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Abstract

Royal jelly (RJ) is widely reported to have anti-hypertensive effects. As the most abundant
RJ protein, the function and mechanism of major royal jelly protein 1 (MRJP1) regulating blood
pressure still remains largely unknown. Hence, a cellular model that vascular smooth muscle
cells (VSMC) of mouse with delivered mrjpl was created to investigate the functionality and
mechanism of MRJP1 modulating hypertension. Consequently, mrjpl was expressed at both
RNA and protein levels. MRJP1 significantly reduced VSMC contraction, migration and
proliferation, suggesting its vital roles in decreasing hypertension. To achieve such function, the
proteome setting of mouse VSMC was changed. Among 675 differential proteins of 6,380
identified (3,058 groups), 646 were down-regulated. They were significantly enriched essential
pathways implicated in muscle filament sliding, actin filament polymerization and assembly, and
ATPase activity, which manifests the fact that the diminished VSMC contraction and migration
drive the reduction of blood pressure. The significantly enriched carbohydrate/nucleoside
metabolic processes, RNA splicing and transport by the down-regulated proteins indicate the
lowered VSMC proliferation lessens blood pressure. The data gain functional and mechanistic
understanding of MRJP1 in anti-hypertensive activity in VSMC via a new genetic model. This
offers a promising avenue to control hypertension by gene-therapy approach using bee-products.

Keywords: Major royal jelly protein 1; Vascular smooth muscle cell; Hypertension
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Introduction

Cardiovascular diseases (CVDs) severely jeopardize human health and victimize the largest
number of people (17.5million deaths per year) among all diseases worldwide ™. Particularly,
hypertension, one of the major causes for CVDs, was assessed the leading risk factor for global
disease burden 2. Vascular smooth muscle cells (VSMCs), the main cellular constituents of
blood vessels, are localized in the tunica media and control vascular contraction/relaxation, thus
determining blood pressure 1. Normally, there are two types of VSMCs in blood vessels,
proliferating or contractile ones. The differentiated VSMCs from proliferating to contractile type
usually happen with the high expression of specific marker genes, including smooth muscle actin
o (aSMA), smooth muscle protein 22a (SM22) and calponin® ®°l. Therefore, the VSMC
contractile ability can be determined by the expression levels of these markers. Also, the VSMC
proliferating ability is closely related to blood pressure regulation®l. The increasing number of
VSMC:s in blood vessels is regarded as a major contributor to the thickness of the blood vessel
wall in vascular remodeling, which is a major driving force of increasing contraction in blood
vessels, thus in turn driving the blood pressure to be up regulated 1. Consequently, VSMC
contraction and proliferation are widely referred to as the key elements that regulate the blood
pressure. Moreover, abnormal proliferation and migration of VSMCs may eventually result in
atherosclerosis [® 1, another severe cardiovascular disease that also has a close relationship to
hypertension. It is known that blood pressure can also be regulated by endogenous and/or
exogenous molecules in vivo 1% 1. This provides potentials to regulate VSMC contraction,
proliferation and migration using specific molecules, such as genes and proteins, for the safe and
effective treatment of hypertension.

Royal jelly (RJ), a well-known functional food secreted by the hypopharyngeal and
mandibular glands of honey bee workers, has documented wide ranges of biological activities in
promoting human health, including anti-hypertension, anti-tumor, anti-infectious and anti-
oxidative effects *1. It is known that proteins are the main constituents of royal jelly, accounting
for more than 50% of its dry weight. Particularly, major royal jelly proteins (MRJPs) 1-9 are >80%
of the protein components, among which MRJP1 is of the highest abundance, consisting
approximately 31% of the MRJPs and 48% of the water soluble proteins in RJ with a molecular
weight of 55-57 kDa [*3*31, Given the importance of MRJP1 for honeybee biology and human
health promotion, several works have characterized the biochemical nature of MRJP1 in recent
years 112161 For honeybees, continuous ingestion of RJ is required for the formation of queen
from larva, in which MRJP1 plays the dominate role in determination of larval fate, either



developing into queen or worker bees ], indicating that MRJP1 is the most pivotal functional
composition in RJ. In regards to the regulation of hypertension, it is reported that enzymolysis
fragments of RJ proteins are capable of down regulating blood pressure in hypertensive animal
models (& 21 however the specific component works are still unknown. Only very recently work
reports that glycosylated MRJP1 has a potential in regulating the blood pressure 2, How and
which specific MRJPs, however, regulate blood pressure at cellular and molecular levels still
remain to be discovered.

Viral vectors are commonly used as robust tools in delivering specific genes into the
mammalian cells, which are characterized by high efficiency, low toxicity and strong targeting
120 Thus, it is usually applied as a promising channel in the area of gene therapy to treat human
diseases . To fill the knowledge gap of how MRJP1 functions in control of blood pressure, the
present work was performed in the aim of illuminating the function and mechanism of blood
pressure regulation by the expressed MRJP1 in the mouse VSMC genome by integrated mrjpl
gene (A. m. ligustica). This offers a potentially new avenue to treat the hypertension disease
using natural bee products.

Results
Lentivirus can deliver mrjpl into mouse VSMC genome

In an effort to deliver mrjplinto the mouse VSMC genome, the coding sequence (CDS) of
mrjpl (A. m. ligustica) was inserted into the multiple cloning site of the lentiviral vector as shown
in Fig.1A. The successfully transduced VSMCs by the lentivirus were able to express EGFP
(Fig.1B). The CDS of mrjp1 was amplified by PCR and visualized on agarose gel. As expected,
no band was found in the control VSMCs (Fig.1C). Comparing to EGFP, the mRNA expression
level of MRJP1 was slightly higher but without a statistically significant difference. Noticeably,
melting curve was performed to ensure the specificity of MRJP1 mRNA amplification (Fig.1D).
In the mrjpl CDS delivered VSMCs, the unique peptides (LTSNTFDYDPK and
EALPHVPIFDR) of MRJP1 were detected by LC-MS/MS analysis and searched against the
protein database of Apis mellifera (Fig.1E). In contrast, no such peptides of MRJP1 were found
in the control VSMCs, indicating mMRNA of mrjpl gene can be translated into the corresponding
protein of MRJP1 in VSMCs. Altogether, the CDS of mrjpl gene was able to be integrated into
the VSMC genome and transcribed into mRNA that was finally translated to MRJP1.

