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ABSTRACT

Ramie (Boehmeria nivea L. Gaud) is widely cultivated as a raw material for producing natural textiles due to its
fine and strong fibers. Ramie leaves are by-products and rich in bioactive compounds that contribute to the
medicinal properties of its extracts. This study was conducted to identify the phenolic compounds and evaluate
the antioxidant capacity and a-glucosidase inhibitory activities of ramie leaves extracts, obtained from ten
cultivars widely growing in China. The phenolic compounds were identified using advanced analytical techni-
ques such as ultra-high performance liquid chromatography coupled to electrospray ionization and quadrupole
time-of-flight mass spectrometry (UPLC-ESI-QTOF-MS) and quantified by UPLC-DAD analysis. The antioxidant
activity and a-glucosidase inhibitory properties were evaluated using rapid in vitro assays. The content of total
phenolic compounds ranged from 0.52 to 2.41 mg/g DW, and the content of total flavonoids varied from 0.40 to
2.50 mg/g DW. UPLC-ESI-QTOF-MS analysis enabled to tentatively identify 15 compounds in ten cultivars,
mainly chlorogenic acid, rutin, p-coumaroylmalic acid, caffeoylmalic acid, feruloylquinic acid, hyperoside and
isoquercetin. The highest contents of chlorogenic acid, rutin and p-coumaroylmalic acid were found in cultivar
Luzhuqing (LZQ) with 439.49 ug/g DW, 339.97 ug/g DW and 345.93 ug/g DW, respectively. All cultivars per-
formed differently on the antioxidant capacity and a-glucosidase inhibitory ability. Principle component analysis
revealed that Qianjiangxianma (QJX) and Luzhuqing (LZQ) were the top two cultivars. This study indicates that
ramie leaves can be considered as potentially new source of antioxidants and antidiabetic agents, and it gives

insights into cultivar selection in the ramie planting and production.

1. Introduction

Ramie (Boehmeria nivea L. Gaud) is a perennial herbaceous plant of
Urticaceae family native to China, Japan and Malay Peninsula, where it
has been cultivated as a fiber crop for many centuries (Hester and Yuen,
1989). In China, ramie is the second largest fiber crop with a production
of 114,080 ton of fibers in 2010, participating up to 90% of the world
production (Liu et al., 2013). However, being cultivated especially for
its fibrous stem, ramie leaves are crop residues with great potential for
reutilization and product development. Furthermore, the leaves of this
plant has been used as sources of animal feeds (Kipriotis et al., 2015),
herbal medicines, tea and foods (Lee et al., 2015). It has been showed
that ramie leaves are rich in bioactive compounds with antioxidant
(Chen et al., 2014), antibacterial (Lee et al., 2014), anti-inflammatory
(Sung et al., 2013) and anti-obesity activities (Lee et al., 2016). The
bioactivity was mainly attributed to phenolic compounds, such as
phenolic acids and flavonoids, which exist ubiquitously in plants as
secondary metabolites (Akter et al., 2018). Hence, phenolic profile has

become a desirable and essential quality characteristic of ramie and a
predictor for selecting ramie cultivars. Yet, few studies have evaluated
chemical fractions of the leaf extracts for industrial applications among
different cultivars.

Type 2 diabetes epidemic is rising rapidly worldwide and originates
from the imbalance of hormones. Inhibition of a-glucosidase in mam-
mals, which could reduce the hydrolyzation of starch into glucose,
decrease glucose uptake and normalize postprandial blood glucose
concentration. Phenolic bioactives of herbs and medicinal plants with
higher antioxidant activity can be targeted for chronic disease man-
agement including type 2 diabetes (Saleem et al., 2017). However,
there is still no report on the a-glucosidase inhibitory activity of leaf
extracts of various ramie cultivars.

This study aimed to investigate the phenolic profile and the anti-
oxidant capacity as well as a-glucosidase inhibitory activity of leaf
extracts from ten ramie cultivars which are widely planted in China.
Thus phenolic compounds were identified by an ultra-performance li-
quid chromatography/quadrupole time-of-flight mass spectrometry

* Corresponding author at: College of Plant Science and Technology, Huazhong Agricultural University, Wuhan, 430070, China.
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World population growth has increased the demand for food and shelter, thus threatening environmental sus-
tainability and expanding the gap between resource availability and the ability to meet human needs. Humans
are fulfilling their needs by depleting natural resources. Currently, exploring plant species that can fulfill the life
requirements of both humans and animals without degrading natural resources has become a major challenge.
Therefore, research on underutilized crops is of high interest among plant scientists. Ramie, an ancient plant
with a long history, is being researched because of its vigorous growth, high nutritional value and multipurpose

applications in Textiles, livestock feed, environmental conservation and medicine. It can be cultivated in ver-
satile conditions including tropical, subtropical and temperate regions. The present review article provides a
detailed discussion on the multipurpose utilization and nutritional importance of ramie as well as potential
applications and constraints, and the outlook for the future.

