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Immunoreactivity of c-kit Receptor Protein during the Prehibernation Period in the
Oviduct of the Chinese Brown Frog, Rana chensinensis

Yong SHENY, Yuning LIUY, Jiajia MAD, Xiaoting MA", Yang TIANY, Haolin ZHANG", Lin LIV, Meiyu XUV,
Qiang WENG'?* Gen WATANABE?? and Kazuyoshi TAYA?®
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(Received 24 January 2011/Accepted 8 September 2011/Published online in J-STAGE 22 September 2011)

ABSTRACT. The objective of this study was to investigate immunoreactivity of the c-kit receptor in the oviduct of Rana chensinensis during
the prehibernation period. Histological examination of oviducts was performed during the prehibernation period. The sections of oviduct
were immunostained by the avidin-biotin-peroxidase complex method using rabbit polyclonal antisera raised against the rat c-kit receptor
and PCNA. Total proteins were extracted from oviducal tissues and used for Western blotting analysis. Immunohistochemistry revealed
the presence of the c-kit receptor and PCNA in the oviduct tissues during the prehibernation period. Also, positive signals for the c-kit
receptor and PCNA by Western blotting were observed in oviduct tissues during the prehibernation period. These results suggested that
the c-kit receptor might play a regulatory role in oviducal hypertrophy in the brown frog, Rana chensinensis.

KEY WORDS: c-kit receptor, oviduct, Rana chensinensis.

doi: 10.1292/jvms.11-0033; J. Vet. Med. Sci. 74(2): 209-213, 2012

The c-kit proto-oncogene encodes a transmembrane
receptor and is associated with maturation of several cell
types, including germ cells. The gene is widely expressed as
a single 5-kb transcript localized to human chromosome 4
and to mouse chromosome 5 [5, 12, 19, 39]. The c-kit recep-
tor whose ligand is a stem cell factor (SCF) belongs to the
family of receptors for platelet-derived growth factor and
colony-stimulating factor. It plays an important role in the
signal transduction pathway that regulates cellular growth
on repair [37]. The c-kit receptor is the gene product of the
murine white spotting (W) locus [1, 26] mutation, which
leads to defects in hematopoiesis, melanogenesis and game-
togenesis [12]. The expression of c-kit receptor has been
detected in various normal, fetal and adult tissues, including
the gonads, brain, adrenal gland, skin, breast and bone mar-
row, and in several human malignancies like seminomas,
including lung and brain cancers and glioblastomas [14, 16,
32]. The c-kit proto-oncogene encodes the receptor tyrosine
kinase kit, which has also been shown to be important for
normal mast cell survival, proliferation, differentiation and
migration [6, 7, 27, 35, 40]. Evidence has accumulated that
the c-kit receptor plays a critical role in the development of
the mammalian ovary, oogenesis, folliculogenesis, blasto-
cyst implantation and uterine growth and repair [8, 13, 22,
33]. Recently, the c-kit receptor has received increasing
attention for its role in the reproductive function of lower
vertebrates [18, 29, 41].

* CORRESPONDENCE TO: WENG, Q., Laboratory of Animal Physiol-
ogy, College of Biological Science and Technology, Beijing For-
estry University, Beijing 100083, People’s Republic of China.
e-mail: giangweng@bjfu.edu.cn

©2012 The Japanese Society of Veterinary Science

The Chinese brown frog (Rana chensinensis) is a special
amphibian in northeastern China, as it has been used widely
in traditional Oriental medicine [42]. The reproductive
period for R. chensinensis is dependent on latitude and alti-
tude and usually occurs from February to June following
hibernation. However, one specific physiological phenome-
non that occurs in R. chensinensis is that the oviduct abnor-
mally expands prior to hibernation and not during the
breeding period. Moreover, dessicated oviduct of the female
R. chensinensis, Oviductus Ranae, is a valuable Chinese
crude drug and is recorded in the Pharmacopoeia of the Peo-
ple’s Republic of China (2005 edition) [36]. In the applica-
tion of Oriental medicine, oviduct of Rana chensinensis is
used to replenish the kidney essence, to nourish the yin and
to moisten the lung [38]. The aim of present study was to
investigate immunoreactivity of the c¢-kit receptor in the ovi-
duct of R. chensinensis during the prehibernation period and
to elucidate the relationship between the c-kit receptor and
oviducal hypertrophy in R. chensinensis.

In October, 2010, ten adult female Chinese brown frogs
(Rana chensinensis) were obtained during the prehiberna-
tion period from Jilin Baekdu Mountain Chinese Brown
Frog Breeding Farm, Jilin Province (125°40°’E-127°56’E,
42°31°N—44°40°N), China (Fig. 1). All the animals were
treated in accordance with the National Animal Welfare
Legislation. All experimental procedures were carried out in
accordance with the guidelines established by the Beijing
Forestry University. Both the left and right oviducts were
collected from the frogs. One oviduct from the left side was
immediately fixed for 12 hr in 4% paraformaldehyde
(Sigma) in 0.05 M PBS, pH 7.4, for histological and immu-
nohistochemical observations; another oviduct from the
right side was immediately stored at -80°C for Western blot-
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cDNA cloning and expression analysis of the juvenile
hormone acid methyltransferase from seabuckthorn
carpenterworm, Holcocerus hippophaecolus

(Lepidoptera: Cossidae)
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In this study, we report the cDNA cloning and sequence determination of
Hh-JHAMT from the seabuckthorn carpenterworm, Holcocerus hippophaecolus,
by using rapid amplification of cDNA ends. The full-length cDNA of putative
Hh-JHAMT was 1659 bp and contained a highly conserved Motif I, SAM motif I,
which showed that Hh-JHAMT like enzyme was a member of SAM-dependent
MTases. Moreover, putative Hh-JHAMT had high homology to the other members
of the JHAMT peptide family: 59% with Spodoptera litura, 54% with Bombyx
mori and 54% with Helicoverpa armigera. Multiple alignments and phylogenetic
analysis revealed that Hh-JHAMT was closely related to JHAMT from
Lepidoptera. Real-time quantitative PCR experiments showed that Hh-JHAMT
MRNA expression was highest in the corpora allata (CA) complex, and was also
detected at high levels during earlier larval and adult stages. The JHAMT mRNA
level gradually declined during larval development, and the lowest amount of
expression was observed in the pupal stage, while it increased to a higher level
during adult stages. The pattern of Hh-JHAMT expression was similar to the mode
of JH biosynthesis. These results provided information concerning molecular char-
acteristics of Hh-JHAMT, whose expression profile suggests that the Hh-JHAMT
gene might be changed with larval development, metamorphosis and adult repro-
duction of the H. hippophaecol us.

Received 28 August 2015;
accepted 17 October 2015.

doi: 10.1111/1748-5967.12144

Keywords: corpora allata, Holcocerus hippophaecolus, JHAMT, juvenile hormone,
methyltransferase.

(CA), the primal site of de novo JH biosynthesis, isgenerally

Introduction considered to be a major factor in the regulation of JH titer

Juvenile hormones (JHs) form a group of sesquiterpenoids
uniquely present in insects. JHs play fundamental roles in
many aspects of postembryonic life, including development,
metamorphosis and reproduction, aswell as division of labor
and caste differentiation in socia insects (Robinson 1992;
Riddiford 1994; Wyatt & Davey 1996; Hartfelder & Engels
1998; Goodman & Granger 2005). Therefore, the strict regu-
lation of JH titer in the insect body is crucial throughout an
insect’s life. The biosynthetic activity in the corpora alata

© 2015 The Entomological Society of Korea and Wiley Publishing Asia Pty Ltd

(Tobe & Stay 1996), athough the clearance of JH by
JH-degrading enzymes in the peripheral tissues also plays a
substantial role (Hammock 1985).

The biosynthetic pathway of JHs is divided convention-
dly into two steps: the early and late steps (Goodman &
Granger 2005). The early steps of JH 111 biosynthesis follow
the mevalonate pathway, with the formation of five-carbon
(5C) isoprenoid units from acetate via mevalonic acid, with
the sequential head-to-tail condensation of three 5C units to
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Reaping the benefits
of no-tillage farming

As president of the Howard G.
Buffett Foundation, | am
disappointed with the suggestion
by Ken Giller, our partnerin

the nitrogen-fixation research
programme N2 Africa, that

the teaching of conservation
agriculture in sub-Saharan Africa
is “wholly misplaced” (Nature
483,525-527; 2012).

Millions of growers, large and
small, are reaping the benefits of
no-tillage farming. Itis one of the
most cost-effective ways to protect
and improve soil —afarmer’s
most precious asset. It builds soil
fertility by increasing biological
activity, reducing the need for
fertilizers and minimizing their
effects on the environment. It also
reduces soil erosion, improves
water quality, increases crop
yields, helps to sequester carbon
and reduces labour.

No-tillage farmers are growing
crops on roughly 111 million
hectares worldwide, including
70% of farmland in Brazil and
Argentina. At Brazil's agricultural-
research organization Embrapa,
no-tillage farming is helping to
unlock the agricultural potential
of the vast Cerrado savannah,
fuelling economic growth.

There are challenges in
teaching new practices to
smallholder farmers, and
much work is needed to adapt
no-tillage farming to Africas
diverse agroecological and
socioeconomic environments.
But with the proper research,
training and capacity, it will be
one of many tools African farmers
need to increase productivity
sustainably.

Howard G. Buffett Howard G.
Buffett Foundation, Decatur,
Ilinois, USA.
amk@hgbfoundation.org

Protect the DNA of
museum specimens
We support Henry Nicholls' plea

to unite museum exhibitions
with behind-the-scenes research

(Nature 484, 36; 2012). But to
avoid jeopardizing the scientific
worth of collections, caution is
needed if that research isdonein
molecular-biology laboratories
under the same roof.

Museums store important,
often irreplaceable, biological
specimens. To protect the
authenticity of their DNA,
contamination must be
prevented. Extraneous DNA
amplified in a museum lab by the
polymerase chain reaction can
easily be transferred to collection
storage areas unless strict
safeguards are in place.

Protocols similar to those used
for studying ancient DNA should
be applied to the development
and operation of molecular-
biology labs within museums. For
example, the labs should be ina
separate building, with a one-way
flow of people and consumables
from the collection area to the lab.
Lara Shepherd, Leon Perrie
Museum of New Zealand Te Papa
Tongarewa, Wellington, New
Zealand.
lara.shepherd@tepapa.govt.nz

China’s bear farms
prompt public outcry

Some 10,000 bears are farmed
in Chinato procure their

bile for traditional Chinese
medicine. This cruel practice
has stimulated a wave of
condemnation across the
country.

Bile is repeatedly collected
from live bears through a
surgically introduced opening
into the bile duct, a procedure
that is painful and distressing
to the animals (see www.
animalsasia.org). Some
pharmaceutical companies use
avariation of this technique that
they say does not hurt the bears.

Even though the
ursodeoxycholic acid found
in bear bile has been available
in synthetic form for decades,
many wealthy patients prefer
the natural product. Despite
the disputed health benefits
of bear bile, this has been an

incentive for companies to
promote bear farming.

The animal-welfare
organization Animals Asia
Foundation, headquartered
in Hong Kong, has been a
pioneer in challenging the
bear-farming industry. It was
recently accused of undermining
traditional medical practices
by the Chinese Association of
Traditional Chinese Medicine.
After 10 years of fighting alone,
the foundation’s work now has
strong public backing. Many
delegates at the National People’s
Congress last month declared
that the industry should not be
tolerated in a modern civilized
society (see go.nature.com/
vg96sd; in Chinese).

China needs to promote
substitutes for bear bile through
further campaigning and public
education. Legislation should be
introduced for an animal welfare
bill, which might eventually lead
to aban on bear farming.

Xia Sheng, Haolin Zhang,
Qiang Weng College of Biological
Sciences and Biotechnology,
Beijing Forestry University, China.
giangweng@bjfu.edu.cn

Validate gene findings
before telling donors

You report on recommendations
that US biobanks should make
participants in genome studies
aware of incidental findings
about their own DNA that might
be medically relevant (Nature
483, 373 and 387, 2012). But
assigning participants access
rights to research that is not
validated could be putting the
cart before the horse.

Incidental findings about
an individual’s gene variants
need to be verified analytically
before being returned to the
DNA donor (S. M. Wolf et al.
Genet. Med. 14, 361-384; 2012).
Even if avariant is accurately
defined, further evidence of
both clinical validity and utility
are needed if its discovery is to
be meaningful.

It would be irresponsible to

follow the recommendation of
Wolf et al. to communicate to the
research subject the finding of
one genotype variant when there
may be hundreds of others related
to the same phenotype, or when
the phenotype varies with ethnic
or environmental differences.
Investigations would be
needed into whether evidence-
based prevention or treatment
is available for the particular
gene finding, as well as into the
reliability of genetic counselling
based on complex, often
ambiguous, risk information.
DNA donors should be
informed that incidental
findings must first be confirmed
and translated into clinical
application before information
iscommunicated to them. We
cannot side-step the process of
proving clinical utility.
Mats G. Hansson Centre for
Research Ethics & Bioethics,
Uppsala University, Sweden.
mats.hansson@crb.uu.se

Enhance visibility of
India’s academies

Policy-makers must take

bold measures to improve the
standing of Indian science
(Nature 484, 159-160; 2012), but
itisimportant that the country’s
scientists own up to their
responsibility for the current
state of affairs.

Take India’s science
academies. Because they wield
little apparent influence on
science, policy or society, they
are largely invisible to scientists
and to the public. Their
relevance seems to be limited
to making annual awards to
a few scientists who publish
their work in journals with
high impact factors. Itis time
for these academies to wake up
to the challenge and become
scientifically and socially
important.

Abhay Sharma CSIR-Institute
of Genomics and Integrative
Biology, Council of Scientific and
Industrial Research, Delhi, India.
abhaysharma@igib.res.in
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China: Will the donkey become the next pangolin?

China is currently experiencing a shortage of donkeys. Thirty years ago,
there were 11 million donkeys in China, the most of any country in the
world at the time. However, at present the number of donkeys in China
has dropped to less than 6 million, due to the continued increased
demand of donkey-hide gelatin (e’jiao) [1]. Ejiao is a type of rare
traditional Chinese medicinal material, which is made from boiled donkey
hide. It typically has a square shape and is shiny black brown in colour
[2]. According to the records in Pharmacopoeia, gelatin has effects such
as nourishing yin, supplementing blood, alleviating dryness and
haemostasis [2].

The increase in the demand for e’jiao continues to rise, which has led
to high prices for donkeys. Public information shows that the retail price
of e’jiao per kg rose from $20 over the 15 years from 2001 to 2016, to
about $830 in 2017, an increase of over 41 times [1]. In China, aside
from e’jiao market, there is also a very large consumer market for
donkey meat. There is a saying that goes, “donkeys are to the earth
what dragons are to the sky”, thus demonstrating the fact that many
people in China consider donkey to be the most delicious type of meat.
The pregnancy period of donkey lasts 12 months, and only one foal is
born at a time, which is another major cause for the sharp decline in
the number of donkeys.

There is presently concern that excessive use of donkeys may cause
them to become the next pangolin [3]. China chooses to import
donkeys from all over the world at high cost, which may lead to
potential crisis of donkeys throughout the rest of the world. China
must find a substitute for donkey skin as a type of herbal medicine,
establish an animal welfare act and strengthen research on the

Equine Veterinary Journal 0 (2017) 1-1 © 2017 EVJ Ltd

reproductive physiology of the donkey. These will become important
measures which may aid in avoiding the donkey suffering the same
fate as the pangolin.

M. Zhu and Q. Weng*
College of Biological Sciences and Biotechnology, Beijing Forestry
University, Beijing, China
*E-mail: giangweng@bijfu.edu.cn
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ABSTRACT

The Xeroderma pigmentosum complementation group G (XPG) rs2296147T>C
polymorphism is suspected to associate with the clinical outcomes of cancer patients.
However, the results are inconsistent. This meta-analysis aimed to evaluate the
reliable predictive value of XPG rs2296147T>C polymorphism on clinical outcomes of
cancer patients. A total of 11 eligible studies were enrolled in this meta-analysis. Our
results indicated that the cancer patients with TT and CT genotypes were significantly
associated with better respond rates when compared with the CC genotype (TT versus
(vs.) CC: odds ratio (OR) = 2.05, 95% confidence intervals (CIs), 1.32-3.20, P =
0.002; TT+CT vs. CC: OR= 1.57, 95% CI, 1.14-2.17, P = 0.005). The TT genotype
and/or T allele might be associated with higher survival time for cancer patients than
the CC genotype and/or C allele. The cumulative meta-analyses showed an apparent
beneficial objective response of TT genotype on cancer patients. In conclusion, this
meta-analysis suggests that the XPG rs2296147T>C polymorphism is associated with
the clinical outcomes of cancer patients. The XPG rs2296147T>C polymorphism might
be a predictive factor of prognosis in cancers patients and contribute to individual
treatment in the future.

versatile repair mechanism responsible for repairing
bulky DNA damage [5]. The xeroderma pigmentosum
complementation group G (XPG), also known as excision
repair cross-complementation group 5(ERCCS), is one of
the critical DNA repair enzymes of NER pathway. XPG
gene is located on chromosome 13g32-q33, and encodes

INTRODUCTION

Nowadays, cancer has emerged as one of the
most serious public health problems worldwide [1-3].
Despite intensive efforts have been made to improve
the efficacy of cancer diagnosis and therapy, the overall

survival (OS) time of cancer patients is still short [1-3].
It is very necessary to identify more reliable biomarkers
for early diagnosis, accurate prognosis prediction, and
efficacy for cancer patients [2]. Emerging evidence has
demonstrated that genetic factors are considered to
influence the cancer development, treatment effectiveness,
survival time of cancer patients, therefore affect the
prognosis of patients [3, 4]. It has been speculated that
DNA damage was significantly associated with the DNA
repair capacity [5-7]. The genetic variants in DNA repair
genes alter the activity of DNA repair, thus influence
the effectiveness of therapy, prognosis and survival of
patients [1, 3, 4, 6]. The DNA repair genes have been
identified in different DNA repair pathways [5-7]. The
nucleotide excision repair (NER) pathway is the most

a protein of 1186 amino acids, which containing 15
exons and 14 introns. Previous studies indicate that the
XPG 152296147T>C polymorphism is suspected to have
relationship with the clinical outcomes of cancer patients,
such as colorectal cancer (CRC) [8—11], epithelial ovarian
cancer (EOC) [12, 13], head and neck cancer(HNC) [14],
non-small cell lung cancer (NSCLC) [15-19], gastric
cancer (GC) [20] and osteosarcoma (OC) [21, 22].
Published data from these studies have shown inconsistent
results. However, a systematic review and meta-analysis
is still lacking. Thus, the aim of this meta-analysis was
designed to summarize the currently available published
findings and comprehensively assess the reliable predictive
value of XPG 152296147T>C polymorphism on clinical
outcomes of cancer patients.
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Syrup Wine

Shao-Yang Wang, Yi-Qing Li, Teng Li, Hang-Yu Yang, Jie Ren, Bo-Lin Zhang and Bao-Qing Zhu *

Beijing Key Laboratory of Forestry Food Processing and Safety, Department of Food Science,
College of Biological Sciences and Technology, Beijing Forestry University, Beijing 10083, China;
wangshaoyang@bjfu.edu.cn (S.-Y.W.); yigingli@bjfu.edu.cn (Y.-Q.L.); liteng24@126.com (T.L.);
yanghangyu2015@163.com (H.-Y.Y.); chxdyd2012@163.com (J.R.); zhangbolin888@163.com (B.-L.Z.)
* Correspondence: zhubaoqing@bjfu.edu.cn; Tel.: +86-10-6233-8221

Academic Editor: Derek J. McPhee
Received: 20 November 2016; Accepted: 25 December 2016; Published: 29 December 2016

Abstract: A nitrogen deficiency always causes bog bilberry syrup wine to have a poor sensory feature.
This study investigated the effect of nitrogen source addition on volatile compounds during bog
bilberry syrup wine fermentation. The syrup was supplemented with 60, 90, 120 or 150 mg/L dibasic
ammonium phosphate (DAP) before fermentation. Results showed that an increase of DAP amounts
accelerated fermentation rate, increased alcohol content, and decreased sugar level. Total phenol and
total flavonoid content were also enhanced with the increase of DAP amounts. A total of 91 volatile
compounds were detected in the wine and their concentrations were significantly enhanced with the
increase of DAP. Ethyl acetate, isoamyl acetate, phenethyl acetate, ethyl butanoate, ethyl hexanoate,
ethyl octanoate, ethyl decanoate, isobutanol, isoamyl alcohol, levo-2,3-butanediol, 2-phenylethanol,
meso-2,3-butanediol, isobutyric acid, hexanoic acid, and octanoic acid exhibited a significant increase
of their odor activity value (OAV) with the increase of DAP amounts. Bog bilberry syrup wine
possessed fruity, fatty, and caramel flavors as its major aroma, whereas a balsamic note was the least
present. The increase of DAP amounts significantly improved the global aroma attributes, thereby
indicating that DAP supplementation could promote wine fermentation performance and enhance
the sensory quality of bog bilberry syrup wine.