Expressed MRJP1 inhibits mouse VSMC contraction
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To determine the role of MRJP1 regulating VSMC contractibility, a collagen gel
contraction assay was performed for control and MRJP1 expressed VSMCs. The contraction
index of MRJP1 expressed VSMC was significantly lower than that of the control, showing that
the contractibility of mouse VSMC was down-regulated by MRJP1 (Fig.2A). Moreover, the
expression levels of aSMA, SM22 and calponin (Fig.3B) by Western blotting analysis showed
that all these VSMC markers that determine VSMC contraction and differentiation were found
to be significantly down regulated in MRJP1 expressed VSMCs. In addition, aSMA expression
in VSMC was significantly down regulated by MRJP1 through an immunofluorescence assay.
Altogether, mouse VSMC contractibility was reduced by MRJPL.

Expressed MRJP1 decreases mouse VSMC migration

To compare the VSMC migrating abilities between control and MRJP1 expressed VSMCs,
a wound healing assay was applied. The migration indexes of MRJP1 expressed VSMC were
significantly reduced after 6 h and 12 h relative to those in the control, respectively (Fig.2C),
indicating MRJP1 could suppress the migrating ability of mouse VSMC.

Expressed MRJP1 hinders mouse VSMC proliferation

To examine the function of MRJP1 in regulating VSMC proliferating ability, a cell number
counting assay for control and MRJP1 expressed VSMCs was carried out. The cell numbers of
MRJP1 expressed VSMC at 24 h, 48 h and 72 h were significantly reduced relative to controls
(Fig.2B). Moreover, the expression level of proliferating cell nuclear antigen (PCNA) in MRJP1
expressed VSMCs was significantly reduced compared to controls by Western blotting analysis
(Fig.3B). This evidence suggests that mouse VSMC proliferative ability is inhibited by MRJPL.

Expressed MRJP1 in mouse VSMC significantly alters its proteome setting

To determine the proteome setting change by the expression of MRJP1, a state of the art
MS-based proteomics was performed. Subsequently, 6,380 proteins (3,058 protein groups) were
identified in both control and MRJP1 expressed VSMCs, 675 ones (after redundancy removal)
were found to have significantly altered their expression levels (fold change > 1.5 and p < 0.05).
Noticeably, among those 675 differential proteins between two samples, 646 were down-
regulated in MRJP1 expressed VSMCs whereas only 29 were up-regulated. By GO term
categorization, the down-regulated proteins were significantly enriched into 31 major functional
groups containing 148 pathways. For instance, pathways of muscle filament sliding, regulation
of actin polymerization or depolymerization and glycosyl compound metabolic process were
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included. However, the up-regulated proteins were only significantly enriched into one pathway
(the pathway of mineral absorption). The expression levels of specific markers of VSMC and
PCNA also showed similar trends as they did in the Western blotting analysis. Specifically, the
expression level of aSMA, calponin and PCNA were found significantly down-regulated in
MRJP1 expressed VSMCs in both proteomics and Western blotting analysis. SM22, or transgelin,
was significantly down-regulated by Western blotting analysis. Instead, SM22 homolog, or
transgelin-2, was significantly down-regulated in proteomics analysis (Fig.3A).

Expressed MRJP1 in mouse VSMC induces down regulation of blood pressure pathways

related to VSMC contraction, migration and proliferation

To elucidate the mechanism of MRJP1 regulating VSMC functionalities, a series of
bioinformatic tools were used based on a list of differentially expressed proteins. Furthermore,
these proteins were significantly enriched to pathways related to VSMC contraction, including
muscle filament sliding (p=0.028019) and myosin-actin filament sliding (p=0.041833).
Meanwhile, the functional group relevant to VSMC contraction and migration was also found
significantly enriched with actin filament activity. The leading term of actin filament activity
was “regulation of actin polymerization or depolymerization (p=7.38x10)”. Furthermore,
pathways closely related to VSMC proliferation, including carbohydrate/nucleoside metabolism,
RNA splicing and RNA transport, were significantly enriched. The leading terms of these groups
were “glycosyl compound metabolic process (p=2.91x101%)”, “spliceosome (p=1.51x10"12)”
and “nucleic acid transport (p=3.97x107)”, respectively (Fig.4B). All the significantly enriched
pathways were shown in Table S4. For the down-regulated proteins in the PPI networks, 109
terms were significantly involved (Table S5). Especially, terms related to VSMC proliferation,
including “glycosyl compound metabolic process (g=0.00028)”, “mRNA splicing, via
spliceosome (g=0.015)”, “nucleic acid transport (q=0.00016)" and ATPase activity (q=0.0012),
were significantly enriched (Fig.5B, D, F & H). The important down-regulated proteins in some
essential pathways were highlighted by KOBAS mapping in Fig.5A, C, G & I and shown in the
network by NetworkAnalyst (Fig.5E).