1. Introduction

Globally, agriculture plays an important role in sustaining liveli-
hood and human well-being, especially in rural communities. The cul-
tivation of multipurpose crops such as ramie (Fig. 1) may be an optimal
option to meet the rising demands of human needs. Ramie is an old
Textile fiber crop that is harvested every 60 days by cutting the mature
shoots without destroying the roots; thus, the root system develops
continuously in the soil (Subandi, 2012). Ramie is cultivated as a major
economic crop in China: 500,000 tons of fiber is produced per year,
accounting for approximately 96% of global production (Kipriotis et al.,
2015). Ramie farming, industries and trade provide livelihood support
to approximately 5 million people (An et al., 2017). China exports a
large quantity of ramie yarn and fabrics every year (Fig. 2). The major
export markets for ramie products are Japan and Europe.

Besides being a source of bast fiber (Tewolde & Fernandez, 2003;
Sarkar, 2005), ramie is also used as source of feed for livestock
(Kipriotis et al., 2015; Rehman et al., 2019a,b) and poultry and fish
farming, owing to its vigorous growth, high biomass production and
high protein content. Machin (1977) has also reported ramie to be a

* Corresponding author.

potential forage for livestock, because it is an excellent source of crude
protein, lysine, methionine, carotenoids, riboflavin and calcium, and it
has a low level of crude fiber. The nutritional value of ramie has been
described as similar to that of alfalfa (Medicago sativa). Ramie can also
be utilized for environmental conservation because of its tolerance to
heavy metal stress: ramie can grow and colonize diverse heavy metal
contaminated lands (Yang et al. 2010; Zhou et al. 2010). In addition,
ramie has potential uses in tea, foods, medicine (Lee et al., 2015) and
the cosmetic industry. For example, its leaf extracts exhibit anti-HBV
activity (Wei et al., 2014).

Despite the multiple benefits of ramie and its products, its cultiva-
tion has received comparatively less attention than other annual or
perennial fiber crops. The reasons are manifold, but ramie based poorly
grown industries are a key hindrance to ramie cultivation. Growers face
large challenges to establish a crop, decorticate and degum its fiber and
finally find a potential market for their produce. A lack of planting
materials and cultivation of local landraces, poor crop management and
lack of awareness campaigns are some other limitations to ramie pro-
duction. However, if researchers and growers were to pay considerable
attention to this crop, a progressive change might occur in the

E-mail addresses: muzammal@webmail.hzau.edu.cn (M. Rehman), denggang1986@ynu.edu.cn (D. Gang), 15074899645@163.com (Q. Liu),
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ABSTRACT

Flax (Linum usitatissimum L.) is one of the oldest predominant industrial crops grown for seed, oil and fiber. The
present study was executed to evaluate the morpho-physiological traits, biochemical responses, gas exchange
parameters and phytoextraction potential of flax raised in differentially copper (Cu) spiked soil viz (0, 200, 400
and 600 mg Cu kg ! soil) under greenhouse pot experiment. The results revealed that flax plants were able to
grow up to 400 mg kg’1 Cu level without showing significant growth inhabitation while, further inference of Cu
(600 mg kg™!) in the soil prominently inhibited flax growth and biomass accumulation. Compared to the control,
contents of proline and malondialdehyde (MDA) were increased by 160.0% and 754.1% accordingly, at 600 mg
Cu kg™! soil level. The Cu-induced oxidative stress was minimized by the enhanced activities of superoxide
dismutase (SOD) by 189.2% and guaiacol peroxidase (POD) by 300.8% in the leaves of flax at 600 mg Cu kg~*
soil level, compared to the untreated control. The plant Cu concentration was determined at 35, 70, 105 and 140
days after sowing (DAS) and results depicted that 16.9 times higher Cu concentration was accumulated in flax
roots while little (14.9 times) was transported to the shoots at early stage of growth, i.e. 35 DAS. While at 140
DAS, Cu was highly (21.7 times) transported to the shoots while, only 12.3 times Cu was accumulated in the
roots at 600 mg Cu kg~! soil level, compared to control. Meanwhile, Cu uptake by flax was boosted up to 253 mg
kg’1 from the soil and thereby extracted 43%, 39% and 41% of Cu at 200, 400 and 600 mg Cu kg’1 soil level,
compared to initial Cu concentration. Therefore, study concluded that flax has a great potential to accumulate
high concentration of Cu in its shoots and can be utilized as phytoremediation material when grown in Cu
contaminated soils.
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HIGHLIGHTS