Keywords: bog bilberry syrup wine; dibasic ammonium phosphate; volatile compounds;
odor activity value; aroma attributes

1. Introduction

Bog bilberry (Vaccinium uliginosum L.) has attracted much interest in the field of food and
nutritional sciences due to its beneficial health properties [1]. It has been confirmed that these
beneficial properties are mainly related to bog bilberry’s high level of phenolic compounds,
such as anthocyanins and phenolic acids, since these secondary nutrients possess anti-cancer,
anti-cardiovascular, anti-obesity, and anti-oxidative features [2,3]. However, fresh consumption of
bog bilberry is not recommended because of its high organic acid-to-sugar ratio compared to other
fruits [4]. Sugar fortification has been widely applied to bog bilberry. Its by-product after the process,
bog bilberry syrup, has been generally used as the raw material for bog bilberry syrup wine production
since it is rich in functional ingredients derived from bog bilberry fruits [5].

Fermentation is a process by which sugar is metabolized by yeasts into alcohol [6]. Therefore,
the replication and growth of yeasts during wine fermentation play a significant role in affecting the
fermentation performance [7,8]. At the early stage of the fermentation process, nitrogen sources in the
fruit matrix play important roles in the growth and replication of yeasts. Sufficient yeast population

Molecules 2017, 22, 52; doi:10.3390/molecules22010052 www.mdpi.com/Zjournal/molecules
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The Role of DNA Methylation in
Xylogenesis in Different Tissues of
Poplar

Qingshi Wang 2", Dong Ci*2", Tong Li*2, Peiwen Li*2, YuePeng Song*2, Jinhui Chen®2,
Mingyang Quan*2, Daling Zhou*? and Degiang Zhang*

1 National Engineering Laboratory for Tree Breeding, College of Biological Sciences and Technology, Beijing Forestry
University, Beijing, China, 2 Key Laboratory of Genetics and Breeding in Forest Trees and Ornamental Plants, Ministry of
Education, College of Biological Sciences and Technology, Beijing Forestry University, Beijing, China

In trees, xylem tissues play a key role in the formation of woody tissues, which have
important uses for pulp and timber production; also DNA methylation plays an important
part in gene regulation during xylogenesis in trees. In our study, methylation-sensitive
amplified polymorphism (MSAP) analysis was used to analyze the role cytosine
methylation plays in wood formation in the commercially important tree species Populus
tomentosa. This analysis compared the methylation patterns between xylem tissues
(developing xylem and mature xylem) and non-xylem tissues (cambium, shoot apex,
young leaf, mature leaf, phloem, root, male catkin, and female catkin) and found
10,316 polymorphic methylation sites. MSAP identified 132 candidate genes with the
same methylation patterns in xylem tissues, including seven wood-related genes. The
expression of these genes differed significantly between xylem and non-xylem tissue
types (P < 0.01). This indicated that the difference of expression of specific genes
with unique methylation patterns, rather than relative methylation levels between the two
tissue types plays a critical role in wood biosynthesis. However, 46.2% of candidate
genes with the same methylation pattern in vascular tissues (cambium, phloem, and
developing xylem) did not have distinct expression patterns in xylem and non-xylem
tissue. Also, bisulfite sequencing and transcriptome sequencing of MYB, NAC and
FASCICLIN-LIKE AGP 13 revealed that the location of cytosine methylation in the gene
might affect the expression of different transcripts from the corresponding gene. The
expression of different transcripts that produce distinct proteins from a single gene might
play an important role in the regulation of xylogenesis.

Keywords: DNA cytosine methylation, different transcripts, methylation-sensitive amplified polymorphism (MSAP),
tissue-specific DNA methylation, gene expression, poplar

INTRODUCTION

Trees constitute major parts of the biosphere and provide renewable resources for energy, pulp,
paper products, and building materials (Plomion et al., 2001). Populus tomentosa, an important
commercial tree species in northern China has been used as a model tree for biochemical analysis
of lignin synthesis and for identification of candidate genes that function in lignocellulosic
biosynthesis and growth, using association analysis (Du et al., 2013). However, the epigenetic
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Duplication and Divergence of
Leucine-Rich Repeat Receptor-Like
Protein Kinase (LRR-RLK) Genes in
Basal Angiosperm Amborella
trichopoda

Ping-Li Liu*, Lu-Lu Xie?, Peng-Wei Li®, Jian-Feng Mao?, Hui Liu?, Shu-Min Gao?,
Peng-Hao Shit! and Jun-Qing Gong*?
1 College of Biological Sciences and Biotechnology, Beijing Forestry University, Beijjing, China, > Department of Chinese

Cabbage, Institute of Vegetables and Flowers, Chinese Academy of Agricultural Sciences, Beijing, China, ° State Key
Laboratory of Systematic and Evolutionary Botany, Institute of Botany, Chinese Academy of Sciences, Beijing, China

Leucine-rich repeat receptor-like protein kinases (LRR-RLKSs) are the largest group
of receptor-like kinases, which are one of the largest protein superfamilies in plants,
and play crucial roles in development and stress responses. Although the evolution
of LRR-RLK families has been investigated in some eudicot and monocot plants, no
comprehensive evolutionary studies have been performed for these genes in basal
angiosperms like Amborella trichopoda. In this study, we identified 94 LRR-RLK genes
in the genome of A. trichopoda. The number of LRR-RLK genes in the genome of
A. trichopoda is only 17-50% of that of several eudicot and monocot species. Tandem
duplication and whole-genome duplication have made limited contributions to the
expansion of LRR-RLK genes in A. trichopoda. According to the phylogenetic analysis,
all A. trichopoda LRR-RLK genes can be organized into 18 subfamilies, which roughly
correspond to the LRR-RLK subfamilies defined in Arabidopsis thaliana. Most LRR-RLK
subfamilies are characterized by highly conserved protein structures, motif compositions,
and gene structures. The unique gene structure, protein structures, and protein motif
compositions of each subfamily provide evidence for functional divergence among
LRR-RLK subfamilies. Moreover, the expression data of LRR-RLK genes provided further
evidence for the functional diversification of them. In addition, selection analyses showed
that most LRR-RLK protein sites are subject to purifying selection. Our results contribute
to a better understanding of the evolution of LRR-RLK gene family in angiosperm and
provide a framework for further functional investigation on A. trichopoda LRR-RLKSs.

Keywords: Amborella trichopoda, leucine-rich repeat receptor-like kinase (LRR-RLK), functional divergence,
protein structure, protein motif, gene structure, expression

INTRODUCTION

All living organisms sense and conduct signals through cell surface receptors. In plants, cellular
signal transduction is mainly mediated by receptor-like kinases (RLKSs), a protein superfamily.
RLKs contain three functional domains: a ligand-binding extracellular domain, a membrane-
spanning domain, and an intracellular serine/threonine kinase domain (Shiu and Bleecker, 2001).
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Erianin induces apoptosis of human colorectal cancer Caco-2 cells
CUI Ming-yang'’ , KANG Dan-dan' ,HE Lei' ,SHI Yu-jie’,REN Jian-wu'"*

(1.Beijing Forestry University, College of Biological Sciences and Biotechnology , Beijing 100083, China;
2.Peking University Health Science Center,School of Pharmaceutical Science, Beijing 100191, China)

Abstract : Objective : Growth inhibition effects of erianin on human colorectal cell line Caco-2 cells and its possible
mechanism were studied.Methods;: SRB assay was employed to evaluate the anti-proliferation effect of erianin on
Caco-2 cells.The morphological changes of treated Caco-2 cells were observed with 33342 staining.Cell cycle
distribution and the proportion of apoptotic cells were evaluated using flow cytometry.Western Blotting analysis was
used to detect the expressions of apoptosis related protein Caspase-3.Results; Erianin inhibited proliferation of
Caco-2 cells in a dose—and time-dependent manner and leaded to cell apoptosis.The ICy, value was 0.845 ug/mL
after 48 h exposure to erianin.Cell cycle was arrested in G, phase. |t was also observed that the expression of
activity fragmentation of Caspase-3 showed a significant increase.Conclusion; Erianin could inhibit the proliferation
of Caco-2 cells and the apoptosis of Caco-2 cells induced by erianin may be associated with mitochondrial
pathway.
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Xi L, Liu Y, Tang Z, Sheng X, Zhang H, Weng Q, Xu M.
Expression of leptin receptor in the oviduct of Chinese brown frog
(Rana dybowskii). Am J Physiol Regul Integr Comp Physiol 312:
R912-R918, 2017. First published March 15, 2017; doi:10.1152/
ajpregu.00020.2017.—The oviduct of Chinese brown frog (Rana
dybowskii) expands specifically during prehibernation instead of in
the breeding period. In this study, we investigated the expression of
leptin receptor (Ob-Rb) in Rana dybowskii oviduct during the breed-
ing period and prehibernation. Histologically, the oviduct of Rana
dybowskii consists of glandular cells, tubule lumen, and epithelia
cells. The oviductal weight and pipe diameter also revealed significant
differences, which were higher in prehibernation than that of the
breeding period. Ob-Rb was observed in stroma cells of oviducta
tissue in both the breeding period and prehibernation. The mean
protein and mMRNA levels of the Ob-Rb were significantly higher in
prehibernation as compared with the breeding period. In addition,
oviductal content of leptin was also higher in prehibernation than that
of the breeding period. These results suggested that oviduct of Rana
dybowskii might be a target organ of leptin, and leptin may play an
autocrine/paracrine role mediated by Ob-Rb in regulating the oviduc-
tal hypertrophy during prehibernation.

leptin; leptin receptor; regulation; oviduct; Rana dybowskii

THE ovipucT, the tubular organ connecting the periovarian
space with the uterus, is regulated by many hormones and
cytokines that modulate complex early reproductive events,
including gamete transport, fertilization, and embryo develop-
ment. By creating suitable conditions for the transport and
maturation of gametes and generating appropriate environ-
ments for fertility and early embryo development, the oviduct
plays a vital role in the success of early reproductive events
(14, 19). In addition, the oviductal fluid is also essential for its
reproductive functions (5, 20). It is composed of hundreds of
macromolecules derived either by secretion from oviduct epi-
thelium or serum transudate (6, 21).

Energy storage and expenditure are two factors affecting
reproduction in wildlife. Adipose tissue, as the main energy
storage tissue, participates in the regulation of energy homeo-
stasis and secretes a large number of biologically active adi-
pokines to regulate physiologica functions (9). Leptin (Ob) is
one of the best-characterized adipokines. In 1994, leptin was
the first adipokine claimed to be the “missing link” between fat
and reproduction (29). As one of the most important hormones,
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leptin is a nonglycosylated polypeptide of 16 kDa, which is
mainly produced and secreted into the bloodstream by white
adipose tissues. Gene expression and production of leptin have
been observed in avariety of tissues, including skeletal muscle
(39), pituitary (15), mammary tissue (33), hypothalamus, and
placenta (24). The leptin receptor (Ob-R) is a member of the
class | cytokine receptor family. However, only two of them,
long Ob-Rb and short Ob-Ra isoforms, are thought to play
essential roles in mediating leptin signaling and transport and
degradation of leptin. Leptin carries out its biological actions
on target tissues through interaction with its receptor, espe-
cialy by binding and activating the long form of Ob-Rb (34).
The long Ob-Rb form is highly expressed in the hypothalamus
and capable of initiating signal transduction (3).

Leptin plays an integral role in the normal physiology of the
reproductive system with complex interactions at all levels of
the hypothalamic-pituitary gonadal axis (stimulatory effects at
the hypothalamus and pituitary and inhibitory actions at the
gonads). Thus leptin serves as a putative signal that links
metabolic status with the reproductive axis (29). Leptin and
its receptor are expressed in ovary (42) and testis (27, 30).
Identification of leptin in these organs pointed out its par-
ticipation in the control of reproductive function in both
sexes (7, 37).

The Chinese brown frog (Rana dybowskii) is distributed
throughout China, Korea, Japan, and eastern Siberia (41). The
oviduct of Rana dybowskii has been used widely in traditional
Chinese medicine, which is recorded in the Pharmacopoeia of
the People's Republic of China (due to its improvement on
immune system and lung function). The breeding period for
Rana dybowskii ranges from February to June, followed by
hibernation from October to February (32). Different from the
oviduct expansion during the breeding or estrous period in
mammals, a unique physiological phenomenon of Rana dy-
bowskii is that its oviduct expands specifically during prehi-
bernation (13). Our previous studies showed that proliferating
cell nuclear antigen (PCNA), peroxisome proliferator-activated
receptor y2 (PPARY2), leptin, P450arom, estrogen receptor o
(ERa), prostaglandin-E2, and its receptor subtype 4 (EP4) had
higher expression levels in the prehibernation oviduct (12, 22,
32, 40), which suggested that the intrinsic regulators might
play aregulatory rolein cell proliferation and differentiation of
the oviduct (12). To extend our understanding of this process,
in this study, we investigated the expression of Ob-Rb in the
oviduct of Rana dybowskii during the breeding period and
prehibernation to elucidate the physiological regulation of
leptin in oviductal hypertrophy in Rana dybowskii.

http://www.ajpregu.org
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© Oxytocin (OT) can modulate multiple physiological functions via binding to the widely distributed

. oxytocin receptor (OTR). In this study, we investigated the seasonal expressions of OT, OTR and

. extracellular signal regulated kinase (ERK1/2) signaling pathway components in the scented gland of

. muskrat during the breeding and non-breeding seasons. Histologically, glandular cells, interstitial cells

. and excretory tubules were identified in the breeding season scented glands, whereas epithelial cells

© were sparse in the non-breeding season. Immunohistochemical results showed that OTR was present

. in epithelial cells and interstitial cells while OT, pERK1/2, ERK1/2 and c-fos were expressed in epithelial

© cells and glandular cells. The protein and mRNA expressions of OTR, OT and c-fos were significantly
higher in the scented gland in the breeding season than in the non-breeding season. Importantly, the

. levels of OT in scented glands and serum were measured by hormone assays, and their concentrations

. were both significantly higher in the breeding season than in the non-breeding season. Moreover,
bioinformatics analysis showed that the predicted targets of the differentially expressed microRNAs
might include the genes encoding OTR, ERK1/2 and c-fos. These findings suggested that OT may
regulate the function of muskrat scented glands by the locally expressed receptors.

© Oxytocin (OT) is a nonapeptide hormone produced primarily in the neurons of the hypothalamic paraventricular
* nucleus and supraoptic nucleus and released into systemic circulation by posterior pituitary®. It is expressed as an
inactive precursor, which goes through post-translational progressive hydrolysis facilitated by a series of enzymes
. before maturing into the active form? OT plays an important role in lactation, parturition, maternal behavior and
: sexual reproduction in both sexes®. Meanwhile, OT is also synthesized in a variety of tissues besides the brain,
*including the corpus luteum® and the placenta® as well as testis” and epididymis®.
: The physiological functions of OT is mediated via binding to the widely distributed oxytocin receptor (OTR),
: which belongs to the rhodopsin-type (class 1) G protein (Gaqg11)-coupled receptors (GPCRs) family®. In humans,
: the OXTR gene is present in the genome as a single copy at the gene locus 3p25%°. OTR is involved in the reg-
. ulation of multiple physiological activities in peripheral tissues, such as the female uterine contractions and
: mammary gland milk ejection, as well as the male penile erection and ejaculation’®*. So far, studies about OTR
: function in peripheral organs have been mainly focusing on the reproductive system, with few reports on the
 non-reproductive organs, such as the scented gland.
Upon activation, OTR initiates different intracellular signaling pathways, many of which have not been stud-
. ied in depth. Among them, the extracellular signal-regulated kinase 1/2 (ERK1/2) is one of the most impor-
© tant pathways'>'4, Activated ERK1/2 plays a critical role in delivering the extracellular stimuli from the surface
. receptor to the nucleus, which then triggers context-dependent biological effects, such as cell proliferation, dif-
. ferentiation, morphology maintenance, cytoskeleton construction and apoptosis>*¢. Phosphorylated ERK1/2
© (PERK1/2) translocates from the cytoplasm to the nucleus, which in turn activates multiple transcription fac-
. tors. For example, nuclear pERK1/2 mediates proliferative effects via mechanisms that trigger the induction

ICollege of Biological Sciences and Technology, Beijing Forestry University, 100083, Beijing, China. 2Department of
: Biosciences, University of Oslo, 0316, Oslo, Norway. Correspondence and requests for materials should be addressed
. toY.H. (email: thinkinghyy @bjfu.edu.cn) or Q.W. (email: giangweng@bjfu.edu.cn)
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abstract

Cytochrome P450 17A1 (P450c17) is the key enzyme required for the production of androgenic sex ster-
oids by converting progestogens to androgens. 5a-reductases are enzymes that convert testosterone (T)
to dihydrotestosterone (DHT), which has a greater affinity for androgen receptors (AR) and stronger
action than T. Our previous studies revealed that the scented glands of male muskrats expressed AR dur-
ing the breeding and nonbreeding seasons. To further seek evidence of the activities of androgens in
scented glands, the expression patterns of P450c17 and 5a-reductase 2 were investigated in the scented
glands of male muskrats during the breeding and nonbreeding seasons. The weight and size of scented
glands in the breeding season were significantly higher than those of the nonbreeding season.
Immunohistochemical data showed that P450c17 and 5a-reductase 2 were presented in the glandular
cells and epithelial cells of scented glands in both the seasons. The protein and mRNA expression of
P450c17 and 5a-reductase 2 were significantly higher in the scented gland during the breeding season
than those during the nonbreeding season. In addition, the levels of DHT and T in the scented gland were
remarkably higher during the breeding season. Taken together, these results suggested that the scented
glands of male muskrats were capable of locally synthesizing T and DHT, and T and DHT might play an

important role in the scented glandular function via an autocrine or paracrine manner.

© 2017 Elsevier Inc. All rights reserved.

1. Introduction

Cytochrome P450 17A1 (P450cl17) is a monooxygenase as a
member of the cytochrome P450 superfamily localizing in the
endoplasmic reticulum or mitochondria. P450c17 plays a critical
role in sex steroid hormone synthesis by converting progestogens
to androgens (Fluck et al., 2003; Miller and Auchus, 2011). Besides
traditional steroidogenic organs like adrenal glands and gonads,
P450c17 was also found in other tissues, including brains, skins
and adipose tissues, implying that they were potentially sources
of local sex steroid hormone (Dharia et al., 2004; Puche et al.,
2002; Schonemann et al., 2012; Slominski et al., 2013). There are
three isoforms of 5a-reductases: the type 1 and 2 isoforms possess
the capacity to convert testosterone (T) to dihydrotestosterone

Abbreviations: AR, androgen receptor; B, the breeding season; CSD, core
secretory duct; DHT, dihydrotestosterone; EC, epithelial cells; GC, glandular cells;
IC, interstitial cells; NB, the nonbreeding season; P450c17, Cytochrome P450 17A1;
T, testosterone.

* Corresponding author.
E-mail address: giangweng@bjfu.edu.cn (Q. Weng).

https://doi.org/10.1016/j.ygcen.2017.09.015
0016-6480/© 2017 Elsevier Inc. All rights reserved.

(DHT) in the cell nucleus or cytoplasm, while the type 3 partici-
pates in N-linked protein glycosylation, with little functional abil-
ities to reduce steroid substrates (Cantagrel et al., 2010; Nacusi and
Tindall, 2011). Moreover, 5a-reductase 1 has the low affinity for
steroid substrates and a high expression in the liver, which was
generally considered as a catabolic agent to convert T into DHT
for further degradation. In contrast, 5a-reductase 2 was taken as an
anabolic entity because of a high substrate affinity and a predom-
inant expression in male reproductive tissues and accessory sex
glands, playing an obviously crucial role in normal male sexual
development, and its abnormal expression caused abnormal male
external genitalia development, small prostate, benign prostatic
hyperplasia and prostate cancer (Mendonca et al., 2016; Thigpen
et al,, 1993; Windahl et al., 2011; Zhu and Imperato-McGinley,
2009). And the type 3 isoform was related with intellectual dys-
function and cerebellar and ocular defects (Cantagrel et al.,
2010). Therefore, instead of type 1 and 3 isoforms, 5a-reductase
2 mainly takes part in androgen synthesis and promotion and
maintenance of development and morphology of male androgen
target organs and tissues.



