehydrate the gel pieces. Rehy-
dration was carried out with 12.5 ng/ul of trypsin solution
and incubated at 37°C overnight. The supernatant was
collected and sonicated for 10 min in a water bath. The
solution was added with 30 pl of 50% CAN/2% formic acid,
and the volume was reduced to 15 pl by rotary evaporation
(IKA, Staufen, Germany). The peptide solution was cen-
trifuged (14,000 x g for 10 min) to eliminate any insoluble
material before LC/MS/MS analysis, as described by (Kumar
et al. 2017).

Bioinformatics

Peptides and proteins were identified using both MS and
PEAKS Studio software (Peak Studio 7.5, Bioinformatics
Solution Inc., Waterloo, ON, Canada). The MS and MS/MS
data generated by the QSTAR were searched restrictedly
within Viridiplantae (green plants) by the Mascot Daemon
(version 2.4) and the MSPnr100 databases containing
75,925,788 sequences; 27,045,014,025 residues). The results
were filtered by counting only protein hits with at least one
unique peptide (Bold Red) and excluding peptide hits with
ap > 0.05. A minimum Mascot score of 15 was considered
as a match of proteins. Peptides identified by Mascot were
further validated by determining similarity with known pro-
teins in the NCBI database, using protein BLAST based
on E-value generated and % similarity'*". The threshold
was set to a minimal significance of le-3 and an identity
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Table 1 Protein yield from different plant species extracted using BPP

Plant species Tissue Protein yield (ug/g FW) Note
Celastrus hindsii Leaf, fully expanded 2347 + 484 Medicinal plant
Arabidopsis thaliana Leaf, fully expanded 2250 + 321 Model plant
Prunus persica Leaf, young 2176 + 288 Woody plant
Pinus bungeana Needle, mature 1960 + 352 Recalcitrant plant
percentage of >75%. Further protein identification was per- =
formed, employing mass fingerprint data, pl, and molecular 5
weight with the Multildent tool in EXPASy (www.expasy. =0
org/tools/) (Wilkins and Williams 1997; De Filippis and 7
Magel 2012) to search for close matching protein across so Sy
species. The theoretical pl and molecular weight of the 4
BLAST hit were calculated using the ExPASy tool (http:/ > B
web.expasy.org/compute_pi/). e

Due to experimental variations caused by instrumental
uncertainty in operation, as often experienced, not all spots 0 %A

were detected on each gel of the same sample. Five gels
were made for each sample to average out this experi-
mental variation. Only spots presented in at least three gels
were chosen. All selected spots were successfully characterized
by LC-MS/MS and identified by the Mascot to search pro-
teins against the MSPnr100 databases. Due to the extremely
poor genome and the availability of protein sequence infor-
mation on C. hindsii and the family Celastraceae, the iden-
tification relied almost exclusively on homology to proteins
identified from other well-characterized plant species. There-
fore, a comprehensive strategy for database searching was
developed with three conditions. If a significant score was
obtained for one or more peptides, an error-tolerant search
was performed on the sequence of the identified protein to
look for additional homologous peptides containing a modi-
fication, e.g., an amino acid substitution.

The determination of the identified proteins’ biological
role and function was carried out by assigning them to
Gene Ontology (GO) using Blast2GO software, coupled
with the UniProt GO annotation program. The GO database,
BLAST annotations, and information published in the lit-
erature were also used to analyze and classify the identified
proteins based on their cellular localization, molecular func-
tions, and biological processes. Based on the searches, specific
up-regulated and down-regulated proteins were determined.

Results and Discussion
Protein extraction

Protein yields from BPP of leaf tissues of four species,

15

10

Fig. 1 Protein profile: 1-D gel with two replicates showed the
abundance of low molecular mass proteins but lack of high
molecular ones

including C. hindsii extracted from this experimental study
and another three plant species by Wang et al. (2013), are
listed in Table 1. The average protein yield in C. hindsii
was 2347 + 484 mg/g fresh weight, which is consistent with
the previous report by Wang et al. (2013), although it was
a slightly higher than the other plants. This higher yield is
probably due to the modification, including the addition of
SDS and protease inhibitors. Borax/PVPP/Phe extraction,
which integrated the advantages of phenol-based protocols
and TCA/Acetone methods, has shown to be the method
of choice as it was competent to deal with recalcitrant leaf
tissues (Li et al. 2015; Wang et al. 2013). Besides, the other
plant species, particularly woody and recalcitrant plants,
may contain more substantial amounts of polysaccharides,
polyphenols, which may obstruct protein isolation and
produce less yield (Alam et al. 2013).