Discussion

Hypertension is one of the major risk factors resulting in many CVDs and other diseases in
humans 22, RJ is a well-known natural product that benefits human health. Albeit plenty of
reports claim that RJ has a potential function in resisting against hypertension [ the specific
functional components and working mechanisms still have remained to be discovered. To this
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effect, we created a model system by cloning the CDS of mrjpl (A. m. ligustica) into mouse
VSMC by the lentivirus, which successfully expressed MRJP1 in mammalian cells. Using our
established model, we performed wide ranges of functional analysis to elucidate whether MRJP1
can regulate the blood pressure in mammalian cells. This was achieved by the down-regulated
contraction, migration and proliferation in MRJP1 expressed mouse VSMCs. These observations
indicate that MRJP1 displays significant roles in controlling blood pressure. This is in
accordance with our finding that the purified MRJP1 from RJ displays anti-hypertensive effects
by treating mouse VSMCs 2, To investigate the mechanism of introduced MRJP1 regulating
VSMC functions, high resolution and accuracy MS-based proteomic approach was applied to
quantify the proteome changes. Interestingly, > 90% of differential proteins were down-
regulated by expression of MRJP1 into mouse VSMCs. Those down regulated proteins
significantly enriched to a wide array of pathways closely relevant to VSMC contraction and
migration, these observations suggest that introducing MRJP1 into VSMC can significantly
down regulate the blood pressure via reduction of the functionality of a cell’s contraction,
migration and proliferation.

Many severe cardiovascular diseases, including hypertension and arteriosclerosis, result
from abnormal contraction, migration and proliferation of VSMC’s. In blood vessels, VSMC’s
maintain vascular tone and determine blood pressure via vessel constriction/dilation. The
contractile VSMCs, which are non-proliferative and fully differentiated, is usually indicated by
the expression of several specific marker genes at high levels, such as aSMA, SM22 and calponin
451 Briefly, asSMA, the major and specific isoform of actin expressed in VSMCs, is responsible
for VSMC contraction. An aSMA deficiency can result in decreased contractibility of VSMCs
and hypotension in mice 224, SM22 is a calponin-related protein that is specifically expressed
in adult smooth muscle 1, which is functionally important in maintaining the contractibility and
mobility of VMSC [?¢1. Meanwhile, calponin, identified as thin filament-binding protein, is
considered to serve in the role as contractile apparatus and cytoskeleton of SMC 21, Hence,
expression levels of such VSMC specific marker genes are key to determining the VSMC
differentiating and contractile ability %8l In our study, the reduced VSMC contractibility and
down-regulated expression levels of aSMA, SM22 and calponin in MRJP1 expressed VSMC are
indicative of the fact that MRJP1 is functionally important for down-regulating blood pressure
by decreasing VSMCs contractile phenotype. Moreover, VSMCs, with higher migrating and
proliferative ability tend to constitute thicker blood vessel walls of higher lumen/media ratios,
posing risk to hypertension and arteriosclerosis 2%, The significantly reduced migrating and

proliferative abilities in the MRJP1 expressed VSMCs are a manifestation that MRJP1 plays key
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roles to inhibit VSMC growth, and thus this provides sound evidence in the treatment of
hypertension and arteriosclerosis using the specific proteins in RJ. It is reported that the over
expression or knockout/knockdown of certain genes or proteins in VSMCs can result in up or
down regulation of blood pressure [*1: 3031 However, most genes or proteins discussed above
are endogenous molecules. Here MRJP1 is an exogenous protein transferred into VSMCs,
suggesting that the encoding protein of MRJP1 in VSMCs has biological activities in mammalian
cells. MRJP1 is the most abundant protein in RJ, which is secreted by the hypopharyngeal gland
of nurse honeybee workers in order to feed the larvae and queen bees [, As a highly nutritious
and functional food, it imposes no toxic risks on VSMCs. Applying lentivirus as a vector is a
widely used tool for generating genetically modified organisms. It is also applicable in gene
therapeutic researches. For example, salusin-p, a bioactive peptide involved in the pathogenesis
of atherosclerosis, has been delivered into rats through intravenous injection of lentivirus, and
this has been successful in creating hypertension in rats [*3. Therefore, the introduction of
MRJP1 into mouse VSMCs by the lentiviral vector makes MRJP1 function well to inhibit the
over contracted, migrating or proliferative VSMCs for remedying hypertension or
arteriosclerosis. Hence, the reported data here bring a promising new avenue to treat
hypertension or arteriosclerosis for humans by using gene therapy of natural bee-products.

Blood regulatory function is largely dependent on VSMCs contractile and migrating
abilities *2. To better understanding the mechanisms of MRJP1 functionalities in regulating
VSMC contraction and migration, proteome alteration between the control and MRJP1
expressed VSMCs was compared. For those 646 down regulated proteins, they were significantly
enriched to a wide cascade of pathways associated with myosin-actin filament sliding, actin
filament polymerization/depolymerization and ATPase activity, suggesting they are essentially
important to regulate the VSMC contraction and migration. Generally, in the VSMC contractive
process, calcium binds to calmodulin and then activates a myosin light chain kinase by
phosphorylating myosin light chains. Then, a cross-bridge between myosin heads and actin
filaments is formed B3 thus this sliding process results in VSMC contraction. During the
phosphorylation process of myosin light chains, ATP is required to facilitate the phosphorylation
to form a cross-bridge between myosin heads and actin filaments 341, Here, the down-regulated
proteins by expression of MRJP1 in VSMCs, were significantly enriched to these pathways. For
example, Myléb (MLC1SA) is part of myosin light chains with the function of ATPase activity
[343% and aSMA is the actin filament. The reduced expression of these two proteins caused by
expression of MRJP1 in VSMCs suggests that the strength of the cross-bridge is lowered, thereby