European Journal of Histochemistry 2017; volume 61:2834

Expressions of IL-6, TNF-a and
NF-kB in the skin of Chinese
brown frog (Rana dybowskir)

Ligin Xi, Chen Wang, Pengyu Chen,

Qi Yang, Ruigi Hu, Haolin Zhang,
Qiang Weng, Meiyu Xu

College of Biological Sciences and
Technology, Beijing Forestry University,
Beijing, China

Abstract

The cytokine interleukin-6 (I1L-6) medi-
ates a wide range of inflammatory and
immune responses. Tumor Necrosis Factor a
(TNF-a) has a myriad of pro-inflammatory
effects on the skin. Nuclear factor kB (NF-«B)
is a transcriptional factor that regulates a
battery of genes that are critical to immune
system. In this study, we investigated the
localizations and expression levels of IL-6,
TNF-a and NF-xB in the skin of Rana
dybowskii during the breeding period and
pre-hibernation. Histologically, the skin of
Rana dybowskii consisted of epidermis and
dermis. Four kinds of cells were identified
in the epidermis, while the dermis was com-
posed of homogenous gel, mucous glands
and granular glands. IL-6, TNF-o. and NF-xB
were immunolocalized in the epithelial and
glandular cells in both periods. Western
blotting showed that IL-6, TNF-o and NF-kB
were significantly higher in the pre-hiberna-
tion compared to the breeding period. Real-
Time PCR revealed that the relative mRNA
levels of IL-6 and NB-xB in the pre-hiber-
nation increased significantly compared
with the breeding period, while the TNF-a
mRNA expression levels were not signifi-
cantly different between these two periods.
These results suggested that IL-6, TNF-a
and NF-kB might collectively be involved
in the skin immune system of Rana
aybowskii during the breeding period and
pre-hibernation.

Introduction

Amphibian skin is naked and directly
exposed to harsh environments and dam-
aged by varieties of external factors, such as
predators, microorganisms, parasites, and
some physical injuries.*? As the first line of
defensing against external infection, the
skin provides the most important barrier
against environmental influences. Wound
healing, regeneration and the development

[page 264]

of immune tolerance are main functions of
the skin immune system.® Moreover, the
skin, as a biochemically and physiologically
complex organ, has functions of defensing
against predators and microorganisms,
which makes amphibians thrive in a wide
range of habitats and ecological condi-
tions.2* The secretions of cytokines by epi-
dermal Keratinocytes, particularly tumor
necrosis factor alpha (TNF-a), interleukin-
6 (IL-6) and interleukin-1p (IL-1B), play a
key role in various immunological disorders
and inflammation in the skin.>¢ However,
most relative reports were about the roles of
IL-6, TNF-o. and NF-xB in mammals skin,
there were few reports about the physiolog-
ical roles of IL-6 and TNF-a in amphibian
skin, and until now there were no reports
about the changes in the expressions of IL-
6 and TNF-a in amphibian skin during dif-
ferent physiological states.

Cytokines are mediators with multiple
functions, including the initiation or influ-
ence of numerous biological processes,
such as, inflammation, sepsis and wound
healing.”® The pro-inflammatory cytokines
IL-6 and TNF-a play key roles within the
cytokine network.® As a multifunctional
cytokine, IL-6 is involved in the regulation
of growth of various malignant tumors and
inflammation.* IL-6 is produced by various
types of cells, such as leukocytes, ker-
atinocytes, endothelial cells, fibroblasts,
and some tumor cells. What’s more, I1L-6 is
frequently associated with the early stages
of host defense and mediates a wide range
of inflammatory and immune responses.t2
IL-6 contributes to the growth and differen-
tiation of numerous cell types, including
those of dermal and epidermal origin® and
is closely linked to skin wound healing.**
IL-6 treatment also appears to modulate
Stratum corneum regeneration and skin bar-
rier function®® to maintain skin homeostasis.
TNF-a acts as a mediator of both natural
and acquired immunity, which could regu-
late many cellular and biological processes
such as immune function, proliferation, cell
differentiation, apoptosis and energy metab-
olism.’8 TNF-a plays an important role in
host defense against viral, bacterial, fungal,
and parasitic pathogens, in particular
against intracellular bacterial infections,
such as Mycobacterium tuberculosis and
Listeria monocytogenes.r” In addition,
TNF-o participates in re-epithelialization
and neovascularization and has a beneficial
effect on tissue repair of the skin.1819

Nuclear factor kB (NF-xB) is a tran-
scriptional factor that regulates a battery of
genes that are critical to innate and adaptive
immunity, cell proliferation, inflammation,
tumor development and inhibition of apop-
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tosis.?® NF-xB is involved in the activation
of immune cells by upregulating the expres-
sions of many cytokines (such as IL-1p,
IL-6, IL-18 and TNF-a), which are essen-
tial for the immune response.?* In the skin,
NF-kB regulates the expressions of many
genes that are involved in the initiation of
the inflammatory response, including
cytokines, adhesion molecules and
chemokines, matrix metalloproteases, and
nitric oxide synthase.?

The Chinese brown frog (Rana
aybowskii) is distributed throughout China,
Korea, Japan, and eastern Siberia.?
Depending on the latitude and altitude, the
hibernation of Rana dybowskii is from
October to February next year, which is fol-
lowed by the breeding period from
February to June.?* The skin of Rana
dybowskii has been used extensively in tra-
ditional Chinese medicine to heal burnt
wounds because of the antimicrobial com-
ponents, which may contribute to efficacy
in wound healing.® Our previous study
demonstrated the presence and seasonal
expressions of IL-1p and IL-1R in the Rana
dybowskii skin,?® which suggested that

[European Journal of Histochemistry 2017; 61:2834]
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Observation on Guard Cell Microtubules from Hosta plantaginea by
Immunofluorescence Method for Undergraduate Teaching

Xie Bingliang, Wang Yuhan, Zhang Lin, Wang Keyue, Lu Cunfu*
(College of Biological Science and Biotechnology, Beijing Forestry University, Beijing 100083, China)

Abstract Cytoskeleton observation is a significant experiment for undergraduate students majoring in
biology. In the experimental teaching of cell biology, coomassie brilliant blue staining is the common method
to observe plant cytoskeletons. However, it is not a good method to detect and distinguish different cytoskelons
specifically. In present study, we used Allium cepa, Hosta plantaginea, and Buxus megistophylla to observe cell
microtubules by immunofluorescence method. The results indicated that Hosta plantaginea, as an ornamental
flower plant, is a suitable plant to observe clear fluorescent microtubule images in leaf guard cells. Microtubule
depolymerization was detected in samples that treated at 4 °C or =20 °C, indicating that low temperature induced
disintegration of the microtubule in guard cells. Therefore, Hosta plantaginea is a proper plant for observing
microtubule by immunofluorescence microscopy for undergraduate teaching.

Keywords  Hosta plantaginea; guard cell; microtubule; cold treatment; experimental teaching
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Abstract

The genus Lesticus in China was studied, with descriptions of four new species: L. auripennis sp. n. (Guang-
dong: Nanling, 24.93°N, 112.09°E); L. bii sp. n. (Xizang: Médog, 29.32°N, 95.34°E); L. xiaodongi sp. n.
(Yunnan: Yingjiang, 24.71°N, 97.58°E); and L. violaceous sp. n. (Yunnan: Yingjiang, 24.71°N, 97.58°E).
One new synonym is proposed: L. dubius Dubault, Lassalle & Roux, is a junior synonym of L. solidus Roux
& Shi. An improved key and a catalogue accommaodating all known Chinese Lesticus species are provided.
Species relationships and the evolution of endophallic and other characters are preliminarily discussed.

Keywords
Trigonostomina, beetle, key, new species, endophallus, character evolution

Introduction

Lesticus Dejean belongs to the subtribe Trigonostomina (Carabidae: Pterostichinae)
which includes six genera having an Oriental-Australasian distribution. This subtribe
can be easily recognized by the very short and wide mentum tooth. Lesticus can be distin-
guished from other genera in the subtribe by the following character combination: first

Copyright Pingzhou Zhu et al. This is an open access article distributed under the terms of the Creative Commons Attribution License (CC
BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.
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ABSTRACT

The prostate gland is a male accessory reproductive gland that requires androgenic steroids for maintaining its
vitality and function. The aim of the study was to investigate the localization and expressions of the androgen
receptor (AR), SRD5A1 and SRD5A2 in the prostate glands of wild male ground squirrels during different re-
productive periods by immunohistochemistry and real-time PCR. Gross mass of the prostate gland was higher in
the breeding season than that of the non-breeding season. Histological observation showed that exocrine lumens
in the prostate gland were enlarged in the breeding season and shrank in the non-breeding season.
Immunohistochemical results demonstrated that AR was presented in both epithelial and stromal cells' nuclei
during both the breeding and non-breeding seasons. Intriguingly, the positive staining of SRD5A1 and SRD5A2
was only found in the stromal cells. The mRNA expression of the three genes including Ar, Srd5al and Srd5a2 in
the prostate gland was higher in the breeding season than those of the nonbreeding season. In addition, the
circulating concentration of testosterone (T) and the concentration of dihydrotestosterone (DHT) in the prostate
gland were also markedly higher in the breeding season than those of the nonbreeding season. These results
suggest that expression levels of AR, SRD5A1 and SRD5A2, as well as DHT synthesis, might be correlated with
seasonal changes in morphology and function of the prostate gland, indicating that DHT may serve as a pivotal
regulator to affect the morphology and function of prostate gland via a autocrine/paracrine pathway in wild

male ground squirrels.

1. Introduction

The prostate gland is a male accessory reproductive gland in
mammals, whose morphology and structure varies widely in different
species (Powers and Marker, 2013). In rodents, the prostate gland
consists of distinct lobes, while it is a compact solitary structure in
humans and dogs (Oliveira et al., 2016; Powers and Marker, 2013).
Histologically, the prostate gland is composed of epithelial and stromal
elements, with the tall columnar secretory epithelial cells lining the
glandular ducts and the stromal cells surrounding them (Aaron et al.,
2016; Lee et al., 2011; Singh et al., 2014). The prostate gland has
various physiological functions, and its primary function is to produce
the slightly alkaline fluid, which contributes to the components of
seminal plasma. The prostate fluid provides the nutrition and protection
for the sperm and therefore stimulates the vitality of sperm and pro-
motes the formation of fertilized eggs (Hoover and Naz, 2012; Sanada
and Yoshida, 1985). Besides the exocrine function, the prostate gland is
also involved in the local metabolism of testosterone (T) (Wilson, 2011;
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E-mail address: haolinzhang@bjfu.edu.cn (H. Zhang).

https://doi.org/10.1016/j.cbpa.2018.06.023
Received 21 April 2018; Received in revised form 21 June 2018; Accepted 25 June 2018
Available online 02 July 2018

1095-6433/ © 2018 Elsevier Inc. All rights reserved.

Zhou et al., 2013). In addition, the prostate gland can control urination
or expel semen during ejaculation through muscular contractions sur-
rounding with the urethra (Buttyan et al., 1999; Kumar and Majumder,
1995). The development of prostate is regulated by androgens, which
are responsible for the appropriate embryological formation and post-
pubertal growth of prostate gland, and the regulation of the vitality and
functions of prostate gland during the adult period. (Buttyan et al.,
1999; Fujii, 1977; Lewis and Mills, 2004; Williams-Ashman and Reddi,
1991).

Testosterone (T) and dihydrotestosterone (DHT) were two major
types of androgens, while DHT has significantly higher potential to
activate the androgen signaling than T (Cunha et al., 1987; Singh et al.,
2014; Wilson, 2011). The circulating T could be taken intracellularly
and transformed into DHT by locally expressed 5a-reductase (Bjelfman
et al., 1997; Buttyan et al., 1999; Enderle-Schmitt et al., 1986). There
are two main types of 5a-reductase isoenzymes exhibiting 5-alpha re-
ducing capabilities, designated as SRD5A1 and SRD5A2, with different
localizations in  mammalian tissues. SRD5A1 is expressed
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Abstract

The addition of vegetable to carbohydrate-based meals was shown to contribute to glycaemic management. The aim of this study was to
investigate the impact of homogenisation on vegetables added to rice meals in terms of acute glycaemic responses (GR). In a randomised
crossover trial, sixteen healthy volunteers completed thirteen test sessions, which included two sessions for glucose control, two for rice and
nine for different vegetable-rice mixed meals: cooked pak choi and cooked rice (CP+R); cooked cauliflower and cooked rice (CC +R);
cooked eggplant and cooked rice (CE+R); and their homogenised counterparts, both raw or cooked. Postprandial GR tests, in vitro
carbohydrate digestion and chemical analyses were carried out for each test meal. Compared with pure rice, CE+R, CP+R and CC +R meals
achieved significantly lower glycaemic indexes (GI) of 67, 71 and 73, whereas their homogenised counterparts failed to show significant
difference with rice. The hydrolysis indexes (HI) of CE+R, CP+R and CC +R were 69:6, 83-8 and 80:6 % of the HI of the rice control. CE had
the greatest effect on lowering the GI, the incremental area under the blood glucose curve from 0 to 120 min, the peak glucose value, the
maximum amplitude of glucose excursion in 0-120 min (MAGEg_150), the HI and rapid available starch. Both in vitro and in vivo tests
demonstrated that incorporating non-homogenised cooked vegetables into a rice meal could slow the carbohydrate digestion and improve
postprandial GR. Texture properties of vegetable may play an important role in underlying glycaemic control mechanisms.

Key words: Glycaemic responses: Homogenised vegetables: Cooked vegetables: In vitro carbohydrate digestion

Rice is the most commonly consumed staple food and the
major dietary source of carbohydrates in many Asian coun-
tries. However, refined white rice has been classified as a high
glycaemic index (GI1) food in previous studies®?, and daily
consumption of a high-GI rice-based diet may induce
hyperglycaemia after meals, even in healthy people®. A
sustained elevated postprandial blood glucose level is
strongly associated with an elevated risk of type 2 diabetes
mellitus (T2DM)™. It is estimated that the number of diabetes
patients will reach 123.0 and 201-8 million in 2035 in South
East Asia and the West Pacific region, respectively®. Dietary
interventions that can attenuate postprandial glycaemic
responses (GR) have been proven beneficial for T2DM pre-
vention®, and these interventions are encouraged by pro-
fessional bodies(™.

As a staple food, rice is usually co-consumed with other
dishes, such as vegetables, meat, fish and soya foods in East
Asia and South Asia. The addition of vegetables deserves to be
highlighted as vegetables are high nutrient density food, rich in
dietary fibre and phytochemicals such as polyphenols and
carotenoids. Accumulating epidemiological evidence and
intervention trials support that sufficient vegetable intake,
especially the intake of green leafy vegetables®2 and cruci-
ferous vegetables?) are associated with reduced risk of T2DM.

A number of research reports have shown that, compared
with the GR of pure rice, the GR of rice-based mixed meals
could be reduced by the incorporation of a variety of vege-
tables, although the amount of total available carbohydrate of
the vegetable-rice mixed meal was higher than that of the
pure rice meal®™¥. Eating vegetable dishes before taking

Abbreviations: CC, cooked cauliflower; CE, cooked eggplant; CP, cooked pak choi; GI, glycaemic index; GR, glycaemic response; iAUC, incremental AUC; RS,

resistant starch.
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Duplication and diversification of
lectin receptor-like kinases (LecRLK)
genes in soybean

Received: 18 September 2017 Ping-Li Liu?, Yuan Huang?, Peng-Hao Shit, Meng Yu?, Jian-Bo Xie & LuLu Xie?

Accepted: 29 March 2018 :

Published online: 12 April 2018 : Lectin receptor-like k_lnases (I__ecRLKs) play importantrolesin plan.t developmen? and stress respon_ses.
. Although genome-wide studies of LecRLKs have been performed in several species, a comprehensive
. analysis including evolutionary, structural and functional analysis has not been carried out in soybean
. (Glycine max). In this study, we identified 185 putative LecRLK genes in the soybean genome, including
. 123 G-type, 60 L-type and 2 C-type LecRLK genes. Tandem duplication and segmental duplication
. appear to be the main mechanisms of gene expansion in the soybean LecRLK (GmLecRLK) gene family.
: According to our phylogenetic analysis, G-type and L-type GmLecRLK genes can be organized into
. fourteen and eight subfamilies, respectively. The subfamilies within the G-type GmLecRLKs differ from
. eachotherin gene structure and/or protein domains and motifs, which indicates that the subfamilies
. have diverged. The evolution of L-type GmLecRLKs has been more conservative: most genes retain the
: same gene structures and nearly the same protein domain and motif architectures. Furthermore, the
. expression profiles of G-type and L-type GmLecRLK genes show evidence of functional redundancy and
. divergence within each group. Our results contribute to a better understanding of the evolution and
: function of soybean LecRLKs and provide a framework for further functional investigation of them.

. Cell surface receptors play important roles in perceiving and processing signals that arrive at the cell. One large
. family of such cell surface receptors is the receptor-like kinase (RLK) family!. RLKs contain three functional
. domains: an N-terminal extracellular domain, a transmembrane domain and an intracellular kinase domain?.
. 'The extracellular domains of RLK proteins are highly divergent and usually are comprised of different protein
. domains, such as a leucine-rich repeat (LRR) domain, and a lectin domain. The kinase domains (KDs), which
. are fairly conserved, contain 12 conserved subdomains that fold into a three-dimensional catalytic core with a
. two-lobed structure®*. Based on the structure of the extracellular domains and on a phylogenetic analysis of the
© kinase domains, RLK proteins of Arabidopsis thaliana were classified into more than 15 families?.

: The lectin receptor-like kinases (LecRLKS) are a class of RLKs that contain a lectin domain within the extra-
. cellular domain. Based on the class of lectin domain they contain, LecRLKs have been further classified into
: three categories, the G-, L-, and C-type lecRLKs>~. The G-type LecRLKs (previously called B-type LecRLKS)
: contain a bulk-lectin (B-lectin) or a D-mannose binding lectin domain within the N-terminal extracellular
: domain. G-type LecRLKSs are also known as S-domain RLKs due to the presence of an S-locus glycoprotein
. domain in these proteins and due to their role in self-incompatibility in plants®-L. In many G-type LecRLK
. proteins, the B-lectin domain is also accompanied by an epidermal growth factor (EGF)-like domains and/
© or a Plasminogen-apple-nematode (PAN) domain®’. The cysteine-rich EGF-like domain? probably takes
. part in the formation of disulfide bonds, and the PAN motif is believed to be involved in protein-protein and
. protein-carbohydrate interactions'?-*. The L-type LecRLKSs contain a characteristic legume lectin domain in the
. extracellular region. This domain resembles soluble legume lectin proteins, which are ubiquitous in leguminous
* seeds and are involved in binding monosaccharides'®. The legume lectin domains of LecRLKSs are unlikely to be
: involved in binding monosaccharides; instead, they could interact with complex glycans or with hydrophobic lig-
:ands®™. The C-type LecRLKSs contain a calcium-dependent carbohydrate-binding lectin domain in the N-terminal
- extracellar domain. This domain is commonly found in a large number of mammalian proteins that mediate
*innate immune responses?®,

© ICollege of Biological Sciences and Biotechnology, Beijing Forestry University, Beijing, 100083, China. 2Institute of
* Hutchison Whampoa Guangzhou Baiyunshan Chinese Medicine Co., Ltd, Guangzhou, 510515, China. *Department of
. Chinese Cabbage, Chinese Academy of Agricultural Sciences, Beijing, 100081, China. Correspondence and requests
. for materials should be addressed to J.-B.X. (email: jbxie@bjfu.edu.cn) or L.X. (email: xielulu_1003@163.com)
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abstract

This study confirmed the anti-fungal effect of trypsin-treated Bacillus subtilis culture (BC) (tryptic hydro-
lysate, TH) on mold growth on Kyoho grapes. We examined the anti-fungal activity of TH by identifying
TH peptides and performing a computational docking analysis. TH was more potent than untreated BC in
suppressing fungal growth on grapes. Specifically, TH maintained grape freshness by inhibiting respira-
tion and rachis browning, maintaining firmness, and preventing weight loss. Thirty-six inhibitory pep-
tides against b-1,3-glucan synthase (GS) were screened from 126 TH peptides identified through
proteomic analysis. Among them, 13 peptides bound tightly to GS active pockets with lower binding
energies than that of GppNHp. The most potent peptides, LFEIDEELNEK and FATSDLNDLYR, were synthe-
sized, and further experiments showed that these peptides had a highly suppressive effect on GS activity
and Aspergillus niger and Penicillium chrysogenum growth. Our results confirm that tryptic treatment is
effective for improving the anti-fungal activity of BC.