GRAPHICAL ABSTRACT

e External application of P is pre-
requisite for the better growth in
jute under stress condition.

e The variety HongTieGuXuan was
proved more tolerant as compared to
GuBaChangJia.

e Application of P assisted phytoex-
traction of Cu in both jute varieties.
o Phytotoxicity of Cu destroy ultra-

structure of chloroplast.

e Plant has strong antioxidant defence
system to tolerate Cu-stress.

ARTICLE INFO

ABSTRACT

Article history:

Received 14 December 2019
Received in revised form

20 January 2020

Accepted 24 January 2020
Available online 25 January 2020

Handling Editor: T Cutright

Keywords:
Fibrous crop

* Corresponding author.,
** Corresponding author.

E-mail addresses: shafaqataligill@gcuf.edu.pk,

(S. Ali), liulijun@mail.hzau.edu.cn (L. Liu).

https://doi.org/10.1016/j.chemosphere.2020.126032
0045-6535/© 2020 Elsevier Ltd. All rights reserved.

Soil in mining areas is typically highly contaminated with heavy metals and lack essential nutrients for
plants. Phosphorus reduces oxidative stress, improves plant growth, composition, and cellular structure,
as well as facilitates the phytoremediation potential of fibrous crop plant species. In this study, we
investigated two jute (Corchorus capsularis) varieties HongTieGuXuan and GuBaChang]Jia cultivated in
copper (Cu)-contaminated soil (2221 mg kg, under different applications of phosphorus (0, 30, 60, and
120 kg ha™1!) at both anatomical and physiological levels. At the same Cu concentration, the tolerance
index of HongTieGuXuan was higher than that of GuBaChangJia, indicating that HongTieGuXuan may be
more tolerant to Cu stress. Although the normal concentration of P (60 kg ha~!) in the soil improved
plant growth, biomass, chlorophyll content, fibre yield and quality, and gaseous exchange attributes.
However, high concentration of P (120 kg ha~!) was toxic to both jute varieties affected morphological
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ARTICLE INFO ABSTRACT

Jute (Corchorus capsularis L.) is the most commonly used natural fiber as reinforcement in green composites and,
due to its huge biomass, deep rooting system, and metal tolerance in stressed environments, it is an excellent
candidate for the phytoremediation of different heavy metals. Therefore, the present study was carried out to

Keywords:
Fibrous crop
Metal stress

Ph}‘/;oe-)(traction examine the growth, antioxidant capacity, gaseous exchange attributes, and phytoremediation potential of C.
gzlu;iszeestress capsularis grown at different concentrations of Cu (0, 100, 200, 300, and 400mgkg ") in a glass house en-

vironment. The results illustrate that C. capsularis can tolerate Cu concentrations of up to 300 mg kg~ ! without
significant decreases in growth or biomass, but further increases in Cu concentration (i.e., 400 mgkg ') lead to
significant reductions in plant growth and biomass. The photosynthetic pigments and gaseous exchange attributes
in the leaves of C. capsularis decreased as the Cu concentration in the soil increased. Furthermore, high con-
centrations of Cu in the soil caused lipid peroxidation by increasing the malondialdehyde content in the leaves.
This implies that elevated Cu levels cause oxidative damage in C. capsularis. Antioxidants, such as superoxidase
dismutase and peroxidase, come into play to scavenge the reactive oxygen species which are generated as a result
of oxidative stress. In the present study, the concentrations of Cu in different parts of the plant (the roots, leaves,
stem core, and fibers) were also investigated at four different stages of the life cycle of C. capsularis, i.e., 30, 60, 90,
and 120 days after sowing (DAS). The results of this investigation reveal that, in the earlier stages of the growth, Cu
was highly accumulated in the belowground parts of the plant while little was transported to the aboveground
parts. Contrastingly, at a fully mature stage of the growth (120 DAS), it was observed that the majority of Cu was
transported to the aboveground parts of the plant and very little accumulated in the belowground parts. The results
also show a progressive increase in Cu uptake in response to increasing Cu concentrations in the soil, suggesting
that C. capsularis is a potential bio-resource for the phytoremediation of Cu in Cu-contaminated soil.