diminishing the VSMC contraction. Moreover, actin monomers go through
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polymerization/depolymerization to cause elongation of actin filaments % 371 which engage in
cell contraction and migration 3%, During this process, actin filament assembly is powered by
ATP hydrolysis 2% 371 In our work, the down-regulated functions of pathways related to actin
filament polymerization/depolymerization in MRJP1 expressed VSMCs indicate that actin
filament formation is inhibited. Additionally, the actin filaments are assembled into bundles in
the cells. This crosslink can strengthen the actin filaments and their tension, and increase ATPase
activity of myosin as well 1“9, Here, the significantly enriched pathway of actin filament bundle
assembly by the down-regulated proteins in MRJP1 expressed VSMCs indicate that the VSMC
contractibility is decreased to reduce actin filaments, elongation, and bundle assembly. For
example, in the ras homolog gene family, member A (RhoA) is engaged in the pathways of actin
filament polymerization and actin filament bundle assembly, for it activates myosin phosphatase
target subunit 1 and myosin light chain in VMSCs 4. So, the down regulated RhoA in MRJP1
expressed VSMCs suggests its importance in inhibiting VSMC contraction. ATPase catalyzes
ATP hydrolysis to provide energy and phosphates to the donor molecules to promote
phosphorylating processes within the cells “?.The down-regulated proteins implicated in
ATPase activity in MRJP1 expressed VSMCs imply that the lowered ATPase activity hinders
the phosphorylation of myosin light chains, a crucial process prior to cross-bridge formation,
thus inhibiting the VSMC contraction. In addition, there are positive relationships between
ATPase and calcium binding activities. For instance, SERCAZ2a, a calcium-transporting ATPase
ATP2A2, engages in calcium reuptaking during excitation-contraction coupling . Its
significant down regulation in MRJP1 expressed VSMCs makes manifest the fact that such
proteins that participate in both actin filament and ATPase activities contribute to reinforce the
contractibility reduction. Collectively, MRJP1 has potential to reduce VSMC contractibility by
the down regulation of functionality in the contracting process involving muscle filament
sliding/myosin-actin filament sliding, actin filament polymerization/depolymerization and
ATPase activity.

Energy metabolism is essential to cell proliferative ability 4. This is reflected in our data
that the down regulated proteins by MRJP1 expression were significantly enriched to energy
metabolizing pathways in mouse VSMCs, such as glycolysis, citrate cycle and pyruvate
metabolism, which are essential for ATP production. The declined energy supply within the cell
definitely results in the lowered VSMC growth 1. For instance, dihydrolipoamide S-
acetyltransferase (Dlat), an enzyme anchored in mitochondrion, catalyzes pyruvate to acetyl-
CoA that is a basic necessity to the tricarboxylic acid cycle, the key process to produce ATP.

The observed down-regulation of Dlat by the expression of MRJP1 signifies that the efficiency
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of ATP production is reduced and thus energy provision for cell growth is diminished. Given
ATPase activity was reduced by MRJP1 expression, this can give rise to the decreased ATP
utilization, and in turn hamper the growth of VSMCs. For majority of cancer cells, fundamental
energy metabolism changed to support high proliferation 1. Recent reports show that VSMCs
have increased rates of glycolysis in pulmonary artery hypertension /1, indicating there is close
correlation between carbohydrate catabolism and hypertension. In addition, cell proliferation
requires nucleosides to duplicate the genome. That a large number of down regulated proteins
participated in the pathway of nucleoside metabolism is suggestive of the fact that nucleoside
metabolism is minimized, thereby leading to the inhibitory effect of VSMC growth due to the
dwindled provision of nucleosides materials. For example, phosphoribosylaminoimidazole
carboxylase engages in inosine monophosphate (IMP) biosynthesis via de novo pathway €,
IMP is then transferred to adenosine monophosphate and guanosine monophosphate, which are
utilized as genetic materials. It is well known that cell maintenance and growth demand RNA
biogenesis and transport. This is reflected in our data that the down regulated proteins
significantly enriched to the pathways of RNA splicing and mRNA nuclear transport. For
example, serine/arginine-rich splicing factor 1 plays a wide spectrum of essential roles in RNA
splicing, including preventing exon skipping and ensuring splicing accuracy, as well as mMRNA
nuclear transport 1. Flotillin-1 is reported to enhance cancer cell growth 2, which was also
enriched in the down regulated pathway of RNA transport. Hence, the expression of MRJP1 in
VSMCs makes manifest the significant roles in reduction of RNA splicing and transport, thus
the VSMC growth is inhibited. In all, it is clearly demonstrated that the expression of MRJP1
diminishes the VSMC growth by down-regulating the metabolic processes of carbohydrate,
nucleoside, and RNA splicing and transport, which ultimately result in the weakening function
of VSMC proliferation.

Conclusion

In this work, we have successfully cloned the CDS of mrjpl into the lentiviral vector
followed by the production of the corresponding lentivirus. After the lentiviral transduction,
mouse VSMCs are able to express proteins of MRJP1. Applying our created mouse VSMC
model that can express the MRJP1, the most abundant RJ protein, it is found that the contractile,
migrating and proliferative abilities of VSMCs are significantly reduced by the expression of
MRJP1. This clearly demonstrates that MRJP1 plays a key role in regulating blood pressure. To
achieve the functionality in modulating blood pressure, the proteome setting has reshaped in
VSMCs to tune the protein activity to optimize cellular behavior for lowering blood pressure.

Thus the functionality of wide repertoire of pathways involved in regulating VSMC contraction,
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migration and proliferation, including myosin-actin filament sliding, actin filament
polymerization, actin filament bundle assembly, ATPase activity, carbohydrate/nucleoside
metabolism, RNA splicing and transport are down-regulated. The reported data significantly
extend the functional and mechanistic insights into blood pressure regulation by MRJP1. This
provides sound clues and potential novel approaches for the treatment of hypertension and the
relevant cardiovascular diseases using genetically engineered natural products as gene therapy.
Future animal experiments are needed to test the functionality in vivo of MRJP1 in vascular
smooth muscle cell.

Methods

Chemical reagents

The chemical reagents were bought from Sigma-Aldrich (St. Louis, MO, USA). Otherwise
the sources were specified.
Mouse VSMC culture

Mouse (C57BL/6 strain) VSMC immortalized with SV40 large T antigen was purchased from American
Type Culture Collection (CRL-2797, LOT: 60521753) and cultured in Dulbecco's modified eagle medium
(DMEM, GIBCO®, ThermoFisher Scientific, Waltham, MA, USA) containing 10% fetal bovine serum (FBS),
under the condition of 37°C and 5% CO.. Cells were dissociated by 0.25% trypsin-EDTA (GIBCO®) and
thawed in DMEM containing 10% dimethyl sulfoxide (DMSO, Fisher Scientific, Pittsburgh, PA, USA) at -
80°C and further in liquid nitrogen. The thawed cells were revivified in water bath at 37°C precipitated at 1000

r, 3 min to remove DMSO, then suspended and grown in the above-mentioned cell cultural media.