Sodium acetate (PubChem CID: 517045)
Formic acid (PubChem CID: 284)
Acetonitrile (PubChem CID: 6342)
Sulfur dioxide (PubChem CID: 1119)
Sodium chloride (PubChem CID: 5234)

Keywords:

Molds

Respiratory rate
Browning

GTPase

Computational docking
b-1,3-Glucan synthase

© 2017 Elsevier Ltd. All rights reserved.

1. Introduction

The table grape (Vitis vinifera L.) is cultivated throughout the
world and is one of the most important fruits for humans because

Abbreviations: AGC, automatic gain control; AOAC, Association of Official
Analytical Chemists; BC, Bacillus subtilis culture; CFU, colony-forming units; CIE,
Commission Internationale de L'Eclairage; DIZ, the diameter of inhibition zone;
DRBC, ichloran rose Bengal chloramphenicol agar; FDR, false discovery rate; GS, b-
1,3-glucan synthase; HCD, higher energy collision-induced dissociation; HPLC-MS/
MS, high-performance liquid chromatography-tandem mass spectrometry; PDA,
potato dextrose agar medium; PDB, Protein Data Bank; TH, tryptic hydrolysate of B.
subtilis culture.

* Corresponding author at: Department of Food Science and Engineering, College
of Bioscience and Biotechnology, Beijing Forestry University, P.O. 112, 35Qinghua
East Road, Haidian District, Beijing 100083, China.

E-mail address: fanjunfeng@bjfu.edu.cn (J. Fan).
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0308-8146/© 2017 Elsevier Ltd. All rights reserved.

it is rich in vitamins, carotenoids and phenolics. However, every
year 30—-40% of post-harvest table grapes are lost due to softening,
weight loss, and in particular, fungal contamination, which can be
hazardous to human health (Jiang, Shi, Liu, & Zhu, 2014;
Romanazzia, Lichterb, Gablerc, & Joseph, 2012). Various strategies
have been postulated to control post-harvest table grape decay
and weight loss. Of these methods, chemicals such as SO, have
been used to prolong shelf life during cold storage (Youssef et al.,
2015). However, these chemical fungicides are currently avoided
because of consumer health and environmental concerns
(Waewthongraka, Pisuchpenb, & Leelasuphakula, 2015). Therefore,
the effect of safe treatments, such as those involving the use of
sodium alginate and lysozyme (Hu & Zhou, 2011), vanillin-
enriched alginate (Takma & Korel, 2017), chitosan (Adel &
Mohamed, 2015), polyamines (Mirdehghan & Rahimi, 2016) and
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KLHL22 activates amino-acid-dependent mTORC1
signalling to promote tumorigenesis and ageing

Jie Chen'2, Yuhui Ou?, Yanyan Yang!, Wen Li2, Ye Xu?, Yuntao Xie* & Ying Liu*

The mechanistic target of rapamycin complex 1 (mMTORC1) is
a master regulator of cell growth that responds to a diverse set
of environmental cues, including amino acids®2. Deregulation
of MTORC1 has been linked with metabolic diseases, cancer
and ageing®™. In response to amino acids, mTORC1 is recruited
by the Rag GTPases to the lysosome, its site of activation®8. The
GATORL1 complex, consisting of DEPDC5, NPRL3 and NPRL2,
displays GAP activity to inactivate Rag GTPases under amino-
acid-deficient conditions’. However, it is unclear how the inhibitory
function of GATORL is released upon amino acid stimulation.
Here we find that in response to amino acids, the CUL3-KLHL22
E3 ubiquitin ligase promotes K48-linked polyubiquitination and
degradation of DEPDCS5, an essential subunit of GATOR1. KLHL22
plays a conserved role to mediate the activation of MTORC1 and
downstream events in mammals and nematodes. Depletion of
MEL-26, the Caenorhabditis elegans orthologue of KLHL22, extends
worm lifespan. Moreover, KLHL22 levels are elevated in tumours of
breast cancer patients, whereas DEPDCS5 levels are correspondingly
reduced. Depletion of KLHL22 in breast cancer cells suppresses
tumour growth in nude mice. Therefore, pharmacological
interventions targeting KLHL22 may have therapeutic potential
for the treatment of breast cancer and age-related diseases.

To understand how inhibition by GATORL1 is released during
MTORC1 activation, we monitored the stability of GATOR1 subunits
in response to amino acid availability. Notably, the protein levels of
DEPDCS, but not NPRL3 or NPRL2, were regulated in an amino-
acid-sensitive manner (Fig. 1a and Extended Data Fig. 1a). By contrast,
levels of DEPDCS transcripts remained unchanged in the presence
or absence of amino acids (Extended Data Fig. 1b). The stability of
DEPDCS protein was extremely low under the basal culturing con-
dition (Extended Data Fig. 1c, d). Accumulation of DEPDC5 was
detected only when we treated cells with MG132, the 26S proteasome
inhibitor (Extended Data Fig. 1e), suggesting that DEPDC5 undergoes
proteasome-mediated degradation in response to amino acids.

Covalent conjugation of ubiquitin is a key step in proteasome-
mediated degradation of target proteins. Indeed, the ubiquitination
of DEPDC5 was observed in the presence of amino acids (Fig. 1b and
Extended Data Fig. 1f). DEPDCS5 could be labelled only with wild-type
or K48 ubiquitin (ubiquitin mutant that contains only one lysine), but
not with K63 ubiquitin (Fig. 1c), indicating that amino acids promote
K48-linked ubiquitination of DEPDCS.

We next sought to identify the E3 ubiquitin ligase that targets
DEPDCS. Because mTORCL signalling is often deregulated in human
cancers®?, and the GATOR1 complex has been reported to function on
the lysosomal surface'”, we screened a panel of E3 ligases that have been
reported to affect mTORCL1 activity or tumorigenesis, together with E3
ligases localized to the lysosomes. We found that ectopic expression of
KLHL22, mutations of which have been linked with breast cancer?,
promoted the degradation of endogenous DEPDC5 (Extended Data
Fig. 2a). KLHL22 is a BTB (Bric-a-brac—Tramtrack—Broad) adaptor

protein, usually forming a functional cullin—-RING E3 ubiquitin ligase
complex with the scaffold protein CUL3 and the ring-finger protein
RBX1%213 Notably, CUL3 and RBX1 were identified by mass spectrom-
etry during our search for DEPDC5-interacting proteins (Extended
Data Fig. 2b). The substrate specificity of cullin-RING E3 ubiquitin
ligase is determined through a BTB adaptor protein within the
complex**. Indeed, overexpression of CUL3-RBX1-KLHL22, but not
CUL3-RBX1-KLHL19, promoted the ubiquitination and degradation
of DEPDCS5 (Fig. 1d, €). Deletion of the 6-Kelch (6K) repeats, the sub-
strate recognition motif of KLHL22'®, or knockdown of KLHL22 by
small interfering RNA (siRNA), blocked DEPDCS5 ubiquitination and
degradation (Fig. 1d—g). Furthermore, recombinant CUL3-RBX1-
KLHL22 proteins were sufficient to promote DEPDCS5 ubiquitination
in vitro (Extended Data Fig. 2c, d).

Several lysine residues were predicted by UbPred®, or have previ-
ously been identified by mass spectrometry as possible ubiquitination
sites of DEPDC5Y (Extended Data Fig. 3a). K48-linked polyubiquitina-
tion and degradation of DEPDCS5, and subsequent mTORC1 activation
(indicated by S6K1 phosphorylation), were blocked if all five lysine
residues were simultaneously mutated to arginine (5KR) (Extended Data
Fig. 3b, c). However, none of the single mutations blocked DEPDC5
ubiquitination and degradation (Extended Data Fig. 3d, e). Therefore,
CUL3-KLHL22 E3 ligase catalyses K48-linked ubiquitination
on multiple sites of DEPDC5.

We next investigated how KLHL22 regulates DEPDCS5 in response to
amino acid availability. KLHL22 interacted specifically with DEPDC5 in
an amino-acid-sensitive manner (Fig. 1h and Extended Data Fig. 4a—).
The direct interaction between DEPDC5 and KLHL22 was further
demonstrated using recombinant proteins in an in vitro binding assay
(Extended Data Fig. 4d). However, the DEPDC5(5KR) mutant was
not able to interact with KLHL22 (Extended Data Fig. 4d), possibly
owing to the aberrant folding of DEPDC5 caused by the mutations.
Therefore, the lysine residues responsible for DEPDCS5 ubiquitylation
by KLHL22 warrant further investigation. Through truncation map-
ping tests, the DEP domain was identified as the degron of DEPDC5
(Extended Data Fig. 4e, f), which is responsible for KLHL22-mediated
degradation (Extended Data Fig. 4g). Mutation of each serine, thre-
onine, or tyrosine within the degron did not prevent its interaction
with KLHL22 (Extended Data Fig. 4h), suggesting that it might not be
a phospho-degron.

To understand how amino acids modulate KLHL22 activity, we
monitored the localization of KLHL22 in response to amino acids.
Notably, amino acids mediated nuclear—cytosolic shuttling of KLHL22
(Extended Data Fig. 5a, b). Several phosphorylation sites have been
reported in KLHL22* (Extended Data Fig. 5¢). We mutated each site
to alanine, and found that S18 was required for the nuclear accumu-
lation of KLHL22 in amino-acid-deprived conditions (Extended Data
Fig. 5d). Through mass spectrometry analysis, we found that KLHL22
associated with 14-3-3 proteins during amino acid starvation (Extended
Data Fig. 5e). The S18A mutation disrupted the interaction between
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Abstract: The aim of this study was to explore the glycaemic response (GR) patterns of four dried
fruits (DF) and the mixed meals containing dried fruits, rice and almonds. Dried apples (DApp),
dried jujubes (DJ), raisins (Ra) and dried apricots (DApr) were tested in eleven healthy subjects in
random order. Test meals included the following 3 groups: (1) dried fruits containing 50 g available
carbohydrates; (2) mixed meals consisting of DF and rice (DF + R), each contributing 25 g available
carbohydrates; (3) Group (2) supplemented with 30 g almonds (DF + R + A). The postprandial GR and
other characteristics in 240 min were investigated. The Gl values of 4 DFs were 43 for DApp, 55 for
DJ, 56 for both Ra and DApr. The DApp displayed the smallest amplitude of glycaemic excursion
within 240 min (MAGE(_»40). Compared with rice, the DApp + R meal elicited a significantly reduced
GR and a smaller MAGE(_»49 (GI 81 vs. 65). With the addition of almonds, the Gls and MAGEq_»49
decreased significantly in all DF + A + R combinations except DApp + R + A. The ratio of total
fructose/glucose contents of test meals were negatively correlated to Gls. Dried fruits and nuts
may have the potential to mitigate the postprandial GR when jointly introduced into glycaemic
management diets.

Keywords: glycaemic responses; mixed diets; dried fruits; almonds; dried jujubes

1. Introduction

Nuts and dried fruit (DF) are traditional dietary components in many countries, and have
been included in healthy diet patterns, such as the Dietary Approaches to Stop Hypertension (DASH)
diet [1,2] and the Mediterranean diet (MedDiet) [3], as they are a good source of dietary fibre, potassium,
magnesium and antioxidants such as polyphenols [4,5]. The consumption of nuts was encouraged by
the American Diabetes Association (ADA\) in their nutrition recommendations [6] as their benefits in
cardiovascular disease prevention [7] and glycaemic control [8] had been well established. However,
in contrast to nuts, DF may not be as easily accepted as a group of healthy food by the diabetic and
people of impaired glucose tolerance because these dried fruits are considered to be high in sugar.

Recent studies showed that DFs such as raisins were medium-to-low glycaemic index (GI)
food [9-11], and could elicit favourable physiologic responses in terms of insulin secretion and appetite
modulating hormones [12]. Raisins were also reported for their benefits to cardiovascular disease
risk factors including inflammation status, vascular endothelial functions, lipoprotein profiles [11]
and blood pressure control, when consumed as a substitution of highly processed snacks [13].
Dried plums and dried apples showed effects on lowering serum hydroperoxides, C-reaction protein

Nutrients 2018, 10, 694; doi:10.3390/nu10060694 www.mdpi.com/Zjournal/nutrients
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Exploration for the Disinfectant Method of Tomato Seed
LIU Hao', YANG Yu-qing', SHAO Yi-fei', GAO Wei*", CHEN Yong-chen', YAO Yu-feng®*

1. College of Biological Sciences and Technology/Beijing Forestry University, Beijing 100083, China

2. School of Science/Beijing Forestry University, Beijing 100083, China

Abstract: There are pathogenic microorganisms on the surface of tomato seeds, so it is necessary to sterilize for cultivating
the aseptic seedlings of tomato. The traditional disinfectant for tomato seed is mercuric chloride, but its toxicity and
sterilization principle limit the application in the laboratory and practical production. Therefore, this study developed a set of
new sterilization method by using non-toxic or low-toxic disinfectants in order to eliminate the denaturation effect of heavy
metal ions on proteins and exclude the microbial contamination, thus preparing for the exploration of growth-promoting
effect of protein on tomato. We used the orthogonal experiment, selected the suitable concentration and time gradient of three
kinds of disinfectants, mercuric chloride, sodium hypochlorite and hydrogen peroxide and explored the best sterilization
conditions with the combination of washing powder and 75% alcohol. Results show that 20% sodium hypochlorite
sterilization 5 minutes or 8% sodium hypochlorite and 1% Tween20 sterilization 1 minutes is better, but Tween20 has certain
inhibition to the weight of seedlings. Using the single factor experimental design to verify the results of orthogonal
experiment and further explore the sterilization conditions, the results show that the sodium hypochlorite sterilization has
little effects on seed germination rate and the concentration of sodium hypochlorite in 10% ~ 40% has no significant
difference. So the best way of sterilization is 10% sodium hypochlorite sterilization 5 minutes. The verification of
sterilization conditions by using protein solution finally indicates that this established tomato seed sterilization method can be
used to study the physiological function of active substances to tomato and the sterilization effect is better.

Keywords: Seed sterilization; tomato
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Strengthening the Ability of Pseudomonas putida to Accumulate PHA

from Lignin by Metabolic Engineering

GAO Qing-long' CHEN Sheng-bao' TIAN Wen-jia' ZHANG Xue-ming® MAYu-chao'

(1.College of Biological Sciences and Biotechnology, Beijing Forestry University, Beijing 100083 ; 2.College of Materials Science and
Technology, Beijing Forestry University, Beijing 100083 )

Abstract: The aim of this study is to strengthen the ability of Pseudomonas putida accumulating PHA from lignin by metabolic
engineering, and to provide technical basis and research directions for improving the conversion efficiency of lignin and the production
of PHA at low-cost but high-efficiency. The upstream and downstream DNA fragments of PHA helicase-encoding gene phaZ were inserted
into pK18mobsacB to construct the knockout vector pKISPHACIC2. The peroxidase-encoding gene dypB derived from R. jostit RHA1 were
inserted into pVLT33 to construct the expression vector pVLTpelBDYPB. The phaZ gene was knocked out from original P. putida QSR1 with
the homologous recombination, and mutant P. putida QSRZ6 was obtained. Then the peroxidase DyPB was transformed into the P. putida
QSRZ6 with the heterologous recombination, P. putida QSRZ6B with DyPB expressed was constructed. The growth and PHA accumulation of
mulant strains were analyzed. Cultured for 48 hours with glucose as carbon source under the N limited situation, the dry cell weight and PHA
accumulation of QSRZ6 increased by 29% and 80% compared with QSR1. Cultured for 48 hours with lignin, the dry cell weight and PHA
accumulation of QSRZ6 increased by 48% and 182%, as well as the PHA accumulation of P. putida QSRZ6B increased by 13% and 218%
compared with the control strain P. putida QSRZ6 and P. putida QSR1, respectively, and the yield of PHA reached 140 mg/L. The ability of
the strains utilizing lignin to accumulate PHA was enhanced by the phaZ-inactivation and the expression heterologous peroxidase, suggesting
that metabolic engineering is an effective approach for the regulation of lignin conversion and PHA accumulation.

Key words: phaZ inactivation ; lignin bioconversion ; PHA accumulation ; peroxidase expression ; metabolic engineering
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Roles of rhizospheric soil microbes of different forest stands in karst and non-
karst areas in the dissolution of calcium carbonate™
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! College of Biological Sciences and Biotechnology, Beijing Forestry University, Beijing 100083, China
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Aﬁﬁm To understand the effects of different culturable microbial communities of soils on the dissolution of calcium
carbonate rocks under different geological conditions, soil samples were collected from the rhizosphere of coniferous Pinus
yunnanensis forests and broadleaf Eucalyptus sp. forests growing in the karst and non-karst areas of Jianshui, Yunnan.
The impact of soil microbes in the karst and non-karst areas and the effect of the carbonic anhydrase secreted by them on
the process of formation of the karst topography were explored. The results revealed that the rate of dissolution of calcium
carbonate in the karst areas was higher than that of the non-karst areas, and the rate of dissolution of calcium carbonate in the
coniferous forests was greater than that of the broadleaf forests. The rate of dissolution of calcium carbonate was highest in the P.
yunnanensis forest, being nearly 5.01%, indicating that the corrosive effect of the microorganisms growing in the rhizosphere
of P. yunnanensis in the karst areas was the highest. The dissolution rate of calcium carbonate in the treatment group, to
which carbonic anhydrase inhibitors were added, was 3.6%-16% lower than the group to which carbonic anhydrase was not
added, suggesting that carbonic anhydrase accelerated the dissolution of calcium carbonate from the rocks. Thus, the microbes
thriving in the rhizosphere of coniferous forests in the karst areas enhanced the dissolution of calcium carbonate rocks and
accelerated the formation of soil, which provides a theoretical basis for further research studies exploring the driving function
of microorganisms in carbon cycling in natural ecosystems and the weathering of karst areas.

T_@W:@b carbonic anhydrase; soil microorganism; karst; dissolution; carbon cycle
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ARTICLE INFO ABSTRACT

Keywords: The seasonal cycle of growth and regression in the prostate gland of wild ground squirrel provide a unique
Morphological changes research model to understand the morphological changes of prostate glands. Our previous studies showed that
mTOR the local production of dihydrotestosterone could affect the morphology and function of the prostate gland in
Proliferation . . . . o . .

Prostate either an autocrine or paracrine manner. In the present study, we attempted to gain more insight into this process

by investigating the expression of key factors implicated in cell proliferation, apoptosis, and the cell cycle,
including mechanistic target of rapamycin (mTOR), cyclin-D2, p21, p27 and retinoblastoma 1 (pRB). Morpho-
logical and histological observations confirmed that the prostate increased significantly in both size and weight
during the breeding season. Positive immunostaining for proliferating cell nuclear antigen (PCNA) was mainly
localized to the prostate epithelial cells during the breeding season, which is significantly higher in the prostate
gland during the breeding season (2470 + 81/mm2) than that in the nonbreeding season (324 + 54/mm2).
However, there was no significant difference in the prostate gland when compared between the breeding and
nonbreeding seasons, with regards to TUNEL staining. Moreover, cell cycle regulators were mainly localized to
the epithelial cells, including mTOR, cyclin-D2, p21, p27 and pRB. the immunostaining of mTOR and cyclin D2
were stronger during the breeding season, whereas the immunostaining of p27 and pRB were stronger during the
nonbreeding season. The mRNA expression levels of mTOR, cyclin D2, and PCNA, were higher during the
breeding season while those of p27 and p21 were higher during the nonbreeding season. Collectively, this study
profiled the distinct expression pattern of key cell cycle regulators throughout the breeding and nonbreeding
seasons. Collectively, these factors may play important roles in regulating the seasonal growth and regression of
the prostatic epithelium in the wild ground squirrel.