1. Introduction

In recent decades, rapid increases in urbanization and in-
dustrialization have caused the excessive release of heavy metals in
farmlands with damaging effects on ecosystems (Bashir et al., 2018;
Nguyen et al., 2017; Rehman et al., 2019). Heavy metal accumulation
in soils is of great concern in agricultural production due to its adverse

effects on food safety and marketability, crop growth due to phyto-
toxicity, and the environmental health of soil organisms (Chen et al.,
2017; Muszynska and Hanus-Fajerska, 2015; Nagajyoti et al., 2010;
Rehman et al., 2019; Singh et al., 2010 Wang and Zhou, 2005). In
China, more than 16.1% of agricultural land is being contaminated with
various heavy metals and about 2.1% is contaminated by Cu (Chen
etal., 2015). Soil is being polluted by high concentrations of Cu because

Abbreviations: ROS, reactive oxygen species; SOD, superoxide dismutase; POD, peroxidase

* Corresponding author.
E-mail address: liulijun@mail.hzau.edu.cn (L. Liu).

https://doi.org/10.1016/j.ecoenv.2019.109915

Received 2 September 2019; Received in revised form 30 October 2019; Accepted 2 November 2019

Available online 10 November 2019
0147-6513/ © 2019 Elsevier Inc. All rights reserved.


http://www.sciencedirect.com/science/journal/01476513
https://www.elsevier.com/locate/ecoenv
https://doi.org/10.1016/j.ecoenv.2019.109915
https://doi.org/10.1016/j.ecoenv.2019.109915
mailto:liulijun@mail.hzau.edu.cn
https://doi.org/10.1016/j.ecoenv.2019.109915
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ecoenv.2019.109915&domain=pdf
liuli
高亮


Plant Physiology and Biochemistry 138 (2019) 121-129

Contents lists available at ScienceDirect

Plant Physiology and Biochemistry

journal homepage: www.elsevier.com/locate/plaphy

Research article

Influence of rice straw biochar on growth, antioxidant capacity and copper MR)

Check for

uptake in ramie (Boehmeria nivea L.) grown as forage in aged copper- s
contaminated soil

Muzammal Rehman®, Lijun Liu™", Saqib Bashir’, Muhammad Hamza Saleem®, Chen Chen’,
Dingxiang Peng”, Kadambot HM. Siddique™""

2 MOA Key Laboratory of Crop Ecophysiology and Farming System in the Middle Reaches of the Yangtze River, College of Plant Science and Technology, Huazhong
Agricultural University, Wuhan, 430070, PR China

® Department of Soil and Environmental Science, Ghazi University, Dera Ghagi Khan, Pakistan

€ The UWA Institute of Agriculture, The University of Western Australia, LB 5005, Perth, WA, 6001, Australia

ARTICLE INFO ABSTRACT

Keywords: Copper (Cu) contamination in agricultural soil poses severe threats to living organisms, and possible ecofriendly
Ramie solutions need to be considered for Cu immobilization, such as using biochar. A pot study was conducted to
COPPer‘ o examine the effectiveness of biochar derived from rice straw (RSB) at various application rates (0, 2.5, 5 and
Immobilization 10% w/w) to mitigate possible risks of Cu solubility and its uptake by ramie (Boehmeria nivea L.) as forage. The
Biochar . . . . .. .

. plant growth parameters as well as soil chemical properties (pH, electrical conductivity and cation exchange
Photosynthesis

capacity) notably improved with the increasing RSB application. Moreover, prominent reduction was observed
in soil bioavailable Cu concentration by 96% with RSB application of 10% relative to control. In addition, Cu
content in B. nivea roots, leaves and stems decreased by 60, 28 and 22%, respectively, for 10% RSB application. It
was noted that chlorophyll content and gas exchange parameters in leaves were significantly higher at 10% RSB
application than in control. Furthermore, 10% RSB resulted in a greater reduction in oxidative stress from the Cu
in soil. Thus, soil amendment with RSB demonstrated positive results for Cu stabilization in aged Cu-con-
taminated soil, thereby reducing its accumulation and translocation in B. nivea and mitigating livestock feed
security risks.

Antioxidant capacity

thought to be 20-30 mgkg ™! of dry mass (Marschner, 1995).