Construction and genotyping of MRJP1 expressed VSMC

To construct the MRJP1 expressed VSMCs, the CDS of mrjpl was synthesized and cloned
into the multiple cloning sites of lentiviral vector (PLV-EGFP (2A) Puro), followed by lentivirus
production according to the manufacture’s protocol (Inovogen Tech. Co., Beijing, PR China).
Briefly, HEK293T cells were co-transfected by pLV-MRJP1 and helper plasmids for 48 h. The
supernatant was centrifuged 25,000 g for 2 h at 4°C to purify the lentivirus. The cultured VSMCs
were then transduced with the lentivirus carrying mrjpl gene and screened by puromycin with
the concentration of 2ug/ml. The EGFP fluorescence can be observed in the VSMCs successfully
transduced by the lentivirus. Meanwhile, VSMCs used for control were transduced with
lentivirus that has no mrjpl gene expression but has puromycin resistance and EGFP expression.
To genotype the MRJP1 expressed VSMCs, the CDS of mrjpl gene was amplified by PCR from
the total cellular DNA and identified by agarose gel electrophoresis to ensure its integration in
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the VSMC genome (primers in Fig. S1). Furthermore, the expression of mrjpl mRNA was
detected and quantified by real-time RT-PCR, normalized by the mRNA of EGFP (EGFP, an
indicator protein from the lentiviral vector, is visible in successfully transduced VSMCs.
Therefore, its MRNA level is suitable for the normalization of mrjpl mRNA expression), the real
time RT-PCR procedure was described in “Real time RT-PCR analysis of mrjpl mRNA
expression”. Finally, the unique peptides of MRJP1 were detected in mrjpl expressed VSMCs
by LC-MS/MS analysis to confirm the translation from mrjpl mRNA to MRJP1 protein. The
LC-MS/MS analytical method was described in “Quantitative Protecomic Analysis of VSMC”.

VSMC contractile ability assay

Collagen gel was used to determine the VSMC contractile abilities of both control and
MRJP1 expressed VSMCs. The procedure generally followed the previously reported methods
with minor modifications %3, In brief, VSMCs were added to the collagen type | (Corning, NY,
USA) from rat tail and cultured in a 24-well plate at 37°C for 30 min (the mixture of 500 ul in
each well containing collagen of 1.67 mg/ml and VSMCs of 1.2x10°). After the mixture (gel)
was coagulated, the edge of the gel was separated by a pipette. Then DMEM containing 10%
FBS was added to each well to culture for 72 h. The gel was photographed by a gel imaging
system, and measured by NIH image J software (National Institute of Health, USA). The VSMC
contractibility was determined by the contraction index (area of well — area of collagen gel/ area
of well), which was shown as mean £ S.D from three independent experiments with a p value <
0.05 considered significant by student’s t test. In addition, the expression levels of aSMA, SM22
and calponin were determined by Western blot for further verification of VSMC contractile
ability as described in “Western blotting”.

VSMC migrating ability assay

The cell wound healing assay was performed to compare the migrating ability between
control and MRJP1 expressed VSMCs. Briefly, 1x10% VSMCs were planted in each well of the
6-well plate and cultured in DMEM containing 10% FBS at 37°C and 5% CO.. Having been
100% confluent, the cells were scratched by a 200 ul pipette and immediately photographed. The
wound distances were measured at 0 h, 6 h and 12 h. The migration indexes were calculated as
(D Oh - D 6hor12h)/D 0 h.

VSMC proliferative ability assay

The cell number counting method was used to determine the VSMC proliferative ability

between control and MRJP1 expressed VSMCs. Briefly, 1x10° VSMCs were planted in each
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well of the 6-well plate and cultured in DMEM containing 10% FBS at 37°C and 5% COx. Cells
were dissociated and then counted by using cell counting chamber after 24 h, 48 h and 72 h. Cell
numbers were shown as mean = S.D from three independent experiments with p value < 0.05
being considered significant by student’s t test. The expression level of PCNA was determined
by Western blotting as described in “Western blotting” for further verification of VSMC
proliferative ability.

VSMC immunofluorescence

Immunofluorescence was applied to further verify that aSMA was down regulated in
VSMCs with MRJP1 expression. In brief, VSMCs, planted in a 24-well plate, grow to 70-80%
confluent followed by fixation of 4% paraformaldehyde. The fixed cells were then treated with
blocking buffer containing 3% bovine serum albumin and 0.1% Triton X-100. Afterwards, the
cells were incubated with primary aSMA and secondary antibodies, and mounted with 4',6-
diamidino-2-phenylindole (DAPI) as well. The fluorescence was observed and photographed in
an Olympus X71 microscope (Olympus, Tokyo, Japan). The fluorescent intensity was measured
by NIH imageJ software (National Institute of Health, USA) to measure the expression levels of
aSMA and DAPI. The aSMA/ DAPI ratio was shown as mean + S.D from three independent
experiments with a p value < 0.05 considered significant by student’s t test.