Wild ground squirrel

1. Introduction

The prostate is a male accessory gland featuring two major cell types:
epithelial and stromal cells. Secretory cavities are surrounded by a single
layer of epithelial cells while stromal cells are dispersed between the
different layers of epithelial cells (Lee et al., 2011; Aaron et al., 2016;
Ittmann, 2018). The principal role of the prostate gland is to secrete
proteins and ions, including kallikrein-related peptidases and zinc ions
(Zn?"); these secretions help to form the seminal plasma by mixing with
other fluids from the testis, epididymis, and other accessory glands
(Hayward and Cunha, 2000; Verze et al., 2016). These molecules are
crucial for male fertility because they exert influence on sperm function
and ejaculation (Hayward and Cunha, 2000; Verze et al., 2016). In
addition, abnormalities in cell function can lead to hyperplasia and

* Corresponding author.
E-mail address: haolinzhang@bjfu.edu.cn (H. Zhang).

https://doi.org/10.1016/j.cbpa.2020.110862

tumorigenesis in the prostate. These abnormalities can also induce lower
urinary tract symptoms (LUTS) in humans (e.g. difficulty when emptying
the bladder) by causing dysfunction in the circular smooth muscle sur-
rounding the urethra that passes through the prostate gland (Barry et al.,
2017; Grayhack, 1992; Mobley et al., 2015; Sheng et al., 2019).

Under the stimulation of suitable signals, a network of intracellular
molecules is activated to drive the cell cycle and initiate cell prolifera-
tion. Mechanistic target of rapamycin (mTOR) integrates upstream sig-
nals, such as hormones and growth factors, and plays a central role in
controlling cell growth, proliferation, and survival (Laplante and Saba-
tini, 2012; Saxton and Sabatini, 2017). With an appropriate stimulus,
activated mTOR forms a protein complex with other proteins and
eventually induces cell cycle progression (Cuyas et al., 2014). The cyclic
assembly and activation of cyclin-cyclin-dependent kinase (CDK)
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abstract

Understanding how nanoparticles (NPs) interact with cell membranes is of essential importance for
developing nanomedicine and nanosafety evaluation. Such delicate process is regulated by the engi-
neered NP properties and surface coatings, but also involves membrane-associated proteins that have
been overlooked and yet to be elucidated. Given ubiquity and diversity of protein assembly occurring
on the cell membrane, here we design three types of protein assemblage associated with the membrane,
including the one-dimensional filament, two-dimensional mesh, and three-dimensional cage. Dissipative
particle dynamics simulations are performed to investigate the NP-membrane interactions under differ-
ent membrane confinement. Our results show the size dependent membrane wrapping on NPs regulated
by the protein assemblage. Depending on the relative size, geometry and mobility of the protein assem-
blage, the induced membrane confinement either promotes or suppresses the membrane wrapping on
NPs through competition of rigidifying the local membrane patch and inducing non-zero membrane cur-
vature. When the normal wrapping is prohibited, membrane protrusions are triggered by the protein
assemblage that assists the membrane wrapping on NPs from the top side. Then the NPs are trapped
inside the membrane with failed internalization. This study will aid our understanding of the molecular
mechanisms underlying the regulatory role of protein assemblage in the NP-cell membrane interactions.

© 2021 Elsevier B.V. All rights reserved.

1. Introduction

Nowadays, nanoparticles (NPs) of various properties have been
created for applications ranging from biomedicine [1-4], energy to
environmental protection [5]. In particular, NPs have shown great
potential for biomedical uses such as bioimaging [6], drug delivery
[7] and antitumor therapeutics [8]. However, the dramatic increase
in the production and use of NPs have increased the potential for
these formulations released into the environment and generating
adverse impact to human health. Understanding how NPs interact
with biological systems is thus of particular importance to ensure
safe and sustainable development of nanotechnology.

The cell plasma membrane is the primary defensive barrier
against NP invasion, and the nature of NP-membrane interactions
determines how NPs are internalized and accompanied with bio-
compatible or adverse outcomes. Therefore, continuous efforts

E-mail addresses: liye0223@bjfu.edu.cn (Y. Li), yangkai@suda.edu.cn (K. Yang),
yuetongtao@ouc.edu.cn (T. Yue)

https://doi.org/10.1016/j.mollig.2021.115990
0167-7322/© 2021 Elsevier B.V. All rights reserved.

have been made using both experimental and computational
methods to elucidate the mechanism and pathway of NP interac-
tions with the cell plasma membrane. Existing literatures have
reported the critical roles of the NP properties, such as size
[9,10], shape [11-16], elasticity [17,18], roughness [19,20],
hydrophobicity [21,22], surface charge [23-27], core material [28-
30], ligand coating and exchange [31-35], in modulation of the
NP-membrane interactions. Properties of the membrane, including
the receptor density and diffusivity [36,37], phase state [38-40],
surface tension and the bending rigidity [41,42], are also important
factors affecting the NP-membrane interactions. Acquiring coat-
ings of environmental and biological molecules that form corona
structures further complicates the nano-bio interface via introduc-
ing multiple intra- and inter-molecular interactions [43-46].
Despite much research effort, our understanding of the NP-cell
interactions is still limited due to complexity and variability of the
cell plasma membrane. Most previous studies on the NP-
membrane interactions used the lipid bilayer as a simplified model
of the cell membrane, thus overlooking the effects of other
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Abstract

Background The purpose of the experiment was to explore the localization and seasonal expression of extracellular signal
regulated kinase (ERK) in the colonic tissue of wild ground squirrels (Spermophilus dauricus).

Methods and results Hematoxylin—eosin staining, immunohistochemistry, real-time quantitative PCR and Western blotting
were used in this experiment. The histological results showed that the diameter of the colon lumen enlarged and the number
of glandular cells increased in the non-breeding season. It was found in the immunochemical results that both ERK1/2 and
PERK1/2 were expressed in the cytoplasm of goblet cells and intestinal epithelial cells, while pERK1/2 was also expressed in
the nucleus of them. The immune localization of both was more obvious in the non-breeding season, especially in intestinal
epithelial cells. Real-time quantitative PCR and Western blotting showed that ERK1/2 and pERK1/2 were seasonally highly
expressed in the non-breeding season.

Conclusions The expression of ERK1/2 and pERK1/2 was seasonal changes and had significant increases in the non-
breeding season. This study revealed that ERK1/2 had potential roles in the colon to the adaptation of seasonal changes in

wild ground squirrels.

Keywords Extracellular signal regulated kinase - Colon - Wild ground squirrel - Seasonal adaptation

Background

Extracellular signal regulated kinases (ERKSs) are important
members of the Mitogen activated protein kinases (MAPKS)
family. ERK1 and ERK2 are the first reported MAPKSs [1].
They share 84% in common and share many common func-
tions [1], so usually, they are called ERK1/2. At the level of
MRNA, ERK1/2 is often referred to as MAPK1/3.

ERK1/2 can regulate cell cycle progression, prolifera-
tion, cytokinesis, transcription, differentiation, cell death,
migration, etc. [2]. In addition to these functions, ERK1/2 is
also key enzyme in the development of the immune system,
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nervous system, memory formation, and heart development
[3-5].

ERK stimulating factors bind to receptors to activate the
Ras pathway and then interact with downstream kinase Raf.
Activated Raf binds and phosphorylates MAPKK. Activated
MAPKK phosphorylates threonine and tyrosine in the con-
served structure of Thr-Glu-Tyr (TEY) in the activation ring
of ERK1/2 and the bind to downstream substrates [6].

The target sites of ERKSs vary in location and function
and include cytoplasmic, nuclear, and membrane proteins
that encode transcription factors, RNA-binding proteins,
or signaling proteins. After receiving external stimulation,
ERK, which is widely distributed in the cell, is phosphoryl-
ated to pERK and moves toward the target. This is generally
considered to be the activation of the ERK pathway. Phos-
phatase dephosphorylates and inactivates extracellular signal
regulated kinases, thereby closing this pathway [7].

ERKs play important roles in nerve cell protection.
Activation of ERKSs is a pathway to induce the growth
of nerve axons [8]. In tumor and cancer, aspirin can pro-
mote the enhancement of TNF-related apoptosis-inducing

1=



Molecular Biology Reports
https://doi.org/10.1007/s11033-022-07426-w

ORIGINAL ARTICLE ——

®

Check for
updates

The association between several autophagy-related genes and
their prognostic values in hepatocellular carcinoma: a study on the
foundation of TCGA, GEPIA and HPA databases

Xueying Zhao! - Shangqi Yin? - Jingren Shi? - Mei Zheng? - Chaonan He? - Huan Meng? - Ying Han? - Jin Chen?
Jinyu Han? - Zhengrong Yuan'® - Yajie Wang?

Received: 10 December 2021 / Accepted: 24 March 2022
© The Author(s), under exclusive licence to Springer Nature B.V. 2022

Abstract

Background The purpose of this study was to investigate the relationship between the expression of autophagy-related genes
and prognosis in hepatocellular carcinoma (HCC).

Methods and Results We selected three autophagy-related genes (A7G3, ATG7, and ATG9A) from gene expression data
of liver cancer patients in The Cancer Genome Atlas (TCGA) database by Kaplan-Meier survival analysis, univariate and
multivariate Cox regression analysis, and Gene Set Enrichment Analysis (GSEA). Human Protein Atlas (HPA) and Gene
Expression Profiling Interactive Analysis (GEPIA) databases were applied to testify the credibility of our results. The expres-
sion levels of ATG3, ATG7, and ATGYA were verified by real-time quantitative PCR (RT-qPCR) in normal liver cells (L02)
and three HCC cell lines (HepG2, Hep3b, and Li-7). Data analysis results from TCGA showed high ATG3, ATG7, ATG9A
expression in HCC tumor tissues. Kaplan-Meier survival analysis showed that the survival rate of the high expression group
of ATG3, ATG7, and ATG9A was all significantly lower than the low expression group. GSEA analysis showed that many
signaling pathways (such as the regulation of autophagy, glycine serine and threonine metabolism, pathways in cancer,
mitogen-activated protein kinase (MAPK) signaling pathway, mammalian target of rapamycin (mTOR) signaling pathway,
as well as P53 signaling pathway) were differentially enriched in HCCs with ATG3, ATG7, and ATG9A expression. GEPIA
and RT-qPCR also identified that the mRNA expression level of ATG3, ATG7, and ATG94 in normal liver cells were sig-
nificantly lower than in HCC cells. High protein expression of ATG3, ATG7, and ATG9A was displayed in HCCs from the
HPA database.

Conclusions The ATG3, ATG7, ATG9A might be utilized as prognostic biomarkers for liver cancer.

Keywords ATG3 - ATG7 - ATG9A - Hepatocellular carcinoma - Prognosis - TCGA
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The expression of cuproptosis-
related genes in hepatocellular
carcinoma and their
relationships with prognosis

Xueying Zhao'', Jin Chen?®, Shanggqi Yin?, Jingren Shi?,
Mei Zheng? Chaonan He? Huan Meng?, Ying Han?,
Jinyu Han?, Jingjing Guo?, Zhengrong Yuan™

and Yajie Wang®
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2Department of Clinical Laboratory, Beijing Ditan Hospital, Capital Medical University, Beijing, China

Background: The mechanism of cuproptosis has recently been reported in
lipoylated proteins of the tricarboxylic acid (TCA) cycle. Besides, the role of
copper was previously recognized in cancer progression. We evaluated the
prognostic value of cuproptosis-related gene expression in hepatocellular
carcinoma (HCC).

Methods: Remarkable genes were selected both in differential expression
analysis and Kaplan-Meier survival analysis from ninety-six cuproptosis-
related genes using The Cancer Genome Atlas (TCGA) database. The
relationships between clinical characteristics and gene expression were
performed with Wilcoxon signed-rank test, Kruskal-Wallis test, and logistic
regression. Clinicopathologic factors correlated with overall survival in HCCs
conducting univariate and multivariate Cox regression analysis. Gene
Expression Profiling Interactive Analysis 2 (GEPIA2) and Human Protein Atlas
(HPA) databases were utilized to verify the results. Furthermore, Gene Set
Enrichment Analysis (GSEA) identified the potential key pathways that dominate
cuproptosisin HCC.

Results: Elevated ATP7A, SLC25A3, SC02, COA6, TMEM199, ATP6APL, LIPTL,
DLAT, PDHAL, MTF1, ACP1, FDX2, NUBP2, CIAPIN1, ISCA2 and NDOR1
expression, as well as declined AOC1, FDX1, MT-CO1, and ACO1 expression
were significantly emerged in HCC tumor tissues and were significantly
associated with HCCs poor survival. The expressions of screened
cuproptosis-related genes were prominently related to clinical features.
GSEA analysis reported many key signaling pathways (such as natural
killer cell mediated cytotoxicity, TCA cycle, glutathione metabolism, ATP-
binding cassette (ABC) transporters, Notch signaling pathway, ErbB signaling
pathway, and metabolism of xenobiotics by cytochrome p450) were

01 frontiersin.org
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ABSTRACT

Phosphorus (P) is an essential limiting nutrient which has a massive impact on soil organic carbon (SOC) dy-
namics. However, a general pattern reflecting the response of amino sugars which is an essential component of
SOC to P addition in China is unclear. We conducted a meta-analysis using 24 observations in nine research
publications to examine the changes in microbial necromass in response to P addition. The results indicated that
P addition significantly increased total microbial (total amino sugars, TAS), fungal (glucosamine, GlcN), and
bacterial (muramic acid, MurN) necromass. Effect of P addition on amino sugars depends on climate type,
ecosystem type, P addition rate and P addition duration. P input can increase galactosamine (GalN), GlcN, and
MurN in montane climate, whereas P addition only increased GalN and MurN in continental climates. Also, P
addition significantly raised GalN and MurN in forest ecosystems, especially in plantation forests. Low P addition
rates (0-50 kg P ha~! yr™!) had positive effects on GaIN and MurN. In addition, the medium P addition time
(6-10 years) significantly increased GalN, GlcN, and MurN. We also found that natural log response ratio (InRR)
of soil available nitrogen (N) was positively correlated with InRR of amino sugars suggesting that P application
alleviates N limitation and reduces the uptake of N from microbial necromass leading to increased accumulation
of microbial necromass. Unexpectedly, InRR of microbial phospholipid fatty acids (PLFAs) poorly correlated with
InRR of amino sugars. This may be due to the bias caused by not having enough observations. Limited data set
impeded our understanding of whether P-induced increase in amino sugars mainly attributable to increase in
PLFAs and underlying mechanisms. Our meta-analysis had important implications on predicting the effect of P
addition on amino sugars under different environmental conditions, providing invaluable information for soil
fertility enhancement and SOC sequestration.

1. Introduction

(Muscolo et al., 2013). However, recent studies have shown that mi-
crobial necromass can contribute >50 % to SOC and is more stable than

Through the microbial processing of plant-derived carbon (C), soil
constitutes the largest terrestrial soil organic carbon (SOC) pool which
then acts as a decisive factor in the global C-cycle (Cotrufo et al., 2013;
Lal, 2016). SOC is an essential component of the soil C pool and has an
important function in the regulation of basic soil properties and mois-
ture conditions (Zhao et al., 2022). In previous studies, it has been found
that humus accounts for >60 % of the world's soil organic matter
whereas microbial-sourced C accounts for only a tiny proportion of this

other sources (Liang et al., 2019). Since the C:N ratio of microbial
necromass is lower than that of the plant-derived organic matter, mi-
crobial necromass is an important contributor to both soil organic N and
organic C (Wang et al., 2020). Microbial necromass becomes more stable
by binding to soil agglomerates and metal ions. But, imbalance in
external nutrient conditions can promote its decomposition by micro-
organisms to meet their resource demand (Miltner et al., 2012; Solomon
et al., 2012). It means the addition of nutrients or easily degradable C

* Corresponding author at: College of Biological Sciences and Technology, Beijing Forestry University, Beijing 100083, China.
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ABSTRACT

Soil microbial resource-acquisition strategies play a crucial role in soil nutrient cycling and the accumulation of
soil organic carbon (SOC) in vegetation restoration. Despite the growing interest in soil microbial resource
limitation, the impact of lithology on microbial resource limitation and its relationship with soil carbon-
-nitrogen-phosphorus (C-N-P) stoichiometry is not well understood. Therefore, we investigated the soil C-N-P
and ecoenzymatic stoichiometry, bacterial life-history strategies, and microbial resource limitation in two
common plantation forests (Pinus yunnanensis Franch. (PY) and Eucalyptus maideni F. Muell. (EM)) in karst and
non-karst areas in southwest China. These areas are characterized by soils derived from limestone and clastic
rock, respectively. The results showed that (1) soil nutrients, SOC concentrations and ecoenzymatic activities
were significantly higher in karst plantation forests compared to non-karst, except for dissolved inorganic
phosphorus; (2) soil microorganisms in both lithology were largely co-limited by C and P in EM plantation while
the PY plantation soil in organic horizon primarily limited by P, which might be due to a much higher ratio of soil
C:P and N:P; (3) lithology affects the associations between soil C-N-P stoichiometry and microbial resource
limitation; (4) redundancy analysis showed that the ratio of C:N acquiring enzyme was a substantially predictor
for microbial resource limitation in both karst and non-karst soils; (5) karst soils had a higher proportion of
species affiliated with oligotrophs bacteria. Overall, these findings improve our knowledge of microbial resource
limitation over limestone and clastic rock and its relationship with soil C-N-P and ecoenzymatic stoichiometry, as
well as the lithology effects on bacteria life-history strategies.

1. Introduction

conditions, soil microorganisms could evolve strategies, such as
secreting specific extracellular enzymes to catalyze the degradation of

Soil organic matter (SOM) is a vital form of carbon (C) storage in
terrestrial ecosystems (Schmidt et al., 2011) and its dynamic are largely
mediated by the tradeoff between soil C-N-P stoichiometry and micro-
bial nutrient demands (Wang et al., 2022; Xu et al., 2022). Because SOM
contains considerable amounts of organic nitrogen (N), phosphorus (P),
and sulfur (S), its dynamics have a greatly contribution to the accumu-
lation of bioavailable nutrient pool and the survival and growth of mi-
croorganisms (Kirkby et al., 2011; Wallenstein & Hall, 2011), especially
in degraded ecosystems (Coban et al., 2022). Under the resource-limited

recalcitrant substrates (e.g., aminosugars, cellulose and lignin), to meet
their resource requirements and maintain homeostasis of C:N:P (Cui
et al.,, 2022a; Wang et al., 2022). For instance, microorganisms can
produce p-1,4-glucosidase (BG), p-1,4-N-acetylglucosaminidase (NAG),
and acid or alkaline phosphatase (AP) to target the acquisition of C, N
and P from SOM, respectively (Sinsabaugh et al., 2009). Furthermore,
increased SOM decomposition driven by heterotrophic microorganisms
may alleviate plant nutrient limitation, then enhancing photosynthetic C
gain and allocating more C to belowground systems (Blagodatskaya &

* Corresponding author at: College of Biological Sciences and Technology, Beijing Forestry University, Beijing 100083, China.
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1. Introduction

A computational study of the influence
of nanoparticle shape on clathrin-mediated
endocytosist

Ye Li, 2 *3¢ Man Zhang,?*° Yezhuo Zhang,?*® Xinhui Niu,2°° Zhendan Liu,*°
Tongtao Yue® and Wen Zhang?®*®

Nanoparticles have been widely used in biomedical applications such as gene/drug delivery, molecular
imaging and diagnostics. Among the physicochemical properties, shape is a vital design parameter for
tuning the cell uptake of nanoparticles. However, the regulatory mechanism remains elusive due to the
complexity of the cell membrane and multiple pathways of cell uptake. Therefore, in this computational
study, we design and clarify cell membrane wrapping on different shaped nanoparticles (sphere, rod and
disk) with a clathrin assembly to model the clathrin-mediated endocytosis, which is an important
pathway of nanoparticle cell uptake. Our simulations revealed that the clathrin-mediated endocytosis is
shape sensitive for nanoparticles. Spherical nanoparticles are easier to be wrapped by the membrane
with the self-assembly of clathrins than the other shaped nanoparticles with the same volume, and the
efficiency declines with the increase in the nanoparticle shape anisotropy. Furthermore, simulation
results showed clear evidence that rotation is one of the typical characteristics determining the kinetics
of clathrin-mediated endocytosis of shaped nanoparticles. Especially for rod nanoparticles with high
aspect ratios, nanoparticle rotation occurs in both the invagination and wrapping stages, which is
different from the case without clathrins. The size and shape mismatch between the clathrin-mediated
vesicle and the nanoparticle determines how the nanoparticle rotates and is wrapped by the membrane.
In addition, the wrapping time of nanoparticles depends not only on the shape of the nanoparticle but
also on its initial orientation and size, the rate of clathrin self-assembly and the surface tension of the
membrane. These results provide insights into the interplay between cell membrane wrapping and
clathrin assembly, where the nanoparticle shape matters. Understanding the dynamics mechanism of
clathrin-mediated endocytosis of nanoparticles will help to design targeted nanomedicines with an
improved efficacy.

such as drug/gene delivery,®? molecular imaging®* and diag-
nostic purposes.®” The process of NP internalization into the

With the development of nanotechnology, nanoparticles (NPs)
have opened new avenues for various biomedical applications
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cell is very important in most of the biomedical applications.
Clathrin-mediated endocytosis (CME) is one of the major
internalization pathways for eukaryotic cells. In previous work,
it has been reported that the uptake of numerous types of NPs
is by CME.2!! Therefore, a better understanding of how the
clathrin mediates nanoparticle (NP) endocytosis is essential for
the design of NPs as drug/gene delivery carriers.