Using the BPP method, proteins extracted from C. Aindlsii
leaves were distinct between medium and lower molecular
weight (M) regions of the gel (Fig. 1). However, bands at
a higher molecular weight than 40 kDa were unlikely obtained.
These results were consistent with previous findings indi-
cating that some large proteins were lost while many smaller
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Fig. 2 Protein distribution and profiling of C. hindsii expressed in NL (A) and BL (B) phenotypes. (up-pointing arrow: upregulated;
leveled arrow: present in both NL and BL; down-pointing arrow: downregulated)

proteins were enriched (Carpentier et al. 2005).
Proteomic profiling

To understand the possible molecular mechanism of dif-
ferent leaf phenotype forms and variation in secondary
metabolites levels in C. hindsii, the proteome profiles were
compared between NL and BL. The 2D gels of proteins
extracted from C. hindsii leave collected from NL and BL
are shown in Figure 2.

At the proteome level, the protein pattern indicated that
a significant difference was observed in NL and BL. The
much less protein abundance in NL reflected the condition
of preserved material, which was severely experiencing a
domesticated state, especially for thinner leaves of NL.
Consequently, protein degradation probably occurred more
severely in NL. The analysis of the proteome visualized
in 2-DE gels (pl 4-7) discovered a total of 8 spots, which
changed in volume variation (1.5-fold, p<0.05) in BL com-
pared to the NL. Two spots newly appeared in BL, and
the other two significant spots, which were expressed with
high density in the 2D gels of both NL and BL, were also
selected for identification. By using the database search
with the method above, 12 protein spots could have pos-
sible identifications (Table 2). By initial searching against
MSPnr100 databases, proteins were identified from spot
2,3,4, 9, 10, and 11. The identification of the remaining
spots failed in 6 cases because of insufficient MS data.
Sequentially, the efficacy of MS/MS fingerprinting coupled
with AA composition, pl, and Mr information for identi-
fication was conducted on all 12 spots as an alternative
strategy and as additional confirmation. As proteins of inter-
est in C. hindsii were likely not to be present in the database,

protein identification by peptide mass fingerprinting often
requires highly homologous proteins from other species whose
proteomes are available in the databases.

By using the database search with the method above, 12
protein spots could have possible identification (Table 2).
By initial search against MSPnr100 databases, proteins were
identified from spot 2,3,4, 9, 10, and 11. The identification
of the remaining spots failed in 6 cases because of the
poor MS data. Sequentially, the efficacy of MS/MS finger-
printing coupled with AA composition, pl, and Mr information
for identification was conducted on all 12 spots as an alter-
native strategy and as additional confirmation. Because
proteins of interest in C. Aindsii were likely not to be present
in the database, protein identification by peptide mass fin-
gerprinting often requires highly homologous proteins from
other species whose proteomes are available in the databases.
Furthermore, as demonstrated by Jacobs et al. (2005), even
high sequence homology could not be adequate to ensure
the identification because the conservation of homology is
often not guaranteed at the tryptic digest level.

Despite this, the MS/MS fingerprinting method used in
this study was successful in several cases. The use of mass
fingerprinting peptide data using the Multildent tool in
ExPASy at (www.expasy.org/tools/) were successful in iden-
tifying proteins ATP synthase CF1 alpha subunit and Chloro-
phyll a-b binding protein of LHCII type 1 (corresponding
to protein single spot 3 and 4, respectively), germin-like
protein, ATP synthase subunit d, autophagy-related protein
(in large spot 9, 10, 11, respectively). However, this method
failed to generate close matchings of other proteins, as
indicated by the parameters of score and rank. According
to Wilkins & Williams (1997), the confident protein identi-
fication should be obtained from the first rank matchings
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Table 2 Proteins classified as high and low score based on Mascot and BLAST search scores. Proteins with the highest scores were
categorized as high score; the second highest scores with significant e-value and identity were categorized as low score. ** rating:

High scored pharmaceutical proteins

Spot Mascot Protein name Regulation BLAST E-value Identity*
no. score Score
High score
1 40 Inorganic phosphate transporter UR 452 le-05 93%
2 99 Acidic endochitinase UR 560 0.0 100%
3 823 ATP synthase CF1 alpha subunit UR 827 0.0 100%
4 86 Chlorophyll a-b binding protein PB 839 0.0 100%
5 29 F-box/FBD/LRR-repeat protein UR 53.2 3e-07 100%
6 24 Ycfl (chloroplast) UR 91.8 5e-20 100%
7 20 Myosin-2-like isoform X1 UR 60 2e-09 100%
8 26 F-box protein At1g70590 UR 53.7 3e-07 100%
9 96 Kunitz trypsin protease inhibitor ** UR 389 Te-137 100%
55 Cullin-4 UR 1509 0.0 100%
10 66 Pentatricopeptide repeat-containing UR 985 0.0 100%
49 Disease resistance protein RPS4-like UR 1488 0.0 100%
1 108 Germin-like protein 11 PB 360 9e-125 100%
54 ATP synthase subunit d PB 985 0.0 100%
12 33 Protein trichome birefringence-like PB 1483 0.0 100%
Low score
1 31 F-box/kelch-repeat protein UR 40.9 9e-08 100%
35 IQ-DOMAIN 1-like UR 40.5 3e-04 100%
5 15 Beta-1,3-galatosyltransferase 14 uUp 54.5 2e-07 100%
6 20 Retrovirus-related Rol polyproteins from UR 579 1608 100%
transposon 297 family
24 Endoribonuclease Dicer homolog ** UR 494 5e-06 100%
8 22 Staphylococcal Nuclease UR 50.3 4e-06 100%
domain-containing protein 1 **
9 64 S locus-linked F box protein UR 723 0.0 100%
53 Leucoanthocyanidin reductase 1 UR 662 0.0 100%
10 60 Germin-like protein 11 UR 360 9e-125 100%
33 Elongation factor G family protein UR 1302 0.0 100%
1 54 Auxin-binding protein ABP19a PB 341 le-118 100%
51 Autophagy-related protein 8D-like PB 412 2e-145 100%

* The cut-off for query cover is 82% and identity is 75%, however, most of proteins have 100% of these two values. UR: Upregulated; PB:

Present in both.

whose scores are less than 30, and their ranks are far dif-
ferent from the sequential matchings.

The identified peptides by Mascot were additionally con-
firmed by determining similarity with known-proteins in
the NCBI database using protein BLAST-P based on E-value
generated and % similarity. All the sequences showed ho-
mology with protein/proteins from the databases. Thirty-four
proteins were identified from 12 spots. The number of pro-
teins identified was higher than the number of spots, due
to 8 out of 12 spots (except spot number 2, 3, 4, and 12)
align with more than one single protein. Besides, protein
spot 9 and 10 were split from a combined spot but were
excised from different gels due to their highly strong density.
This experimental alteration generated almost a similar pro-
file for proteins with a slight difference in these two spots

in which leucoanthocyanidin reductase one was only found
in protein nine and elongation factor G family protein was
only identified in protein 10.

Proteins involved in the amino acid turnover

In C hindsii, S locus-linked F-box protein, F-box/FBD/
LRR-repeat protein, and Cullin-4 were found up-regulated
in BL. These three proteins are all important components
of cullin-ring ubiquitin ligase systems. Recent studies have
revealed that Cullin-4 can target histones for ubiquitination.
The histone ubiquitination may facilitate the cellular response
to DNA damage (Dai and Wang 2006). Guo et al. (2013)
reported that Cullin-4 played a key role in DNA repair and
damages due to genotoxic stress. Roodbarkelari et al. (2010)
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confirmed that Cullin-4 acted as a major regulator of endo-
replication in Arabidopsis trichomes. While endoreplication
has been found to play a developmental role in controlling
cell size, regulating cell morphology, and increasing DNA
content is typically associated with larger cells (Harashima
and Schnittger 2010). As a result, an increased level of cullin4
probably explains its role in the formation of the broader
and thicker leaf blade in some variants of C. hindisii.