Ramie (Boehmeria nivea) is a fast growing perennial plant used in
China as a source of bast fiber as well as nutritious green feed palatable
to all classes of farm animals. Due to its high biomass production, high
crude protein content and strong adaptability to different environ-
ments, cultivation of B. nivea could be an economically beneficial so-
lution to fulfill the demand for fiber and feed in metal-contaminated

1. Introduction

During recent decades, rapid increase in urbanization and in-
dustrialization has caused excessive release of heavy metals in farm-
lands with damaging effects on ecosystems (Lu et al., 2014). Release of
heavy metals in farmlands from anthropogenic activities (e.g., waste-
water irrigation, inadequate battery recycling practices and in-

appropriate use of pesticides and fertilizers) is a cause of global en-
vironmental pollution (Bashir et al., 2018b). Particularly, copper (Cu) is
of important as a heavy metal pollutant but is also required as a mi-
cronutrient for crop production (Jiang et al., 2012a). However, high Cu
concentrations in soils result in severe disorders in plant physiological
and respiratory processes, which hinder plant growth (Chaffai et al.,
2007; Zvezdanovic et al., 2007). The Cu toxicity level in plants is

* Corresponding author.
** Corresponding author.

areas. It is quite tolerant to Cu and can be grown as pioneer plant in
mining areas to control heavy metal pollution (Min-fei et al., 2016). The
stabilization of Cu in contaminated farmland will limit its buildup and
translocation in aerial parts of B. nivea and so ensure animal food se-
curity but represents a big challenge. Several remediation techniques
have been considered for Cu immobilization in farmland but in situ
immobilization is the most important and economical approach
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Abstract

Ramie (Boehmeria nivea L.), the oldest fiber crop in China, can also be grown as fodder crop because of its huge biomass
production. Moreover, it has the potential to colonize heavy metal-contaminated soils which showed the possibilities of
phytoremediation using B. nivea. Therefore, the present study was conducted to investigate the potential of B. nivea for
phytoextraction of copper (Cu)-contaminated soil. Moreover, the impact of different concentrations of Cu on growth and
antioxidant enzymatic activity by B. nivea were also studied. For this purpose, a pot experiment was conducted to examine
the growth, antioxidative response, and localization (distribution) of Cu in B. nivea plant under different Cu concentrations (0, 50,
100, 200, 300, and 400 mg kg ' soil). Results revealed that B. nivea tolerated up to 100 mg kg ' Cu concentration without a
significant decrease in biomass, but further increase in Cu concentration from 200 to 400 mg kg ' exhibited a significant
reduction in chlorophyll content, fresh and dry biomass, plant height, and number of leaves. It was further observed that
B. nivea accumulated more Cu in roots (26 to 53 mg kg "), followed by the leaves (23 to 28 mg kg ') and stems (14 to
21 mg kgﬁl), while the values for both bioaccumulation factor (BAF) and translocation factor (TF) at all treatments were less
than 1. Moreover, activities of antioxidative enzymes (superoxide dismutase and peroxidase) were initially increased with the
exposure of 50, 100, and 200 mg kg ' Cu, but decreased by further increasing the Cu concentration to 300 and 400 mg kg
indicating the oxidative stress which is manifested by high malondialdehyde (MDA) and proline contents also. Thus, based on
results, it can be concluded that B. nivea accumulated relatively low Cu contents in aboveground parts and could be grown as
fodder crop for phytoremediation of Cu-contaminated sites.

Keywords Ramie (Boehmeria nivea) - Fodder crop - Cu stress - Cu uptake and accumulation - Antioxidant enzymes -
Proline content

Introduction
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The contamination of soil with heavy metals is a severe

>4 Lijun Liu worldwide issue due to negative impacts of heavy metals
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and NPK fertilizer combinations on
ramie yield and bast fibre quality
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' Understanding the effects of different combinations of nitrogen (N), phosphorus (P) and potassium (K)
. fertilizers and the effects of GA; (gibberellic acid) foliar spray on the fiber quality and yield of ramie are
. important for maximizing the economic value of these plants. Three pot experiments were conducted
. using low NPK (140:70:140 kg/ha), normal NPK (280:140:280 kg/ha), and low NPK + GA; (10 mg/L)
. treatments. In each experiment, following fertilizers were applied: no fertilizer (control), N, P, K, NP,
NK, PK, and NPK. Ramie was harvested three times from each plant; ramie grown without fertilizers
. had significantly lower biomass and yield than plants grown with fertilizers. At both normal and low
. fertilization rates, application of NPK resulted in greater growth and yield than application of N, P,
© K, NP, NK, or PK. Unfertilized plants produced the thinnest fibres (22-24 um), with lowest elongation
rate (3.0-3.1%) and breaking strength (22.7-23.3 cN). Fibre yield and fibre quality were improved
by application of GA; + fertilizers. Maximum fibre yield was obtained at low NPK + GA; treatment,
: resulting in 65-81% more yield than low NPK alone. GA; with low NPK treatment significantly improved
. fibre diameter, fibre elongation, and breaking strength compared to both NPK alone and control
. treatment.