In previous work, numerous results have indicated that
the physicochemical properties of NPs'? such as size,*8
shape,’®2 stiffness?®° and surface property®* can affect
their internalization pathway and efficiency. In particular,
experimental studies demonstrated that CME is size-dependent
internalization of NPs.* Using both microscopic imaging and
biological techniques to explore the processes of LDH nano-
particles, it was also found that NPs of size ranging from 50 nm

J. Mater. Chem. B, 2023, 11, 6319-6334 | 6319
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Abstract: The gut microbiota plays a crucial role in the nutrition, metabolism, and immune function
of the host animal. The muskrat (Ondatra zibethicus) is a typical seasonal breeding animal. The present
study performed a metagenomic analysis of cecum contents from muskrats in the breeding and
non-breeding seasons. The results indicated that the breeding muskrats and non-breeding muskrats
differed in gut microbiota structure and function. During the breeding season, the relative abundance
of phylum Bacteroidetes, genus Prevotella, and genus Alistipes increased, while the relative abundance
of phylum Firmicutes and phylum Actinobacteria decreased. The muskrat gut microbiota was
enriched in the metabolism-related pathways, especially amino acid and vitamin metabolism, and
genetically related metabolites in the breeding season. We presumed that the muskrat gut microbiota
might seasonally change to secure reproductive activity and satisfy the metabolic demands of
different seasons. This study could explore potential mechanisms by which gut microbiota affects
reproduction. Moreover, this study may provide a new theoretical basis for the management of
muskrat captive breeding.

Keywords: gut microbiota; metabolism; muskrat; seasonal breeding; metagenome

1. Introduction

The gut microbiota refers to the diverse microorganisms present in the digestive system
of animals, which plays a vital role in animal metabolism, immunity, and reproduction [1-3].
Sometimes it is called a “forgotten organ” [4]. For the past few years, depending on the
rapid development of bioinformatics, especially the rise of metagenomics, the functions of
gut microbiota are being gradually understood [5,6]. The most important function of the
intestinal microbiota is the nutritional function, providing energy to the host. Up to 35% of
the digestive and metabolic enzymes in mammals are secreted by gut microbiota [7]. The
gut microbiota is not static. It is diverse and unstable and is highly susceptible to external
environmental influences, such as food [8,9], age [10], disease [11], and living areas [12,13].
The gut microbiota of the same species can vary greatly at different times and in different
environments, which can help the host to adapt to its surroundings by influencing host
energy metabolism or other aspects.

Recently, numerous studies have revealed that animal reproduction is closely linked to
gut microbiota. Clostridium scindens American Type Culture Collection 35,704 can convert
glucocorticoids to androgens via side-chain cleavage [14]. The gut microbiota can also
be involved in gut metabolism and deglucuronidation of dihydrotestosterone (DHT) and
testosterone (T) and results in higher DHT levels in the colon of young healthy mice than
in germ-free mice [15]. Accordingly, studies for the composition and function of the gut
microbiota might be essential for further research on animal reproduction.

Seasonal breeding is a phenomenon in which some animals mate only at certain
times of the year. Seasonal breeding activity may be influenced mainly by photoperi-
odism [16]. Photoperiodic changes are sensed by the pineal gland in the brain. It secretes

Metabolites 2023, 13, 248. https://doi.org/10.3390/metabo13020248
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Genetic mechanism of interaction between Arabidopsis thaliana and the phyllosphere

microbiome by network mapping
WANG Haochen, CAI Yuhao, TAN Jingyi, WANG Ziyuan, TAN Huiwen, LI Kaihang, CHENG Kexin,

YANG Yan, JIN Yi, HE Xiaoqing "
College of Biological Sciences and Technology, Beijing Forestry University, Beijing 100083, China

Abstract: The phyllosphere microbiome is critical for plant growth and development, but the mechanism by which plants
interact with their colonizing microbiome remains elusive. At present, most studies on the interaction between plants and
microorganisms focus on the rhizosphere microbiome rather than those of phyllosphere. Moreover, these studies failed to
disentangle the mechanism of plant-microbe interactions from the perspective of microbial interaction. In this study, based
on the network mapping theory, we correlated the Arabidopsis thaliana genome SNP ( Single Nucleotide Polymorphisms )
molecular marker data with the microbiome network indices, mined the pivot genes that affected the phyllosphere
microbiome network structure to explore the genetic mechanisms how A. thaliana shaped the network structure of
phyllosphere microbiome. We analyzed 188 A.thaliana and their phyllosphere microbiome data, identified the hub microbes

under four relationships, and screened 622 significant SNP loci. By Bayesian genetic network, 26 hub genes were
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ABSTRACT

COBRA-Like (COBL) genes encoding a plant-specific glycosylphosphatidylinositol (GPI) anchored protein, which
have been proven to be key regulators in the cell expansion process and cellulose crystallinity. However, the
function of COBL genes remains to be further elucidated in Pinus tabuliformis. We analyzed the P. tabuliformis
genome and identified 15 COBL genes, which were anchored on 12 chromosomes and divided into three sub-
groups. Furthermore, we selected four COBL genes to explore their expression patterns in different seasons. The
quantitative PCR results showed that COBL genes were mainly highly expressed in the active stage. Meanwhile,
we analyzed the P. tabuliformis at different ages, and the expression level of the COBL genes in adult P. tabu-
liformis was much higher than that in juvenile. Most importantly, we found that PtCOBL12 overexpression in
Arabidopsis thaliana improved plant growth and increased the cellulose content and relative crystallinity. Under
drought stress, the germination rate and root length of transgenic plants were significantly higher than those of
wild-type. Single-particle tracking analysis results showed that the particle velocity, dwell time, and motion
range of PtCOBL12 on the plasma membrane increased significantly under drought conditions. Taken together,
these results further clarify the molecular mechanism of COBL genes in the growth and development of conifers
and provide a new view of the molecular dynamic model of COBL genes in response to drought stress.

1. Introduction

controlling plant morphogenesis and expansion, establishing the me-
chanical properties of organs, providing mechanical support, and

Green plants convert CO; through photosynthesis into fixed carbon,
which accumulates in cell wall complexes and thus becomes the most
abundant source of renewable energy and terrestrial biomass (Lamp-
ugnani et al.,, 2018; Zhang et al., 2021a, 2021b; Rao et al., 2017).
Nevertheless, the cell wall remains one of the least understood cell
structures in plant research. The plant cell wall provides many important
biological functions during plant growth and development, including

resisting biotic and abiotic stress (Somerville, 2006; Zhang et al., 2021a,
2021b; Doblin et al., 2002; Liu et al., 2013). The plant cell wall is a
flexible network consisting of cellulose, hemicellulose, pectin, and
glycoprotein (Hoffmann et al., 2021). Then, with secondary growth,
lignin progressively deposits throughout the secondary walls (Huang
et al., 2021). The primary plant cell wall is a scaffold that surrounds
plant cells and is composed of a variety of dynamically regulated

Abbreviations: COBL, COBRA-Like; P. tabuliformis, Pinus tabuliformis; GPI, glycosylphosphatidylinositol; CSC, cellulose synthase complex; CESA, cellulose synthase;
WT, wild-type; VA-TIRFM, variable angle-total internal reflection fluorescence microscopy; CDS, coding sequence; N-J method, Neighbor joining method; HMM, EF1-
o, Hidden Markov Modelselongation factor 1-a; MS, Murashige and Skoog; qPCR, quantitative PCR; BC1, Brittle Culm1; CBM, carbohydrate-binding module; SNP,

single nucleotide polymorphism.
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Abstract: Adventitious bud regeneration is an effective means of rapid propagation of plants, which
can be used in the study of plant development and genetic transformation. It can be divided into
direct and indirect adventitious bud regeneration. Of the two kinds of adventitious bud regeneration
mentioned, indirect adventitious bud regeneration includes callus formation in vitro and organ
regeneration. In the process of callus formation, some cells acquire the pluripotency of tissue
regeneration, which is the key to regeneration of adventient buds. It is not clear which molecular
processes and genetic factors are involved in establishing cellular pluripotency. The object of the
study is hybrid sweetgum (Liquidambar styraciflflua x L. formosana). At present, the reproductive
efficiency of hybrid sweetgum is low and the reproductive cycle is long. Improving its reproductive
efficiency by improving the differentiation speed of callus may be a decent approach. In order to
explore the mechanism of pluripotency acquisition during forming hybrid sweetgum callus, we
used RNA-seq to perform transcriptomic analysis of the regenerable calli (RC) and non-regenerable
(NRC) calli of hybrid sweetgum. A dataset of differentially expressed genes (DEG) was obtained and
several genes probably involved in bud formation were analyzed to explain the molecular processes
of acquiring and maintaining pluripotency. In this study, a total of 665 significantly expressed DEGs
were identified in the RC and NRC of hybrid sweetgum, among which, 585 differentially expressed
genes were up-regulated and 80 differentially expressed genes were down-regulated. GO, KEGG
analysis and gRT-PCR results showed phenylpropanoid is a key factor regulating the bud regeneration
of hybrid sweetgum; WOX1, WOX11, BGLU12 and BGLU13 were also important regulatory factors.
These results provide a pivotal reference point for future sweetgum propagation research.
Keywords: hybrid sweetgum; WOX;
phenylpropanoid biosynthesis

regenerable calli; differentially expressed genes;

1. Introduction

Plant regeneration refers to the process wherein damaged cells, tissues or organs re-
spond by self-repair or structural replacement. The basis of regeneration is the pluripotency
of plant cells. Pluripotency refers to the ability of cells or tissues, that already have a certain
form and function, to exhibit a variety of other forms and functions due to changes in inter-
nal or external conditions. Adventitious bud regeneration is not only an effective means of
rapid propagation of plants, but can can be used in the study of plant development and
genetic transformation. The study of adventitious bud regeneration may be beneficial in
cultivating rare species. Adventitious bud regeneration usually goes through four stages:
the acquisition of cell pluripotency, the formation of a primary meristem of a bud, the
establishment of a restrictive bud primordium, the germination and elongation of a bud.
Many plant explants cultured in vitro have the ability to regenerate buds, roots, etc., and
the related genetic regulation mechanism also attracts our attention.

Forests 2023, 14, 1833. https://doi.org/10.3390/f14091833

https://www.mdpi.com/journal/forests



2 HEAGLR

BIOTECHNOLOGY BULLETIN 2023, 39(3):13-25

- RSB -

EMHEETRELR T REBENHRER

BHs BRE K XL WsE FuEw
(dEmMl K2 YR E S E R A MART RN S A BB L FE TRV O MK e T M E P E S SLGE WARIEA T A T
FEE ZEMROD AN R B 5002, JbaT 100083 )

4

W OE. BEMURELHDORESAMR, CHFEHREDME LK, TFR, REFRRRMET STHE T REN
T, fm5 Mo EmBsat, SSEEHBREL ALV BELESTFAMFHARLIN, BREWELE 5Z 5 RERIE,
OAERIBBMFES | LIEBREFTRABHEZRAGMEAFR ., Rz s, &FrHFH T4 microRNAs £ 445 52 EH oAt
FPALRIEE XA, AL EZWRT HEHRER T AL ;a3 LI, I BT AR B A7 69 BF 50 IR A B R R BF
ROGE ST @HATT BELHREAZ,

KGR . EFHRE; KEBHREIET ; MEBZKES ; #£FH T ; microRNAs

DOI : 10.13560/j.cnki.biotech.bull.1985.2022-0865

Advances in the Development and Regulation of Vascular Cambium
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Abstract: The vascular cambium, part of the secondary lateral meristem, contributes to the lateral growth of a plant. In recent years,
many studies have strengthened our understanding of the vascular cambium. However, we still know far less about the vascular cambium than the
apical meristem. Genetic and molecular studies have revealed that the proliferation and differentiation of cambium is regulated by many factors,
including long-distance hormone signals, short-range peptide signals, and interactions between them. In addition, a large number of transcription
factors and microRNAs also play a crucial role in the regulation of the vascular cambium activities. This review focuses on the novel discoveries
on the development of vascular cambium and its regulation of proliferation and differentiation. The review also summarizes the current research
and prospects for future research in this field.

Key words: vascular cambium; long-distance hormone signaling; short-range peptide signal; transcription factor; microRNAs
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Simple Summary: Wild Daurian ground squirrels (Spermophilus dauricus) breed only a few months
out of the year, a behavior known as seasonal breeding. Despite the gut microbiota being an essential
“organ” of animals, little is understood about how they relate to seasonal breeding. In the present
investigation, metagenomic sequencing techniques were employed to examine the diversity of
gut microbiota in wild Daurian ground squirrels across different breeding seasons. The findings
indicate notable variations in the gut microbiota’s structure and function among wild Daurian ground
squirrels during different seasons. This study may provide an in-depth discussion of how seasonal
reproduction affects gut microbes and aid in analyzing how changes in gut microbes act on the host.
This study could provide new insights into the seasonal reproductive behavior of animals as well as
a new theoretical basis for the study of gut microbiology.

check for Abstract: The Spermophilus dauricus, the wild Daurian ground squirrel, is known to exhibit seasonal
updates breeding behavior. Although the importance of gut microbiota in animal digestion, metabolism,
and immunity is well-established, the correlation between gut microbiota and seasonal breeding in
this species remains inadequately explored. In the present study, using metagenomic sequencing
technology, the compositions and functions of the gut microbiota of wild Daurian ground squirrels in
different breeding seasons were explored. The dominant gut microbial phyla were Firmicutes and
Bacteroidetes. The Firmicutes were predominant in the breeding season, whereas Bacteroidetes were

Citation: Song, F.; Ma, S.; Zhang, Y,;
Yang, X.; Zhang, H.; Han, Y.; Liu, Y,;
Gao, F.; Yuan, Z. Seasonal Variation in
Gut Microbiota of the Wild Daurian
Ground Squirrel (Spermophilus
dauricus): Metagenomic Insights into

Seasonal Breeding. Animals 2023, 13, predominant in the non-breeding season. At the genus level, Lactobacillus accumulated during the
2235. https://doi.org/10.3390/ breeding season, whereas Odoribacter and Alistipes increased during the non-breeding season. GO
ani13132235 (Gene Ontology) and KEGG (Kyoto Encyclopedia of Genes and Genome) annotations indicated that

genes in gut samples were highly associated with metabolic functions. The differential expression
gene analysis showed that genes related to the phosphotransferase system, cysteine, and methionine
Received: 15 May 2023 metabolism were highly expressed during the breeding season, whereas the non-breeding season
Revised: 8 June 2023 upregulated genes were enriched in starch and sucrose metabolism and bacterial chemotaxis path-
Accepted: 20 June 2023 ways. In conclusion, this study could provide a reference for investigating gut microbiota in seasonal
Published: 7 July 2023 breeding animals and offer new insight into gut microbial function.
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Currently, developing natural macromolecule-based liquid foam with high foaming performance remains a
challenge. This study demonstrated that zinc ion coordination (16:1 mass ratio of peptide to ZnSO4) considerably
improved the foaming performance of oat peptides (OP), a 75-min hydrolysate of oat globulin. In particular, the
coordination complex (OM-Zn; 10 mg/mL) of the 3-10 kDa peptides (OM) and zinc ion exhibited foaming ability
and half-life (t;,2) of 190.3% and 30.6 h, respectively, with its t;/» 15.7-fold longer than that of OP. Further
investigations revealed that zinc coordination induced OM assembling into high-amphiphilic (88.5°of fo/w) and
low-surface charge (—6.5 mV) supramolecules through the formation of coordinate and hydrogen bonds,
allowing the OM-Zn particles to have high apparent viscosity (64.7 Pa s), shearing resistance, and interface
absorption capacity (30.2 nN of adhesion). Compared to egg white (11% protein), OM-Zn (1% protein) had (a
1.3-fold) larger foaming volume and stronger foaming fabricability. Meanwhile, the OM-Zn foam could also
absorb and release hydrophobic and hydrophilic molecules, and the rifampicin-loaded OM-Zn foam effectively
released the drug to 62% in 30 h, superior to currently drug-loaded nano-systems. These findings implied the
potential of OM-Zn as a foam for food and drug delivery and established a groundwork for using green peptide-

based functional foam as a substitute for their synthesized counterparts.

1. Introduction

Foam is known to have unique physicochemical properties, such as
huge expansion volume, high spreadability, and high drug-loading ca-
pacity (Hoc & Haznar-Garbacz., 2021). These properties allow it to have
crucial applications in food processing and clinical treatment fields.
Foams provide an ideal texture and unique puffy mouthfeel to foods
such as whipped cream, cakes, and beer (Cristofolini et al., 2018).
Clinically, foams have been used as protective or therapeutic agents for
topical medical applications, for example, minoxidil foams for hair fol-
licle absorption and polyvinyl alcohol foams for skin burns (Blume--
Peytavi et al., 2010). However, liquid foams have a thermodynamically
unstable system, with low mechanical strength (Malysa & Lunken-
heimer, 2008). This poses a challenge to achieve highly stable and
sustained foams. Currently, most foaming agents used are chemically
synthetic, igniting safety worries about food and drug foams.

Food-sourced proteins easily crosslink into the high-viscosity
network because of their long chain and amphiphilic structure and
thus are generally used as a foam stabilizer. Among these foam stabi-
lizers, soy protein, broad bean protein, egg white protein, and casein are
the most used (Nicorescu et al., 2011). However, most proteins have a
spherical conformation and therefore have poor solubility and uneasily
exposed amphiphilic groups, which lead to low foaming performance.
Various protein-modifying methods are currently used to improve the
functional properties of the aforementioned proteins (Teklehaimanot &
Emmambux, 2019). Chemical modifications, such as acid-base treat-
ment, phosphorylation, and glycosylation, improve protein functional-
ities. However, researchers are losing interest in these methods owing to
the safety concerns for consumers. Physical modification methods
commonly involve protein denaturation and partial hydrolyses, such as
preheating, ultrasonication treatment, and limited enzymatic digestion
(Agyare et al., 2009; Schmitt et al., 2007; Shi et al., 2020). These

* Corresponding author. P.0.112, 35Qinghua East Road, Haidian District, Beijing, 100083, China.
** Corresponding author. School of Light Industry, Beijing Technology & Business University (BTBU), Beijing, 100048, China.
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In this study, we inserted a dynamic chemical reaction system that can generate CO3 into Janus hydrogel (JH) to
develop a multidimensional preservation platform that integrates hygroscopicity, antibacterial activity, and
modified atmospheric capacity. The double gel system developed using sodium alginate/trehalose at a 1:1 ratio
effectively encapsulated 90% of citric acid. Furthermore, CO, loss was avoided by separately embedding
NaHCOs/cinnamon essential oil and citric acid microcapsules into a gelatin pad to develop JH. Freeze-dried JH

exhibited a porous and asymmetric structure, very strongly absorbing moisture, conducting water, and rapidly
releasing CO2 and essential oils. Furthermore, when preserving various fruits and vegetables in practical settings,
JH provided several preservation effects, including color protection, microbial inhibition, and antioxidant
properties. Our study findings broaden the application of JH technology for developing chemical reaction sys-
tems, with the resulting JH holding substantial promise for cold chain logistics.