Real time RT-PCR analysis of mrjpl mRNA expression

To ensure that the CDS of mrjpl were able to be transcribed into the corresponding mRNA,
real time RT-PCR analysis was applied to detect the mrjpl mRNA expression. To achieve this,
pooled VSMCs growing in DMEM containing 10% FBS were collected for total RNA isolation
using TRIZOL method. Briefly, VSMCs were homogenized in TRIZOL reagent followed by
chloroform extraction and then centrifuged by 12,000 g for 15 min at 4°C. The recovered
supernatant was added to isopropanol to precipitate RNA by centrifuge at 12,000 g for 10 min.
The isolated RNA was purified in 75% ethanol and dissolved in DEPC water to avoid RNA
degradation. The total RNA was reversely transcribed to cDNA by using RevertAid First Strand
cDNA Synthesis Kit (THERMO) following the manufacturer’s instruction. Then SYBR-Green
(Applied Biosystems®) based real-time RT-PCR was conducted on a Bio-Rad CFX Connect™
system to quantify the mRNA level of MRJP1 (the primers in the Table S1). The PCR protocol
began at 95°C for 3 min, followed by 40 cycles of 95°C for 10 s, 55°C for 20 s and 72°C for 20
s; then the fluorescence was measured. Melting curve analysis was performed to ensure the
specificity of the PCR product by heating from 65°C to 95 °C in increments of 0.5 °C / s. The

relative expression of mRNA in MRJP1 was normalized to that of EGFP. The mRNA
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expressions were quantified by -244%t method and were shown as mean + S.D from three
independent experiments with a p value < 0.05 considered significant by student’s t test.

Western blotting

VSMCs at the logarithmic stage were lysated in radioimmune precipitation assay buffer
(Solarbio, Beijing, PR China) containing 1% phenylmethanesulfonyl fluoride as proteinase
inhibitor. After precipitation in 13,000 g for 10 min, the supernatant containing proteins were
collected and followed by denaturing in 100°C with bromophenol blue. The protein samples
were loaded to an 8% SDS-PAGE gel for electrophoresis to separate the proteins, and then
transferred to the PVDF membranes. The membranes were blocked in 5% fat free milk to avoid
non-specific bindings and incubated in primary antibodies against aSMA (BOSTER, Wuhan,
PR China), SM22 (Abcam, Cambridge, UK), calponin (BOSTER, Wuhan, PR China), PCNA
(Abcam, Cambridge, UK) and GAPDH (CWBIO, Beijing, PR China), followed by incubating
in the corresponding secondary antibodies. The membranes were illuminated and photographed
in the ChemiDoc imaging system (Bio-Rad). The bands were quantified by QuantyOne software
and the abundance level of proteins was normalized by GAPDH. The protein of interest /
GAPDH ratio was shown as mean + S.D from three separated experiments and p value < 0.05

was considered significant by student’s t test.

Protein sample preparation for LC-MS analysis

The total proteins of both control and MRJP1 expressed VSMCs were extracted according
to our previously described methods 54, Briefly, VSMCs were ultrasonicated on ice and lysated
in lysis buffer containing 8 M wurea, 2 M thiourea, 4% 3-[(3-cholamidopropyl)
dimethylammonio]-1-propanesulfonate (CHAPS), 20 mM Tris-base and 30 mM dithiothreitol
(DTT), followed by centrifugation of 15000 g for 15 min at 4 °C to obtain a protein supernatant.
The proteins were precipitated by acetone for 30 min at -20°C prior to being centrifuged twice
at 15000 g, 4 °C for 10 min. The precipitated pellets were redissolved in 40mM NHsHCOs. The
final protein concentration was quantified using a Bradford assay. The protein samples were
reduced with a solution of 10 mM DTT for 1 h. Then the samples were incubated in 50 mM
iodoacetamide for alkylation in the dark for 1 h. Proteins were digested using trypsin (sequencing
grade, Promega) overnight at 37 °C in a 1:50 trypsin-to-protein mass ratio. The enzymatic
digestion was stopped by adding 1 pL of formic acid. Finally, peptides were vacuum-dried using
a SpeedVac system (RVC 2-18, Marin Christ, Osterod, Germany) for the following LC-MS
analysis.
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Quantitative Proteomic Analysis of VSMC

To create the quantitative proteomic profiles of control and MRJP1 expressed VSMCs,
peptide samples were re-dissolved in 0.1% formic acid and loaded onto an LC-MS system with
three replicates. The EASY-nLC 1000 (Thermo Fisher Scientific, Bremen, Germany) nano liquid
chromatography system was coupled with Q-Exactive plus (Thermo Fisher Scientific) via the
nanoelectrospray source. Reverse-phase chromatography and trap column packed with 2 pm
C18 (100A, 75 um x 50 cm, Thermo Fisher Scientific) were used for peptide enrichment, and
peptides were further separated on a column packed with 2 um C18 (1004, 75 pm x 50 cm,
Thermo Fisher Scientific) for analysis. The mobile phase buffer consisted of buffer A (0.1%
formic acid in water) and buffer B (0.1% formic acid in acetonitrile). Peptides were separated at
a flow rate of 350 nl/min using the following gradients: from 3 to 8% buffer B for 10 min, from
8 to 20 % buffer B for 80 min, from 20 to 30% buffer B for 20 min, from 30 to 90% buffer B for
5 min, and 90% buffer B for 10 min. lon signals were collected in a data-dependent mode with
the following settings: full scan resolution at 70,000, scan range: m/z 300-1,800; MS/MS scan
resolution at 17,500, isolation window: 2 m/z, normalized collision energy: 27, loop count 10,
and dynamic exclusion was also used (charge exclusion: unassigned 1, >8; peptide match:
preferred; exclude isotopes: on; dynamic exclusion: 10 s).

The MS/MS data were retrieved using Xcalibur software (version 2.2, Thermo Fisher
Scientific). Subsequently, the extracted spectra were searched by in-house PEAKS software
(version 7.0, Bioinformatics Solutions, Waterloo, Canada) against the mouse database generated
from UNIPROT containing 76079 protein sequences (released in August 2015). Precursor mass
tolerance was set at 15.0 ppm, and fragmention tolerance was set at 0.05 Da. The following
modifications were applied: carbamidomethylation (C)/+57.02 Da was selected fixed
modification, and oxidation (M)/+15.99 Da was selected as variable modifications. The other
parameters used were the following: enzyme, trypsin; allowing a nonspecific cleavage at neither
end of the peptide; maximum missed cleavages per peptide, 2; maximum allowed variable PTM
per peptide, 2. A fusion target-decoy approach was used for the estimation of the false discovery
rate (FDR) and controlled at <1.0% (—10 log P >20.0) at both protein and peptide levels.