Kelch containing F-box (KFB) proteins were expressed
up-regulated in BL (protein 1), possibly indicating their roles
in differentiating NL and BL. In Arabidopsis, overexpression
of CFKI1 (a plant-specific Kelch repeat-containing F-box
protein) produced phenotypes with elongated hypocotyls,
DNA content, and increased ploidy (Franciosini et al. 2013;
Miyazaki et al. 2011). Chen et al. (2013) reported that KFB
from rice plays a role in the regulation of leaf senescence,
grain number, and seed size. The disturbance of cytokinin
translocation, distribution, or signal perception in plants
severely degrades their vascular formation and lignification
(Li et al. 2011; Zhang et al. 2014). It is demonstrated that
KFBs regulate the growth and development of several plant
organs via their activity in selective protein degradation,
and possibly to be a mediator in leaf blade expansion of’
C. hindsii.

Proteins interfering nucleic acid metabolism

Staphylococcal nuclease (TSN) domain-containing protein
(up-regulated in spot 8)

In plants, the molecular function of TSN remains poorly
characterized, mostly as described in Arabidopsis (Vander-
schuren et al. 2013). TSN is conserved in all studied
organisms, comprising a tandem repeat of four staphylococcal
nuclease (SN) domains followed by a tudor and C-terminal
partial SN domain suggested to act as interaction platforms
for nucleic acids and proteins, respectively (Li et al. 2018).
These two domains can interact physically with various
proteins; however, they are differentiated by nucleolytic
activity and RNA binding of SN. TSN upregulation in BL
of C. hindsii may indicate its role in promoting stress
tolerance or protect the tissues from cell death. TSN has
housekeeping roles by stimulating transcription, mRNA
splicing and silencing. It has become evident that its in-
creased expression is closely associated with various types
of cancers, indicating TSN is an attractive target for anti-
cancer therapy and a potent tumour marker. Other evidence
also suggested that TSN can be used as novel diagnostic
and prognostic of cancer (Xing et al. 2018).

Endoribonuclease Dicer homolog 3a (up-regulated in spot 8)

Dicer, one of the core proteins within the RNAi was found
upregulated in BL. It is highly conserved from archaea to
eukaryote and expands largely in plants and animals with
multiple members of the family (Jia et al. 2017). Dicer is
an important endonuclease in the biogenesis of miRNAs.
The up-regulation of Dicer in C. hindsii leaf extract was
probably associated with the biosynthetic activity of SRNAs.
Other studies also revealed that miRNAs involving in dif-
ferent metabolic processes mainly played a role in the
regulation of essential oil pathways in Mentha spp,
biosynthesis of gingerol in Zingiber officinale (Singh et al.
2016), and also regulated terpenoid backbone, isoquinoline
alkaloids, and flavonoids biosynthesis in Curcuma longa
(Singh and Sharma 2017). The study by Witwer & Hirschi
(2014) has generated considerable excitement because it
raises the possibility of bioengineering medicinal plants to
produce therapeutic miRNA that could then be delivered
to affected tissues by ingestion. The widespread cultivation
and consumption of C. hindsii have the potential for miRNA
transfer mechanisms to be evaluated and account for bene-
ficial properties of products from this species.

Retrovirus-related Pol polyprotein from transposon 297
family (up-regulated in spot 6)

The results of the present study revealed that retrovirus-related
pol polyprotein from transposon 297 family (encode retro-
transposon) were differentially expressed in BL of C. hindsii.
In other genomic and proteomic studies on plants, trans-
posable elements were differentially expressed in response
to a diverse array of activating stimuli (Galindo-Gonzalez
et al. 2017). Matsunaga et al. (2015) reported that retro-
transposons and transposons are activated during heat stress
and regulated by small interfering RNAs (siRNA). Retrotrans-
posons were up-regulated in Quercus suber by wounding
(Rocheta et al. 2012), elevated by fungal elicitors, wounding,
viral inoculation in Nicotiana tabacum (Anca et al. 2014),
up-regulated in response to heat stress, aphid infection,
and salicylic acid (Voronova et al. 2014). The presence
and upregulation of retrovirus-related pol polyprotein
might suggest its importance in the defense system of C.
hindsii in response to biotic and abiotic stresses.