1. Introduction

Hunger is a serious global challenge, with 800 million people
worldwide not having enough food to eat presently; despite this, one-
third of the global food is wasted without being consumed because
perishable food gets spoilt and loses its freshness during or shortly after
distribution from the farm to the retailer (Gao, 2019). This issue is
particularly evident in fresh agricultural products such as fruits and
vegetables, in which approximately 40%-50% of them are wasted each
year (Jung et al., 2020). At present, with an increase in e-commerce,
small palletized packages are commonly utilized in cold chain logistics
to preserve fruits and vegetables; however, moisture accumulation and
mold problems in packages are serious concerns; these issues are owing
to increased mechanical damage, lighting, and temperature fluctuations
(Loisel et al., 2021; Tao et al., 2023). Fruits and vegetables are

commonly preserved using metabolism management (cold chain, com-
posite coating, ethylene scavenging, deoxygenation, and modified at-
mosphere packaging [MAP]) and microbial growth control
(hygroscopicity and antibacterial agents) strategies (Dai et al., 2024;
Gomes et al., 2023; Zhong, Zhang, Tang, Adhikari, & Ma, 2023). How-
ever, these strategies are comparatively single and cannot simulta-
neously cope with several issues of moisture accumulation, freshness
loss, and mold growth in postharvest fruits and vegetables (Che et al.,
2022; Xu et al., 2022). Therefore, multidimensional and highly adapt-
able preservation technologies are urgently warranted.

Janus hydrogel (JH) is a type of gel material with an asymmetric
(anisotropic) morphological structure or chemical composition (Tian,
Jin, Sainio, Ras, & Ikkala, 2014). At present, owing to its excellent
physicochemical and biological properties, including unique surface
functionality and liquid transport behavior, JH is applied in various

Abbreviations: CA, critic acid; CEO, cinnamon essential oil; EB, elongation at break; FTIR, fourier transform infrared; JH, Janus hydrogel; MAP, modified at-
mosphere packaging; SA, sodium alginate; SEM, scanning electron microscopy; RR, respiration rate; TS, tensile strength; TG, thermogravimetric Analysis.
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ABSTRACT: The internalization of nanoparticles is of great
significance for their biological applications. Clathrin-mediated
endocytosis (CME) is one of the main endocytic pathways.
However, there is still a lack of a fundamental understanding
regarding the internalization of multiple nanoparticles via CME.
Therefore, in this study, we conducted computational inves-
tigations to uncover detailed molecular mechanisms and kinetic
pathways for differently shaped nanoparticles in the presence of
clathrin. Particular focus is given to understanding the CME of
multiple-nanoparticle systems. We found that unlike receptor-
mediated endocytosis, multiple nanoparticles did not get
cooperatively wrapped by the membrane but tended to undergo
independent endocytosis in the presence of clathrin. To further

investigate the endocytosis mechanism, we studied the effects of clathrins, nanoparticle shape, nanoparticle size, nanoparticle
arrangement, and membrane surface tension. The self-assembly of clathrin prefers independent endocytosis for multiple
nanoparticles. Besides, the cooperative behavior is weak with increasing nanoparticle-shape anisotropy. However, when the
membrane tension is reduced, the endocytosis pathway for multiple nanoparticles is cooperative endocytosis. Moreover, we found
that the self-assembly of clathrins reduces the critical size of nanoparticles to undergo cooperative wrapping by the cell membrane.
Our results provide valuable insights into the molecular mechanisms of multiple nanoparticles through CME and offer useful
guidance for the design of nanoparticles as drug/gene delivery carriers.

1. INTRODUCTION

Nowadays, with the development of nanotechnology, nano-
particles (NPs) are widely used as drug/gene delivery
carriers.*® To promote delivery efficiency, designing strategies
for nanoparticle (NP) properties to enhance drug/gene
delivery at specific cellular organelles by taking advantage of
the endocytosis pathways is very important. The characteristic
properties of NPs, such as NP size,/~** NP shape,**~*" NP
stiffness,"®~?* and the surface properties of NPs**??=% have
been shown to influence their uptake efficiently and internal-
ization pathways. NPs as drug/gene delivery carriers usually
enter the cell via penetration,®’ fluid-phase endocytosis,*®
clathrin-mediated endocytosis (CME),***° receptor-mediated
endocytosis,**~* micropinocytosis,** caveolin-mediated endo-
cytosis,* or lipid raft-mediated endocytosis.***® Understand-
ing the internalization pathway is very important for the design
of NPs as a drug/gene delivery carrier.

CME is one of the main pathways for NPs to enter into
cells,®” which is dependent on NP size***° It has been
reported that NPs with sizes of 100—200 nm enter cells via
clathrin- or caveolae-mediated pathways and those of 250 nm
to 3—5 um via phagocytosis or micropinocytosis.*® Moreover,

© 2024 American Chemical Society

<7 ACS Publications 9785

the shape of the NP also affects its internalization pathway.'>**

It has been found that NPs with elongated shapes lead to
greater cellular uptake and increased circulation times.** Rod-
shaped gold NPs have a higher cellular uptake profile than
spherical gold NPs of similar size.**** For receptor-mediated
endocytosis, simulation results demonstrated that both NP size
and shape modulated the kinetics of endocytosis.™** For
spherical NPs, there exists an optimal size at which endocytosis
takes the shortest time.”> The NP shape can influence its
endocytosis pathways. Cong et al. have revealed that the use of
nanorods was found to restrict the uptake by healthy cells but
allowed cancer cells to take up the nanorods via the
macropinocytosis pathway.’® For CME, Zhu et al. have
shown that NP morphology can determine their binding
specificity during CME.*” The transportation efficiencies of
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ABSTRACT

Lithology strongly influences soil microbial traits and edaphic factors and in turn soil organic carbon (SOC)
dynamics. However, the effect of lithology on microbial traits, edaphic factors and resulting SOC physical
fractions variation along soil depth remains inadequately understood in karst faulted basin of China. This un-
derstanding is critical for improving SOC stability. By separating SOC into labile particulate organic carbon
(POC) and stable mineral-associated organic carbon (MAOC) over karst limestone and non-karst shale soil in a
subtropical coniferous forest, we aimed to assess potential regulatory mechanisms underlying lithology-
associated SOC stability variations across soil depth by integrating soil nutrients, mineralogical characteristics,
and microbial traits. We found that SOC and its fractions were higher in limestone than in shale soil, which
implying vegetation restoration effects on SOC and its fractions partly depending on lithology. Additionally, we
found that the effects of soil depth on SOC and its fractions were greater in limestone soils than shale soils, and
the ratios of MAOC to SOC (MAOC:SOC) and MAOC to POC (MAOC:POC) show a opposite trend in response to
soil depth between two the lithologies. Variation partitioning and random forest analyses revealed that among
multiple factors, the variation of SOC stability assessed via MAOC:SOC was mainly explained by microbial traits
than soil nutrients and mineral properties. Contrast to soil depth, structural equation modeling analyses showed
that lithology was the primary factor controlling the SOC stability when microbial traits, soil nutrients and
mineralogical characteristics were controlled as conditional variables. Overall, these results highlight the crucial
role of lithology in regulating the SOC stability along soil depth, which improve our understanding and man-
agement of soil carbon (C) pool in karst faulted basin of southwest China.

1. Introduction

China, increased forestation projects have a remarkable impact on
vegetation restoration as well as soil quality improvement which in turn

Globally, soils constitute the largest reservoir of terrestrial organic C,
so that even small variations in soil C pool may have a significant im-
plications for global climate change (Jackson et al., 2017). Karst land-
scapes, with their unique mineralogy and hydrology, play a critical role
in the global carbon cycle under climate changing, thus acting as sig-
nificant carbon sinks in mitigating climate change (Tang et al., 2024;
Tong et al., 2018; Zhang et al., 2022). In karst regions of southwest

promotes SOC sequestration (Chen et al., 2022; Tong et al., 2018).
Recently, several studies have demonstrated significant differences in
soil C sequestration, as affected by a long-term vegetation restoration
during last two decades, between karst and non-karst forests in south-
west China, with faster and greater C sequestration occurring in the karst
region (Hu et al., 2022; Yang et al., 2023; Zhu et al., 2022). The
inconsistent patterns may be attributed to differences in surficial
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ABSTRACT

Of the total land worldwide, 43 % is phosphorus (P)-constrained, which is significantly greater than the pro-
portion of nitrogen-constrained land (18 %). However, there are some uncertainties regarding the responses of
enzyme activities to P addition on a global scale. We collected data from 99 publications and performed a meta-
analysis to assess the responses of 11 extracellular enzymes, including carbon, nitrogen, and phosphorus
acquisition enzymes, and oxidases. P addition significantly increased the activities of -1, 4-glucosidase, sucrase,
cellobiohydrolase, and alkaline phosphatase, while lowering the activities of acid phosphatase and phosphodi-
esterase. The responses of enzyme activities to P addition differed considerably across the three ecosystems
(forest, grassland, and cropland). P addition significantly decreased the activities of acid phosphatase, phos-
phodiesterase, and P-acquisition enzymes in forests, but increased the activities of leucine aminopeptidase,
carbon acquisition enzymes, and nitrogen acquisition enzymes in grasslands. Sucrase, $-1,4-glucosidase, N-
acetyl-p-glucosaminidase, alkaline phosphatase, and carbon acquisition enzymes were significantly stimulated in
croplands. In addition, all P addition rates significantly increased the activity of alkaline phosphatase, a P-
acquisition enzyme, in croplands. Ca(H2PO4)2 had a greater effect on enzyme activity than other fertilizer types,
possibly because Ga* can improve the soil structure and enhance microbial metabolic activities. Furthermore,
structural equation models revealed that mean annual precipitation and ecosystem type had significant impacts
on the response of P-acquisition enzymes, but no factor could directly influence the response of carbon-
acquisition enzymes. Our investigation of enzyme activities in response to P addition complements the
biogeochemical model and helps forecast soil nutrient dynamics. We propose that rather than focusing on a
single factor, P fertilizer addition programs should take into account the effects of mean annual precipitation,
ecosystem type, and nutrient interactions, which could also reduce P pollution.

1. Introduction

According to research, 43 % of the total terrestrial surface area is
P-limited, whereas only 18 % is N-limited (Du et al., 2020). P addition

Phosphorus (P) is an essential nutrient for the growth and develop-
ment of flora and fauna in terrestrial ecosystems (Elser et al., 2007).
Human actions over the last century, such as the use of fossil fuels and
agricultural fertilization, have increased P inputs into terrestrial eco-
systems (Galloway et al., 2008). However, the imbalance in nitrogen (N)
and P inputs indicates that terrestrial ecosystems are more likely to be
P-limited. In contrast to the varied input pathways of N, soil P is mainly
derived from rock weathering and volcanic ash (Penuelas et al., 2013).

can ease P deficiency and influence plant growth by altering nutrient
uptake belowground and nutrient reabsorption aboveground, conse-
quently modifying soil nutrient stoichiometry (Oldroyd and Leyser,
2020; Xia et al., 2023). Changes in the type and quantity of nutrients
have an important impact on microbial community composition,
growth, and activity (Xu et al., 2022; Yu et al., 2024). Soil microor-
ganisms play key roles in the terrestrial ecosystem, such as regulating
climate, improving plant abiotic stress tolerance, controlling soil
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Rare microbial taxa as the major
drivers of nutrient acquisition
under moss biocrusts in karst
area
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Saman Herath?3 and Xiawei Peng45*
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Karst rocky desertification refers to the process of land degradation caused
by various factors such as climate change and human activities including
deforestation and agriculture on a fragile karst substrate. Nutrient limitation
is common in karst areas. Moss crust grows widely in karst areas. The
microorganisms associated with bryophytes are vital to maintaining ecological
functions, including climate regulation and nutrient circulation. The synergistic
effect of moss crusts and microorganisms may hold great potential for restoring
degraded karst ecosystems. However, our understanding of the responses of
microbial communities, especially abundant and rare taxa, to nutrient limitations
and acquisition in the presence of moss crusts is limited. Different moss habitats
exhibit varying patterns of nutrient availability, which also affect microbial
diversity and composition. Therefore, in this study, we investigated three habitats
of mosses: autochthonal bryophytes under forest, lithophytic bryophytes under
forest and on cliff rock. We measured soil physicochemical properties and
enzymatic activities. We conducted high-throughput sequencing and analysis of
soil microorganisms. Our finding revealed that autochthonal moss crusts under
forest had higher nutrient availability and a higher proportion of copiotrophic
microbial communities compared to lithophytic moss crusts under forest or
on cliff rock. However, enzyme activities were lower in autochthonal moss
crusts under forest. Additionally, rare taxa exhibited distinct structures in all
three habitats. Analysis of co-occurrence network showed that rare taxa had
a relatively high proportion in the main modules. Furthermore, we found that
both abundant and rare taxa were primarily assembled by stochastic processes.
Soil properties significantly affected the community assembly of the rare
taxa, indirectly affecting microbial diversity and complexity and finally nutrient
acquisition. These findings highlight the importance of rare taxa under moss
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Advances in Technology for Transport of Monolignols across

Membrane

MAO Xin-yi LAN Yun ZHANG Zhun ZHANG Ye-zhuo JIN Qi ZHAO Mei-qi ZENG Zi-cheng LI Ye

(1. State Key Laboratory of Tree Genetics and Breeding, College of Biological Sciences and Technology, Beijing Forestry University, Beijing
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Abstract: As an important renewable resource, lignin is mainly deposited in the secondary cell wall of vascular plants and plays an
important role in physiological processes such as nutrient transport, mechanical support, and plant pathogen defense. The formation of lignin
can be divided into three processes: Intracellular synthesis, transmembrane transport and extracellular polymerization of monolignols. Exploring
the transmembrane transport mechanism of monolignols is of great significance for revealing the mechanism of cell wall formation and wood
improvement.. In this review, we sorted and summarized the relevant progress and latest technologies of monolignols transmembrane transport
from the perspectives of transcriptomics, genetic engineering, click chemistry, fluorescence microscopy, and molecular simulation. Then we
described the new technologies and existing technical bottlenecks in the research on monolignol transmembrane transport. In addition, we
compared and analyzed the advantages and disadvantages of different technologies. Finally, we proposed the issues and challenges in the
study of the mechanism of monolignols transmembrane transport. It is believed that the rapid development of imaging technology, structural
biology, artificial intelligence and other technologies will provide new tools for further investigating the transmembrane transport mechanism of
monolignols. This review is expected to provide new methods for the study of monolignols.

Key words:  monolignols; membrane transport; click chemistry; molecular simulation; fluorescence microscopy
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Abstract

Copperinduced cell death is a novel mechanism of cell death, which is defined as cuproptosis. The increasing level of copper can produce
toxicity in cells and may cause the occurrence of cell death. Several previous studies have proved that cuproptosis has a tight association with
various cancers. Thus, the discovery of relationships between cuproptosis-related genes (CRGs) and human cancers is of great importance.
Pan-cancer analysis can efficiently help researchers find out the relationship between multiple cancers and target genes precisely and make
various prognostic analyses on cancers and cancer patients. Pan-cancer web servers can provide researchers with direct results of pan-cancer
prognostic analyses, which can greatly improve the efficiency of their work. However, to date, no web server provides pan-cancer analysis about
CRGs. Therefore, we introduce the cuproptosis pan-cancer analysis database (CuPCA), the first database for various analysis results of CRGs
through 33 cancer types. CuPCA is a userfriendly resource for cancer researchers to gain various prognostic analyses between cuproptosis
and cancers. It provides single CRG pan-cancer analysis, multi-CRGs pan-cancer analysis, multi-CRIncRNA pan-cancer analysis, and mRNA-
circRNA-IncRNA conjoint analysis. These analysis results can not only indicate the relationship between cancers and cuproptosis at both gene
level and protein level, but also predict the conditions of different cancer patients, which include their clinical condition, survival condition, and
their immunological condition. CuPCA procures the delivery of analyzed data to end users, which improves the efficiency of wide research as

well as releases the value of data resources.

Database URL.: http://cupca.cn/

Introduction

Copper is a crucial trace element necessary for cardiovas-
cular, neural, and immune system functions [1]. It plays a
significant supportive role in various life processes by main-
taining homeostasis [2]. Copper-dependent cell death occurs
when copper directly binds to lipoylated components of the
tricarboxylic acid (TCA) cycle [3, 4]. This can lead to var-
ious types of cell death, such as apoptosis and autophagy,
primarily through mechanisms like antiangiogenesis, protea-
some inhibition, and accumulation of reactive oxygen species
[5]. This unique type of copper-induced regulated cell death is
called cuproptosis [6]. Cuproptosis is related to cancers since
unbalanced Cu homeostasis can affect tumor growth and may
cause irreversible damage to cancer cells. Thus, cuproptosis
can be used for developing effective cancer therapies, and the
expression of CRGs is of great importance in cancer therapy
research. Pan-cancer studies have identified many genes that
are frequently somatically altered across multiple tumor types,

suggesting that pathway-targeted therapies can be deployed
across diverse cancers [7, 8].

Pan-cancer analysis can help researchers discover the rela-
tionship between multiple cancers and target genes precisely
and efficiently. Some databases have provided gene data for
tumor and normal samples through various cancer types,
such as The Cancer Genome Atlas (TCGA, https://portal.
gdc.cancer.gov/) and the exoRBase database (http:/www.
exorbase.org/). The data from these databases are down-
loaded and become the resource that we need, and there
are various analyses that we can carry out through them,
such as differential expression analysis, clinical analysis, cor-
relation analysis, patient survival analysis, immune function
analysis, and conjoint analysis. With the use of pan-cancer
analysis, web servers can provide direct and convenient infor-
mation to cancer researchers, which may help improve their
experimental progress. For example, the Ferritin Database
[9] (FerrDb) is a database for markers and regulators of

Received 2 May 2024; Revised 13 June 2024
© The Author(s) 2024. Published by Oxford University Press.
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Abstract

Gramineous biomass is an excellent source of polysaccharide-based prebiotics. However, there are shortages of the prepa-
ration process due to just xylooligosaccharide (XOS) were exploited, only specific particles from crushed materials were
selected and a single concentration of ethanol precipitate were collected. Herein, Bacillus subtilis S1702 fermented wheat
bran, 121 °C autohydrolysis with 0.75 M citric acid assistance, 20, 50, 60, and 80% ethanol precipitation were successively
adopted to obtained fractions WB20, WB50, WB60, and WB80. It was demonstrated that the combined process including
incubation at 37 °C for 36 h by 13% incubation dose, followed by acid-assisted autohydrolysis for 30 min at a solid:liquid
ratio of 1:5 (w/v, g/mL), induced the feruloylated arabinoxylan yield of 340.00+0.95 mM, which was significantly higher
than those of only autohydrolysis (220.25+1.18 mM) or fermentation and then autohydrolysis without acid assistance
(120.76 £1.32 mM) (p <0.05). Furthermore, treatment by WB60 with moderate mass ratio of ferulic acid (FA) to glucan
and arabinoxylan being 1:187 showed strong in vitro prebiotic activity based on highest total short-chain fatty acid output,
the greatest ratios of butyric acid/acetic acid and Bifidobacteria/Escherichia-Shigella, which was better than those of admin-
istration of commercial XOS without FA, WB80 (1:136) and WB50 (1:218) with too higher or lower FA ratio. WB20 with
the lowest FA ratio of 1:664 contained different complex polysaccharides and improved gut microbial diversities better than
that of XOS. Overall, an appropriate concentration of ethanol precipitate with proper proportion of polyphenols to polysac-
charides can improve gut redox imbalance better than purified or simple polysaccharides. This study will lay the foundation
for making full use of bran prebiotic by using green technology.