 Animportant aspect of agriculture is the cultivation of plants for food, fiber, biofuel, medicine and other products

. used to sustain and enhance human life. Agriculture was the key development in the rise of sedentary human civ-
ilization, whereby farming of domesticated species created food surpluses that nurtured the development of civili-
zation'™. In response to the current ecological and environmental problems, the textile industry has increased its

- demand for eco-friendly natural fibres. Additionally, the use of fully biodegradable “green” composites made from

: vegetable fibres and non-woody plant fibres for paper production may help to mitigate global warming®. Bast

© (phloem) fibres are a considerable source of commercial fibres and are obtained from crops such as Linum usita-
tissimum (flax), Cannabis saliva (hemp), Corchorus capsularis (jute), Hibiscus cannabinus (kenaf), and Boehmeria
nivea (ramie). Ramie or China grass (Boehmeria nivea (L.) Gaud.) is a perennial herbaceous plant, mainly grown
in China and other Asian countries. The fibres obtained from ramie plants are the longest known plant fibres
in nature and attain a length of more than 550 mm®’. Ramie fibre has high strength, good durability, moisture
absorbance capacity, and high lustre. These characteristics have made ramie fibre suitable for use in the manu-
facture of a wide variety of textiles and cordage products. Ramie can be blended with other natural and synthetic
fibres, including cotton, silk, wool, polyester, and flax®°. However, despite the remarkable qualities of this fibre,

: ramie has received comparatively little attention as an important world crop. However, commercial cultivation of

* this crop has recently increased in countries such as China, Brazil, and the Philippines.

: Yield and fibre quality are the most important factors to consider in ramie production. As the bast fibre from
ramie is extracted from the outer part of the stem, the fibre yield is dependent on the biomass, length, diameter,
and thickness of the stem. Fibre from ramie is normally harvested between three and six times each year with an

- average annual yield of nearly 1200-1800kgha ! of fibre!!. Due to the plant’s robust growth and biomass produc-

© tion, the fibre yield of ramie is highly dependent on the availability of soil nutrients. According to Hiroce et al.,

© ramie plants cannot continue to grow without fertilizers after they reach 60 days of age'?. The application of

IMOA Key Laboratory of Crop Ecophysiology and Farming System in the Middle Reaches of the Yangtze River,
College of Plant Science and Technology, Huazhong Agricultural University, Wuhan, 430070, China. 2Department of
Botany, Government College University, Faisalabad, Pakistan. Correspondence and requests for materials should be
addressed to L.L. (email: liulijun@mail.hzau.edu.cn) or D.P. (email: pdxiang@mail.hzau.edu.cn)
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Abstract Ramie is an important natural fiber. There
has been little research on the molecular mechanisms of
ramie related to the absorption, utilization and metabolism
of nitrogen (N), phosphorus (P) and potassium (K). One
approach to reveal the mechanisms of N, P and K (NPK) uti-
lization and metabolism in ramie is comparative proteome
analysis. The differentially expressed proteins in the leaves
of ramie were analyzed by proteome analysis after 6 days
of N- and K-deficient treatments and 3 days of P-deficient
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treatment using MALDI-TOF/TOF mass spectrometry and
32, 27 and 51 differential proteins were obtained, respec-
tively. These proteins were involved in photosynthesis, pro-
tein destination and storage, energy metabolism, primary
metabolism, disease/defense, signal transduction, cell struc-
ture, transcription, secondary metabolism and protein syn-
thesis. Ramie responded to NPK stress by enhancing sec-
ondary metabolism and reducing photosynthesis and energy
metabolism to increase endurance. Specifically, ramie
adapted to NPK deficiency by increasing signal transduction
pathways, enhancing the connection between glycolysis and
photosynthesis, promoting the intracellular flow of carbon
and N; promoting the synthesis cysteine and related hor-
mones and upregulating actin protein to promote growth of
the root system. The experimental results provide important
information for further study on the high-efficiency NPK
utilization mechanism of ramie.