Protein identifications were used only if at least two spectra were identified in one sample.
The relative quantification was performed through the label-free approach in the Q module of
PEAKS by using the expectation-maximization algorithm as described previously. Peptide
features and proteins of statistical p value< 0.05 and fold change >1.5 were considered

significantly different between groups.
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Bioinformatics analysis

To produce the differential protein profile between control and MRJP1 expressed VSMCs,
the differentially expressed proteins were clustered using uncentered Pearson correlation and
average linkage by gene cluster 3.0 and visualized by Java Treeview software. Furthermore, to
interpret the mechanisms of MRJP1 regulating VSMC functions, the down or up regulated
protein lists with mouse Uniprot ID were analyzed by CluoGo v. 2.1.6, a Cytoscape plugin
(http://www.ici.upmc.fr/cluego/) [°! software through the functional ontology categories in

biological process and KEGG pathways. The significances of the enriched pathways were
calculated by a right-side hypergeometric algorithm and an FDR was done by Bonferroni step
down test to correct the p value in the software. The p value < 0.05 was considered significant.
Additionally, to better understand the biological significance in a systematic way of the identified
proteins engaged in blood pressure regulatory activities, protein-protein interaction (PPI)
networks were constructed by GeneMANIA B8 571 the database includes genetic and protein
interactions with the settings of all enabled networks and 50 displayed related genes using GO
biological process based weighting. The networks were visualized by Cytoscape. Finally, to
enrich the significant pathways with the identified proteins which were highlighted, the KOBAS
(http://kobas.cbi.pku.edu.cn) P8 system was used to annotate the pathways following the

previously described methods elsewhere 54 and the important proteins of the pathways shown
in the network  were achieved by  NetworkAnalyst online  software
(http://www.networkanalyst.ca) 5% 691,
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Fig.1. Delivering mrjpl gene into mouse VSMC genome by lentiviral vector and its
correctly expression in VSMC. A. Mode plot shows that the synthesized CDS of mrjpl gene
was inserted into lentiviral vector and promoted by CMV. The lentiviral vector also contained
EGFP, the visible marker that is promoted by PGK. B. Both control and the one with mrjpl gene
inserted lenviruses successfully transduced VSMCs, in which EGFP is observed. C. PCR
amplification of CDS of mrjpl gene was visualized on agarose gel by electrophoresis from the
transduced VSMCs. D. EGFP and mRNAs of mrjpl gene are both detected by real time RT-
PCR from mrjpl integrated VSMCs. Results are represented by mean = S.D and the relative
expression of mrjpl RNA is higher than that of EGFP but without statistical significance from
three replicates. Melting curves indicate that RNA amplifications of both mrjpl and EGFP are
specific. E. Specific peptides of MRJP1 are indentifed in mrjpl integrated VSMCs by LC-MS
analysis.
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Fig.2. MRJP1 expressed VSMCs show reduced contractive, migrating and proliferative
phenotypes. A. Contraction index is significantly reduced in MRJP1 expressed VMSCs
compared to control from three independent experiments by collagen gel assay (n=3, mean *
S.D). Results are shown as mean + S.D and ** p < 0.01. B. Cell are counted at 24 h, 48 h and
72 h, respectively, to compare the proliferative rates between control and MRJP1 expressed
VSMCs (n=3, mean = S.D). * p < 0.05, *** p < 0.001. C. Migration index is significantly
decreased by the expression of MRJP1 in VSMCs at 6 h and 12 h, respectively by wound healing
assay (n=3, mean £ S.D). * p < 0.05.
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Fig.3. MRJP1 expression changed mouse VSMC protoeme setting. A. Clustered heatmap
displayed differentially expressed proteins between control and MRJP1 expressed mouse
VSMCs with three replications in each group. B. The expressions of aSMA, SM22, calponin and
PCNA in MRJP1 expressed VSMCs are significantly reduced by Western blotting analysis
compared with controls, the band intensities were normalized to GAPDH (n=3, mean + S.D)
from three independent experiments. * p < 0.05, ** p < 0.01.
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Fig.4. MRJP1 expression altered essential pathways related to VSMC contraction,
migration and proliferation. Functinal classes and biological pathway enrichment of
differential proteins identified between control and MRJP1 expressed VSMCs. The signifcantly
enriched pathways are analyzed by ClueGo, a Cytoscape plugin. p values < 0.05 were considered
significant by a right-side hypergeometric algorithm and an FDR is done by Bonferroni step
down test to correct the p value of the enriched terms.
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Fig.5. Protein-protein interaction (PPI) network of the down-regulated proteins in MRJP1
VSMC. A, C, G and | denote the down-regulated proteins by MRJP1expression in VSMC are

2 13

mapped and enriched to pathways of “vascular smooth muscle contraction”, “spliceosome”,
“TCA cycle” and “RNA transport”, respectively, by Kobas software. B, D, F and H represent
the PPI network of the down-regulated proteins are visualized by GeneMANIA plugin within
Cytoscape. Networks are all enabled and the top 50 related genes and at most 20 attributes were
displayed via GO biological process-based weighting. The terms are shown as “glycosyl
compound biosynthetic process”, “ATPase activity”, “mRNA splicing, via spliceosome” and
“nucleic acid transport”, respectively. q values <0.05 are considered to be significantly enriched.
E The important nodes of down-regulated protein in the pathways of “vascular smooth muscle
contraction”, “TCA cycle”, “RNA splicing, via spliceosome” and “Nuclear transport” are shown
in the networks analyzed by online software NetworkAnalyst (www.networkanalyst.ca).