Pentatricopeptide repeats (PPR)-containing protein

Pentatricopeptide repeats (PPR) were found to be present
in three spots and strongly up-regulated in BL of C. Aindisi.
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It might indicate their vital role in the healthier growth of
BL phenotype and probably related to the accumulation of
pigments as dark purple leaf color was only found in BL.
PPRs are of the most popular repeat domain proteins, which
are reported to play several functional roles in growth,
development, and stress response in plants (Mandal et al.
2018). PPRs play a key role in RNA metabolism, including
RNA processing, splicing, stability, editing, and translation.
Therefore, it is not surprising that their absence often causes
lethality (Manna 2015). PPR proteins were found to be as-
sociated with leaf functioning and development, and tolerance
to stress conditions (Barkan and Small 2014; Zhang et al.
2017). Furthermore, PPR40 can lessen the generation of
reactive oxygen species (ROS) by protecting plants via
reducing oxidative damage during stress (Zsigmond et al.
2008). The purple leaf color in the medicinal plant is often
associates with the accumulation of anthocyanins in plants,
which also show to have antibacterial activity against some
pathogens (Skaar et al. 2014). Therefore, the up-regulated
level of PPRs in BL might facilitate this phenotype in
growth and pigment accumulation, probably anthocyanins.

Secondary metabolite biosynthesis
Leucoanthocyanidin reductase 1 (up-regulated in spot 9)

Proanthocyanidins (PAs, also known as condensed tannins)
are ubiquitous in the species in Caprifoliaceae, Celastraceae,
and Theaceae (Jiang et al. 2017). In PAs biosynthetic path-
way, leucoanthocyanidin reductase (LAR) has been shown
to convert leucocyanidin to (+)-catechin and was observed
up-regulated in BL. It is commonly agreed in recent studies
that LAR is a positive regulator of PAs biosynthesis. Wen
et al. (2015) examined the effect of postharvest UV irra-
diation on flavanol polyphenol accumulation in the grape
berry. It indicated that the flavanol polyphenol reached its
highest value when exposed to UV-C irradiation and induced
the transcription of the LAR gene and its gene products.
BL which was collected for the current proteomic experiments
mostly came from organized cultivations (plant nurseries,
commercial gardens), which were believed to provide a
better nutrients condition and UV exposure. In contrast,
NL material was only collected from home gardens where
they were cultivated basically for specimen conservation
under shadow and nutrients deficiency. These limited envir-
onmental and fertilizing provisions probably restricted the
growth of the plant, particularly leaf expansion, and the
formation of specialized metabolites such as flavonoids.

Proteins with antitumor / anti-inflammatory activity and
therapeutic applications

Kunitz-trypsin type proteinase inhibitor (KTI) has played a
defensive role against biotic stress by limiting cell damage
in diverse plant tissues, including seeds, tubers, leaves,
rthizomes, and fruits (Macedo et al. 2016). Plant-derived
protease inhibitors have not widely been used commercially,
but their pharmaceutical applications appear to have increased
as control of plant disease by green plant bioproducts ap-
proach is currently one of the most dynamic areas of
research in agricultural biotechnology. In addition, recent
studies have revealed more pharmaceutical properties of
plant-derived protease inhibitors, including KTI, which were
identified in leaf extract of C. hindsii (Price et al. 2016;
Roy et al. 2018). Kunitz protease inhibitors including Kunitz-
type serine protease inhibitor also show potential against
invasive tumour growth and metastasis of human prostate
cancer (Wu et al. 2017), and thyroid cancer (Liu et al
2018). Since KTIs are stable over a range of temperatures
and abundant in C. hindsii, it can be suggested that KTIs
may play a role in anti-tumour and anti-inflammatory pro-
perties.

Due to the extremely poor genome and the availability
of protein sequence information on C. hindsii and the
family Celastraceae, the identification of all proteins were
not satisfied. Nevertheless, the significant molecular variation
revealed by proteomic results between NL and BL may be
considered as important biomarkers for breeding selection
and biotechnological development to define targets for
medicinal plant cultivation. However, in further proteomics
research, more sample replication over more plant genotypes
is required to validate these conclusions.

Conclusion

To our knowledge, this work represents the first comparative
proteomic investigation C. hindsii between NL and BL
phenotypes. The changes in protein abundance revealed
significant variations between NL and BL proteomes. Some
proteins were discussed to highlight the metabolic changes
between NL and BL proteomes, particularly associated
with amino acid turnover, nuclease metabolism, flavonoids
biosynthesis, and medicinal properties. This study may help
the researchers to uncover the critical areas of molecular
biology that many researchers were not able to carry out.
The results also give suggestions for agricultural managers
and farmers in cultivating medicinal plant crops, which
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can produce higher agronomic and pharmaceutical pro-
perties. It can be concluded that the BL phenotype, which
was characterized by healthier external morphological features
and possibly better medicinal properties, could be chosen
for crop development.
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