Keywords Comparative proteome analysis - NPK stress
Ramie - Stress resistance

Abbreviations

2-DE Two-dimensional gel electrophoresis

CHAPS  3-[(3-cholamidopropyl) dimethylammonio] pro-
panesulfonic acid

DTT Dithiothreitol

HSP Heat shock protein

IAA lodoacetamide

IEF Isoelectric focusing

IPG Immobilized pH gradient

MALDI Matrix-assisted laser dissociation ionization

MS Mass spectrometry

PMSF  Phenylmethanesulfonyl fluoride

pl Isoelectric point

ROS Reactive oxygen species
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Sample preparation is key to the success of proteomics studies. In the present study, two sample preparation methods were
tested for their suitability on the mature, recalcitrant leaves of six representative perennial plants (grape, plum, pear, peach,
orange, and ramie). An improved sample preparation method was obtained: Tris and Triton X-100 were added together
instead of CHAPS to the lysis buffer, and a 20% TCA-water solution and 100% precooled acetone were added after the
protein extraction for the further purification of protein. This method effectively eliminates nonprotein impurities and
obtains a clear two-dimensional gel electrophoresis array. The method facilitates the separation of high-molecular-weight
proteins and increases the resolution of low-abundance proteins. This method provides a widely applicable and
economically feasible technology for the proteomic study of the mature, recalcitrant leaves of perennial plants.
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Introduction

The study of proteomes is based on the qualitative and
quantitative identification of proteins, their intracellular localiza-
tions and their interactions through separation and identification.
The objects of study are usually total protein lysates or a sub-
fraction thereof from cells, tissues or organs [1]. Cells maintain
homeostasis through different protein functions. Alterations in
environmental conditions (pathology, drought stress, salt stress,
etc) result in differential accumulation of proteins. Therefore, the
identification of these alterations in protein accumulation or
expression can provide important information for the study of
related physiological processes [2].

Two-dimensional gel electrophoresis (2-DE) is commonly used
for the separation of thousands of proteins from plant tissues [3].
The success of proteomics studies on different organs and plants
depends on the protein sample preparation of the materials [4].
This is especially important for differential proteomics, which
focuses on the slight differences in protein abundance between
treatment and control groups, the selection of an appropriate
method is key for obtaining reliable experimental results [5]. The
wide range of biochemical properties of proteins (such as
isoclectric  point, expression abundance, solubility etc) can
compromise the extraction of the full proteome depending on
the specific extraction method. Thus, there are few sample
preparation methods that can be used simultaneously in different
species and organs [2]. Plant cells contain large quantities of
nonprotein substances such as polysaccharides, lipids, and organic
acids [6]. While the plant cell wall is comprised of large amounts of

PLOS ONE | www.plosone.org

cellulose and pectin and can have a rigid secondary cell wall due to
lignification of mature cells. These substances have a significant
influence on the quality of protein extracts and consequently on
the results of two-dimensional gel electrophoresis [7,8,9].
Optimal protein sample preparation is required to efficiently
remove nonprotein substances from the sample tissues, and
methods must be adapted to different plant organs and species
[4]. However, the sample preparation methods currently in
common use are often not applicable to a range of plants and
tissue. Sample preparation for proteomics is often applied to young
and tender plant tissues [10]; the preparation of mature organs is
relatively rare. Reports on the application of two-dimensional gel
electrophoresis to mature tissues do exist, but the research is
mainly focused on annual plants, including the mature seeds of
Lupinus albus [11], A. thaliana [12], Arachis hypogaea [13], and
Triticum aestivum [14,15]; the mature leaves of Lathyrus sativus
[16] and Oryza sativa [17]; and the mature pollen of A. thaliana
(18], Oryza sativa [10], and Zea mays [19]. Mature leaves are
generally less sensitive to drought stress compared to juvenile
leaves [20]. Furthermore, mature leaves are more developed and
have the ability to better respond to plant diseases, insect pests,
nutritional stress and etc. [21]. However, little research has thus
far been conducted on the application of proteomics to the mature
organs (especially leaves) of perennial plants. A simple, econom-
ical, and reliable method for protein sample preparation from
various plants has not yet been established. The work presents a
sample preparation method for two-dimensional gel electropho-
resis of mature, recalcitrant leaves of perennial plants using the

July 2014 | Volume 9 | Issue 7 | e102175
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Table 1 Chemical compositions of raw materials (wt% )
SiO, Al, Oy Fe, O, CaO MgO K, O Na, O SO, LOI
20.45 3.73 3.33 63.12 2.67 0.63 0.08 3.00 2.81
93.67 0.33 0.32 0.21 0.35 0.34 0.13 0.73 3.86
55.64 21.65 8.49 4.78 1.31 1.26 0.36 0.38 6.11
; 2.54; (SF), 0.18~0.22 mm,
, 40%, 11~13 mm, >2 800 MPa;
0.8%¢( ) (PPF),
(RE), 14 ~16 mm; 11 mm, >490 MPa,
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Effects of Potassium Permanganate on Root Traits of