Keywords Wheat bran - Fermentation and autohydrolysis - Gradient ethanol precipitation - Different mass ratio of ferulic
acid to glucan and arabinoxylan - In vitro prebiotic efficacy evaluation

1 Introduction

Gramineous biomass is an abundant bioresource for produc-
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of bran prebiotics [3], which cloud break ether bonds while
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ABSTRACT

The development of new drug therapies for Alzheimer’s
disease (AD) is an important research topic today, but
the pathogenesis of AD has not been thoroughly studied,
and there are still several shortcomings in existing drug
therapies. Therefore, this study aimed to explore the mo-
lecular mechanism of lactoferrin (LF) in the treatments of
AD and ulcerative colitis (UC) that is susceptible to AD,
starting from the principle of one drug, two diseases, and
the same treatment. This study used pathological staining
and specific indicator staining to preliminarily evaluate
the interventions of LF on UC injury and AD progres-
sion. We also used 16s RNA full-length sequencing to
investigate the effect of LF on the abundance of intes-
tinal microbiota in AD mice. Intestinal tissue and brain
tissue metabolomics analysis were then used to screen
specific metabolic pathways and preliminarily verify the
metabolic mechanism of LF in alleviating the 2 diseases
by regulating certain specific metabolites. Moreover, LF
significantly changed the types and abundance of gut
microbiota in AD mice complicated by UC. To conclude,
this study proved the clinical phenomenon of AD suscep-
tibility to UC, and verified the therapeutic effect of LF on
2 diseases. More importantly, we revealed the possible
molecular mechanism of LF: Not only does it enrich the
cognitive level of LF in alleviating AD by regulating
the gut microbiota through the brain gut axis from the
perspective of the theory of food nutrition promoting
human health, but it also provides a practical basis for
the subsequent research and development of LF and drug
validation from the perspective of drug food homology.
Key words: Alzheimer’s disease, ulcerative colitis,
lactoferrin, intestinal microbiota, brain-gut axis
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INTRODUCTION

As a common neurodegenerative disease, the patho-
genesis of Alzheimer’s disease (AD) involves the abnor-
mal hydrolysis of B-amyloid precursor protein, which
leads to the growth of amyloid B-protein (AP) and causes
extracellular deposition of AP to form amyloid plaques.
This alteration adds to the content of phosphorylated
proteins and accumulates in neurons to form neurofibril-
lary tangles. The increasing levels of AP and Tau protein
(microtubule-associated protein tau, Tau protein) can
activate microglia in the brain, further damaging neurons
and synapses (Zhang and Qing, 2017; Zhai and Wang,
2023). As AD progresses, patients experience a range
of symptoms, such as progressive cognitive decline and
gradual losses of memory, socialization, and mobility
(Duyckaerts et al., 2009; Reiman et al., 2020; Yamazaki
et al., 2019). The genetic factor is one of the critical ele-
ments influencing the development of AD; for example,
the apolipoprotein E gene is the most significant genetic
risk factor that may contribute to AD (Holstege et al.,
2022). Because of the rising aging population and inci-
dence of Alzheimer’s disease, today’s society and health-
care system face a great challenge. According to relevant
studies and surveys, the AD prevalence in those aged
60 years and older is 3.9% in China (Jia et al., 2020);
between 2000 and 2019, the number of AD deaths in the
United States increased by 145% (Alves etal., 2023). The
high disability rate of AD reduces the quality of patients’
survival and puts their lives at serious risk. Meanwhile,
AD also brings serious economic and nursing care dif-
ficulties to patients’ families and society.

Compared with the healthy population, AD patients
are more susceptible to ulcerative colitis (UC). Ulcer-
ative colitis is classified as a modern intractable disease
by the World Health Organization and has a complex
etiology; its common symptoms include diarrhea and
stomachache, among others (Wang and Tian, 2007). The
specific pathogenesis of UC is unclear, as it is difficult
to cure, recurs easily, and patients may develop cancer in

The list of standard abbreviations for JDS is available at adsa.org/jds-abbreviations-24. Nonstandard abbreviations are available in the Notes.
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Abstract

Background: Clinically, patients with dementia are at high risk of developing enteritis,
especially those with AD. This study explored the potential therapeutic benefits of
bamboo leaf flavonoids (BLF) for ulcerative colitis (UC) treatment in Alzheimer's dis-
ease (AD) mouse model.

Methods: Various methods were employed, including pathological staining of brain/
colon tissue, inflammatory cytokine detection in serum, and oxidative stress indica-
tor assessment to compare ulcerative enteritis (UC) injury in normal and AD mice and
determine whether AD mice were susceptible to colitis. Then, the effects of BLF on
UC and AD were investigated via several unique indices further to determine whether
it alleviated colitis injury and possessed beneficial properties. Moreover, four main
components of BLF were utilized to treat primary colon epithelial cells and neuron
cells to compare their effects in alleviating inflammation and oxidation. Furthermore,
homoorientin embedded with ursolic acid was detected by HPLC and the in vitro re-
lease simulation experiments of the nanoparticles were performed.

Results: BLF complexes positively impacted ulcerative colitis by reducing disease ac-
tivity, it also helped to reduce inflammation. Moreover, the BLF complexes decreased
oxidative stress in the brain and colon tissues, indicating its potential as a neuropro-
tective agent. The flavonoid complexes reduced the expression levels of GFAP, Iba-
1, and Ap in the brain tissue, highlighting its role in attenuating neuroinflammation
and AD pathology. Additionally, the embedded homoorientin coated with ursolic acid
showed stronger bioactivities when compared with the uncoated group.

Conclusion: These results suggest that BLF complexes and its four main chemicals
may be useful for treating AD- and UC-related complications, the embedded ho-

moorientin coated with ursolic acid even demonstrated stronger bioavailability than

The first two authors contributed equally as the first authors.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,

provided the original work is properly cited.

© 2024 The Authors. CNS Neuroscience & Therapeutics published by John Wiley & Sons Ltd.
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ABSTRACT

Flavonoid compounds are considered important components of new sources of natural antioxidants. This study
was performed to optimize the ultrasound-assisted extraction processes of flavonoids from date plum persimmon
(DPP) fruits, along with the in vitro antioxidant capacities and identities of those components. First, the effects of
liquid/solid ratio, ethanol concentration, extraction time, and extraction temperature on flavonoid yields were
investigated by independent variables analysis. Then the response surface methodology was used to optimize the
extraction process, and the maximum flavonoid content was 3.05 £+ 0.03 mg/g DW under the conditions of
liquid/solid ratio 27:1 (mL/g), 74 mL ethanol/100 mL, extraction time 27 min, and extraction temperature
80 °C. Moreover, by DPPH and ABTS assays, the crude extracts of flavonoids in DPP fruits exhibited robust
scavenging capacities with ICso values of 1.76 and 0.82 pg/mlL, respectively. In addition, 17 bioactive com-
pounds of DPP were isolated and identified by HPLC-ESI-QTOF-MS/MS, among which two were phenolic acid
derivatives, two were flavanones, eight were flavones, four were pentacyclic triterpenoids and one was xanthone.
This study provided information regarding the phytochemical composition and functional properties of DPP

fruits, supporting future research to facilitate the development and utilization of DPP as a functional food.

1. Introduction

Reactive oxygen species (ROS), such as the superoxide anion (03),
hydrogen peroxide (H202), and hydroxyl radicals (OH.), are highly
reactive molecules that contain oxygen. As natural byproducts of normal
cellular metabolism, they play essential roles in normal physiological
processes, such as redox regulation of protein phosphorylation, ion
channels, transcription factors, and signaling molecules within cells
(Brieger, Schiavone, Miller, & Krause, 2012; Moloney & Cotter, 2018).
However, excessive ROS accumulation can be harmful to cells and tis-
sues. ROS accumulation beyond the antioxidant defense system capacity
can cause oxidative stress, which is associated with conditions such as
cancer, cardiovascular diseases, neurodegenerative disorders, and aging
(Valko et al., 2007; Zuo, Zhou, Pannell, Ziegler, & Best, 2015). There-
fore, the maintenance of ROS balance is important for overall health.

Cells have evolved natural ROS defense systems involving antioxi-
dants (e.g., vitamins C and E, and glutathione) and enzymes such as
superoxide dismutase, catalase, glutathione peroxidase, and thioredoxin
(Gao et al., 2014; Jomova et al., 2023). In addition to the natural ROS

* Corresponding author.

defense systems, dietary antioxidants may play key roles in maintaining
overall health by supporting the body’s antioxidant defenses. Flavonoids
are among the most abundant dietary antioxidants found in common
human diets.

Flavonoids constitute a group of natural compounds with a benzo-y-
pyrone structure, which are widely distributed in plant-based foods such
as fruits, vegetables, tea, red wine, and dark chocolate. The antioxidant
properties of flavonoids are derived from their ability to scavenge and
neutralize ROS by donating an electron or hydrogen atom to stabilize
free radicals. In addition to their antioxidant properties, flavonoids have
been associated with numerous health benefits, including lower risks of
chronic diseases (Jain, Desai, Sharma, & Marwal, 2021). They also
exhibit anti-inflammatory (Rakha et al., 2022), antimicrobial (Aiyegoro
& Okoh, 2010), antidiabetic (Jain et al., 2021), antiallergic (Rakha,
et al., 2022), antiviral (Russo, Moccia, Spagnuolo, Tedesco, & Russo,
2020), and antiaging activities (Masaki, 2010). Because of the remark-
able effects on human health, flavonoid compounds are considered
important components of a well-balanced diet and new sources of nat-
ural antioxidants.

E-mail addresses: HaozeWu@bjfu.edu.cn (H. Wu), Wenrui0710@gmail.com (W. Zhao), jiajunzhou@bjfu.edu.cn (J. Zhou), xxqiao026@163.com (X. Xie),
zhongxinyul1l1@163.com (X. Zhong), yjliubio@bjfu.edu.cn (Y. Liu), linglingshi2005@bjfu.edu.cn (L. Shi).
1 Haoze Wu and Wenrui Zhao made contributions to this article equally and should be considered as co-first authors.
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Abstract: De novo root regeneration is the process by which adventitious roots form around the
wound site from wounded or detached plant organs. The de novo root regeneration process has been
widely exploited in cutting technology used for vegetative propagation. Here, we employed detached
leaf explants from Arabidopsis thaliana to form adventitious roots for studying the process of de novo
root regeneration. GUS staining showed that the expression of CLAVATA3/EMBRYO SURROUNDING
REGION-RELATED26(CLE26) was gradually increased surrounding the wound site of leaf explants
during adventitious root formation. Semi-thin sections further showed that the expression pattern of
CLE26 was closely linked to the formation of adventitious roots. Next, genetic analyses confirmed
that the CLE26 gene was involved in de novo root regeneration. Furthermore, RNA sequencing (RNA-
seq) of the leaf explants revealed that stress-related genes might be involved in CLE26-mediated
adventitious root formation. Specifically, genes associated with the hydrogen peroxide catabolic
process and oxidative stress response were predominantly upregulated in the cle26 mutant. In
contrast, genes involved in the response to salicylic acid were largely downregulated in the cle26
mutant. Overall, our study indicates that the mutation in CLE26 might upregulate the expression of
genes involved in reactive oxygen species metabolism or suppress the expression of genes associated
with salicylic acid synthesis, thus promoting the formation of adventitious roots. These findings
suggest that CLE26 is a potential candidate for the genetic improvement of adventitious rooting in
cuttings.

Keywords: de novo root regeneration; Arabidopsis; leaf explants; adventitious root; CLE26; reactive
oxygen species; salicylic acid

1. Introduction

De novo root regeneration is a common phenomenon in many plant species when
detached organs encounter suitable conditions [1-6]. This process refers to the formation
of adventitious roots from wounded or detached organs [7-9], which has been widely
exploited in horticulture, agriculture, and forestry for a long time, such as cuttings. De
novo root regeneration can be divided into three phases [10,11]. In Phase I, wounding,
environmental, and developmental signals induce rapid auxin biosynthesis. In Phase Il,
auxin production in mesophyll cells transports to regeneration-competent cells (procam-
bium or its nearby parenchyma cell in leaf explants). In phase 11, auxin triggers the cell
fate transition of the regeneration-competent cells to form adventitious roots [10,11]. The
first-step cell fate transition is from regeneration-competent cells to root founder cells [9].

Int. J. Mol. Sci. 2024, 25, 13156. https://doi.org/10.3390/ijms252313156
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ABSTRACT

Seasonal reproduction is a widely used breeding strategy in wildlife, especially vertebrates inhabiting temperate
regions. Generally, ambient temperature is considered a significant factor influencing the reproductive status of
animals. In the present study, wild ground squirrels (Spermophilus dauricus), typical seasonal breeders, were used
as an animal model to investigate the mechanism behind the impact of low ambient temperature on testicular
function. To simulate the winter environment of wild ground squirrels, we lowered the temperature gradient in
the rearing environment to 4 °C. At sampling, the body surface temperature of the squirrels reared under normal
ambient temperature (22 °C, NAT group) and the low ambient temperature (4 °C, LAT group) were 31.5 °C and
22.8 °C, respectively. Subsequently, we conducted immunohistochemical assays, qPCR, and enzyme-linked
immunosorbent assays (ELISA) to examine the variations in testicular functions, as well as the dynamics and
functions of mitochondria, in the squirrels of NAT and LAT groups. As a result, the levels of positive immuno-
staining for PCNA, P21, and P27 were significantly lower in the testes of LAT group, while the levels of im-
munostaining for Cleaved Caspase-3 and TUNEL were significantly higher. In addition, the low-temperature
treatment reduced the expression level of steroidogenesis-related genes, including LHR, FSHR, GATA-4, P450scc,
and P450arom, and decreased the testosterone concentration. Moreover, markers of mitochondrial fission and
fusion, DRP1 and MFNZ2, respectively, were increased in the testes of LAT group. Additionally, the mRNA level of
SOD1 was notably higher in the testes of LAT group. In conclusion, the low ambient temperature inhibited
spermatogenesis, steroidogenesis, as well as mitochondrial dynamics and functions in the testes of wild ground
squirrels.

1. Introduction

teraiensis), common voles (Microtus arvalis), and many other small
mammals including ground squirrels and bats, have evolved a range of

Wild mammals inhabiting the temperate zone develop a variety of
strategies to adapt to the harsh environment during winter, and one
successful reproductive strategy they employ is seasonal breeding. This
strategy ensures the survival and optimal growth of offspring in habitats
with sufficient food resources and suitable conditions (Jimenez et al.,
2015). Temperature and photoperiod are significant environmental
factors that exert a profound influence on seasonal reproduction. The
environmental temperature plays a critical role in regulating the energy
balance of individuals, which, in turn, affects their reproductive
behavior and physiology (Bronson, 2009). Many wild animals, such as
orange-crowned warblers (Vermivora celata), terai tree frogs (Polypedates

adaptive behaviors in response to winter temperatures (Borah et al.,
2019; Geiser, 2013; Horton et al., 2010; van Rosmalen et al., 2021).
These behaviors include crouching, lethargy, and hibernation. More-
over, the reproductive organs and functions of wild animals also change
significantly with temperature changes. However, the mechanism un-
derlying the effect of low ambient temperature on the reproductive
system is still unclear.

Mammalian testes are the paired organ of the male reproductive
system, which is composed of seminiferous tubules and connective tis-
sue (Leeson and Cookson, 1974). The testis essentially performs two
functions: spermatogenesis and steroidogenesis (Cyr, 2016). The

* Corresponding authors at: Laboratory of Animal Physiology, College of Biological Science and Technology, Beijing Forestry University, Beijing 100083, China.
E-mail addresses: haolinzhang@bjfu.edu.cn (H. Zhang), giangweng@bjfu.edu.cn (Q. Weng).
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Research Progress in the Regulation of Protein Post-translational

Modification in Plant Vesicle Transport

GENG Ruo-han WANG Bing-he XU Chang-wen QIAN Hong-ping LIN Jin-xing CUI Ya-ning
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Engineering Research Center, Beijing 100083; 3. Key Laboratory of Bioengineering of Tree and Flower Breeding, National Forestry and
Grassland Administration, Beijing 100083; 4. College of Biological Sciences and Biotechnology, Beijing Forestry University, Beijing 100083 )

Abstract:  Post-translational modifications ( PTMs ) of proteins refer to a series of chemical modifications that occur after protein
synthesis, significantly affecting the structure, localization, stability, and function of proteins. In cell biology, PTMs play a crucial role in nearly
all cellular signaling pathways and regulatory networks, particularly in vesicle trafficking, a critical process for intracellular material transport.
Vesicle trafficking involves multiple steps, including vesicle formation, transport, and fusion. In this process, the correct modification and
localization of proteins are essential for vesicle formation and transport direction. We first introduce the roles and classifications of several
important protein PTMs. Subsequently, we systematically summarize the research progress of protein PTMs in vesicle trafficking, providing
important references for revealing the molecular mechanisms of intracellular vesicle trafficking and deepening the study of membrane protein
biological functions. In the future, we should further explore the specific mechanisms of protein PTMs in plant vesicle trafficking, and how
these mechanisms affect plant growth, development, and environmental adaptability. This study will provide new strategies and methods for

plant genetic improvement and stress-resistant breeding, is conducive to increasing crop yield and quality, and enhancing plants’ adaptability
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Abstract

In plants, cytoskeletal proteins assemble into dynamic polymers that play numerous roles in diverse fundamental cellular
processes, including endocytosis, vesicle trafficking, and the spatial distribution of organelles and protein complexes. Plant
elicitor peptides (Peps) are damage/danger-associated molecular patterns (DAMPs) that are perceived by the receptor-like kinases
PEP RECEPTOR 1 (PEPR1) and PEPR2 to enhance innate immunity and inhibit root growth in Arabidopsis (Arabidopsis thaliana). To
date, however, there is little evidence that the actin cytoskeleton of the host cell participates in DAMP-induced innate immunity.
Here, we demonstrated that the actin cytoskeleton alters the Pepl-triggered immune response. In addition, dual-color total
internal reflection fluorescence-structured illumination microscopy (TIRF-SIM) showed that PEPR1 diffusion on the plasma
membrane is closely related to the actin cytoskeleton. We performed single-particle tracking to quantify individual protein
particles and found that the actin cytoskeleton notably regulates PEPR1 mobility and cluster size. More importantly, we
demonstrated that actin filament reconfiguration is sufficient to inhibit Pepl-induced internalization, which alters the immune
response. Taken together, these findings suggest that the actin cytoskeleton functions as an integration node for Pepl signaling
and PEPR1 endocytosis.

Introduction were altered in response to treatment with the brassinosteroid
24-epibrassinolide (eBL) (Lanza et al. 2012). Likewise, the density
or abundance of actin filaments is elevated in cotyledons after in-
oculation with pathogenic Pseudomonas syringae pv. tomato
DC3000 (referred to as DC3000 hereafter) (Henty-Ridilla et al.
2013). Thus, biotic and abiotic signaling cascades produce a
myriad of responses that can lead to dramatically different out-
comes for actin organization and dynamics.

In addition to the physiological importance of actin organiza-
tion and dynamics, actin filaments in eukaryotic cells also play
a major role in endocytosis, especially of cell surface proteins in
plant signaling cascades (Planade et al. 2019). Some recent studies

Underlying the architectural complexity of plants are diverse cell
types that, under the microscope, clearly reveal relationships be-
tween cell structure and specialized functions (Masumoto et al.
2021; Sparks and Rasmussen 2023). The cortical cytoskeleton
has long been the subject of research and observation (He et al.
2020; Rivera et al. 2023). The actin cytoskeleton is highly con-
served among all eukaryotes and plays fundamental roles in the
regulation of a variety of cellular processes (Arieti and Staiger
2020; Banerjee et al. 2020). In plant cells, the actin filament repre-
sents a dynamic platform for detecting and rapidly responding to

a diverse collection of biotic and abiotic stimuli (Wang et al. 2022;
Goldy and Caillaud 2023). Extensive biochemical and cell biologi-
cal research confirms that the nature and timing of changes in ac-
tin arrays range from an increase in filament abundance, to
extensive bundling, to massive depolymerization, depending on
the responding cell type and the nature of the received signal.
For example, displacement and skewness of actin filaments

report that the actin system is critical for the internalization
of plant plasma membrane (PM) proteins during intracellular
trafficking (Wang et al. 2019). For example, pharmacological stud-
ies have demonstrated that actin depolymerization strongly re-
duces receptor-mediated endocytosis (RME) of the bacterial
flagellin receptor FLAGELLIN-SENSING 2 (FLS2) within minutes
of inoculation with the synthetic peptide flagellin 22 (flg22)
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Histological and histochemical characterization of the musk gland
in forest musk deer (Moschus berezovskii): a preliminary study
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Musk is a biologically valuable secretion from the musk gland of male musk deer, with significant economic
and medicinal importance. Due to severe decline and depletion of wild musk deer population, captive breeding
of musk deer has become the primary approach for sustainable musk production. So far, the histological struc-
ture and secretion mechanism of the musk gland remain incompletely understood. In this study, we employed
histological and immunohistochemical (IHC) techniques, along with three-dimensional (3D) tissue reconstruc-
tion, to systematically analyze the cellular composition and secretory functions of the musk gland in forest
musk deer (Moschus berezovskii). Our results revealed that the musk gland was primarily composed of acinar
structures containing two distinct glandular cell (GC) types based on the histological observation. IHC results
showed type I glandular cells (GClIs) predominantly expressed GALNT7 while type II glandular cells (GCllIs)
mainly expressed BMP6. The 3D reconstruction demonstrated structural heterogeneity along the gland's longi-
tudinal axis, with the proportion of the acinar area varying between 40% and 65%. This is the first time that a
detailed 3D view of musk gland in forest musk deer has been shown, which provides essential histological
insights into musk gland function in this species. These preliminary observations may provide useful ground-
work for future investigations into the regulatory mechanisms of musk secretion.

ABSTRACT

Key words: forest musk deer; musk gland; immunohistochemistry; tissue structure; three-dimensional recon-
struction.
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