Ramie Shoots under Hydroponic Culture
MA Qimei' > DENG Gang®™ GUO Xilong' PENG Dingxiang' LIU Lijun'""
(1. College of Plant Science and Technology Huazhong Agricultural University
Wuhan Hubei 430070 China;
2. College of Agricultural Science Yunnan University Kunming Yunnan 650500 China)

Abstract: In order to find the best disinfection method for the cuttings of ramie a water — cultured
cutting experiment was carried out by soaking the cuttings with 1%o potassium permanganate ( KMnO,)
(D,: immersion depth 0.5 ¢cm 5 h; D,: immersion depth 3 cm 5 h) with traditional method ( CK:
0. 1%0 KMnO, immersion depth 5 cm 72 h) as the control and root traits were studied by integrating
adventitious root formation period rooting rate rooting amount root length and other indicators. The re—
sults showed that potassium permanganate treatments had significant effects on ramie cuttage rooting. Ad-
ventitious roots were formed 1 d earlier and rooting rate rooting amount and root length were significantly
higher under D, treatment than those treated with D,. Compared with D, treatment CK had better rooting
effect but the difference was not significant and it was prone to accompanied by higher adventitious roots
position base rot and other problems. The root dry weight of ramie cuttings was significantly different in
each treatment ( D, > CK > D,) but the stem and leaf dry weight were not significantly affected. The

plant had the longest root length and most root tips at ¢ O ~0.5 mm level and largest root volume and root

12019 -04 - 16
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(1986 -) o E —mail: denggangl986@ ynu. edu. cn

* : (1980 -) o E —mail: liulijun@ mail. hzau. edu. cn


liuli
高亮


7. Hftnpi R









AR = AL BEARM R
BRAARAE (2017—2020 4)

+75. B

(—) ARAEXR

REFNF (rp B Rl BREHFT FLRT)

(=) HaERFR

1, BEHBEBHAZE
TR RIRIEE S5V SEEN (REREZERERREF ST
BRMBEARSHE: BT (FERWEZB KA AT
SRR R MiEH (R ERLR B AR TR
WM R: BRE (BRITERLFEZER
ARRMAKNE: ZEFN (FERLBZFRRREH T
BERMMEE: 7 GEERERKF)
T RFRAFSR: B (ZEARIRERD
SIFRRF R s (b ERG R A b AT E YT 72D

2. BESLHIEMAE
ASSHEEE. HEK (PERERTERGERVAEST TR
KA EFIKERE: XLE (EhRILKRFE)
FoEE: £ET HmRNLKREFE)
RRAE SR BETE (P EREFEBERRE AT
TWHAERESHE: TEE (PERILEZBRRET A
ERIRAET G385 BFES (RS
T RRREE SHEE: X KE (ZBKRF)
SIRRAEE SR HRE (FERERUR ZRARESEDRIFTH R

3. MHEEHEMAZE
SRS kB GHRYEDERIP AR
WRERE: BREST GEREE R
FESZADE: MEM GHBEERILEDE AR FF L)

4, PR RZE
FiE SRt ZEEE CRIEE R ARG 7T
W IR : ETLE (FERL R RREB 5 RT)

5. MNIFARZE



Administrator
高亮


	狮山硕彦计划B2支撑材料封面
	重要--2020刘立军申报教学特岗B2支撑材料
	刘立军
	山坡地抗旱专利

	刘立军
	1.INDCRO-Antioxidant capacity and α-glucosidase inhibitory activity of leaf extracts from ten ramie cultivars
	10.Gang-2014-A-proteomics-sample-preparation-met
	11.2019-功能材料-苎麻纤维水泥基材料的力学性能与自收缩试验研究

	麻类产业体系十三五岗位聘任文件
	001
	002
	003

	刘立军
	2015刘立军教学质量二等奖
	2018教学三等奖

	农学概论
	IMG_20200820_103739
	IMG_20200820_103754


	空白页面
	空白页面
	空白页面
	空白页面
	空白页面
	空白页面
	空白页面
	空白页面
	空白页面
	空白页面
	空白页面
	空白页面
	空白页面
	空白页面
	空白页面
	空白页面
	空白页面