Enrichment pathways are considered to be significant when p values < 0.05.
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Abstract

In view of importance for bee industry health and sustainable development to carry out the
bee pest risk assessment, this paper put forward the classification and fields of current risk
assessment for bee health; meanwhile, introduce the main and operational methods, technologies
and application for assessing the risk to bee, which are including using META method to evaluate
pest & disease of bee, climate similarity principle to evaluate the effects of mites in Chinese bee,
the risk index system to evaluate Saclike larva disease to West bee, scene modeling methods to
evaluate the halkbrood disease, and cloud computing to assess the bee pest risk estimation; finally,
raise the main bottleneck and the future development direction of bee pests risk assessment in
China.

Keywords: Bee pests & diseases; Risk assessment; Current situation;

Development trends
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% 3% (Apis mellifera) & i+ 2 £ & B2 = 3
g iR L2 B g 2
TEASEFRLLFFE
PEAAEFRRAPFREY A
ST £ A F AT A

it R AT BT nE A 1L 1020 3 o Fpt > B L IFL
FyEiLz ;%,45&@; S E e o B2 0 A % e (trophocytes) fr i #im 2 (0enocytes)
SR T A R RN R R R AR i R fREM S e R E R
b ARS > B3 Pl R ZARS o - HIF T B IRE H R (cholesterol) (hE 2
cytochrome P450 314A1 20-hydroxylase ~ ecdysone receptor isoform A - ecdysone receptor
isoform B1 ~ ultraspiracle -~ ecdysone-induced protein 74 ~ ecdysone-induced protein 75 -
broad-complex ~ vitellogenin §= yolkless % A Flso mRNA £ I & » 1 adF g > 4t 3
PliaF g £ > #F "2HRE-mAL Z-97F 39 R (cholesterol-ecdysone-vitellogenin) . & ‘4%

¥ 3 4 & 'wre (trophocytes) fr i ¥+ im#e (oenocytes) thk & - ST o 22 2 R F o

A

% 34 (Apis mellifera) 4 #E3t £ it 2 R Z PR N5 > Floi 3 B 18 4
AT e §3% 3 hd hv 14 £ 10-20 & (Page and Peng, 2001; Omholt and Amdam, 2004;
Rueppell et al., 2007; Remolina and Hughes, 2008) - ",f Pl b BHEREERE L R AR
BT AT EA AFTHETII PSR ETHREEMRIFERNEZ LI PE O
;v # 4 (Honeybee Genome Sequencing Consortium, 2006; Barchuk et al., 2007; Elsik et al.,
2014) -

Ikt 3w upidid g_{%@psgﬁggﬁ c T Mg Bkl B D
s3I ARm 1 a8 2 58 (Winston, 1987) o 23 AL PER A A K
Fﬁiﬁﬁﬁﬁﬁ§$WVi’@{ﬁ%é—4zﬁiﬁ4@@(@mMmJ%nolw
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FHAREp S A gEERLEE RS FEIfTHIIT 2 BFINH 21 22K
%

=% %2 o4 (Neukirch, 1982) - B2 2884 2 1 ¥ 1 173 — fk > R Efp Pl (FTEHE &
98,53 T (Hsu and Chan, 2013) > 1 & & % 3| & 4= # 5 (Kamakura, 2011) -

wre AR A AP MO AE o A AL 2 R RO E > T AR e X
vz L2 gd wmie X2 RA i T RAbMECE L2 T F A
*z (trophocytes) % @& +'im*¢ (oenocytes) % & #& "L ix % Sk RREA N KRR ¥R
@%Gmmmwwﬁﬁﬂ@@+aiw%mmﬁ’%#%Pemmmwﬁﬂﬁﬂ%mw£iﬁwﬂ%

T PREL IR o Flu ¥ & v (trophocytes) 2 & ¢ m¥e (0enocytes) 2 = ¥4 i & i1
AR d Ppple A AT s w b d ARl s S R IT R B oY
% fm¥e (trophocytes)® & F¢’w®s (oenocytes) @ 4 * k¢ T/ 3 fmie X it 2 £ & il enlm
#z (Haunerland and Shirk, 1995; Hsieh and Hsu, 2011a, b; Nilsen et al., 2011; Chan et al., 2011,
Seehuus et al., 2013; Hsu and Chan, 2013; Chuang and Hsu, 2013; Hsieh and Hsu, 2013; Hsu and
Chuang, 2014; Hsu and Hsieh, 2014; Hsu et al., 2014; Hsu and Hu, 2014; Hsu and Lu, 2015; Hsu
etal., 2016) -

13 ¥ % Wwre (trophocytes) 2 % ¥¢im¥ (oenocytes) ek it = 3

AR T 0 TR S R EM e SOOIl LER AP IRY A
w? (trophocytes) % 4 ¥ im®e (oenocytes) shim?e & (L R fh o A7 H ka0 £ N o £
( p S 2 s ¥ E

MEEM S m RS E e B A AX AL B o

ok AR i & A BT 7 4 (1) Rs A (mitochondria) #cg MEE O Ao @ 3 4 o (2)8
MG FET 2 (Am) ﬁv‘i’ﬁéﬁi&w]ru%vé s & (NADY) g - H;T\v%-v.é P = B
(ATP) 1% f= NAD*/NADH &t S % & & # 40 & ' X » (3)NADH % & fi# 1 (NADH
dehydrogenase 1, ND1) -~ ATP & = fis (ATP synthase)* & =345+ i 1 (voltage-
dependent anion channel 1, VDACL) % # & 3 4v @ 3 4 o (4) ND1 2 ATP synthase ",f T AR
12 (mitochondria) 2 7 =3 #3144+ i@ ;¢ 1 (voltage-dependent anion channel 1, VDAC1)
WH AR P REAT A EE MG B § B X ERP AN
it & 3T *% (Chuang and Hsu, 2013) -
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e BB EBEEOF T 4 ) ’Jlfa vt H BRRL S I 39 Jcfs 2 (adenosine
monophosphate-activated protein klnase 2, AMPK-2) enZ JLE L& & B 4o @ B 4 0 PR A B
Lo Reh b B BERLE B9 s 2 (PAMPK-2) & R~ pAMPK/AMPK st ] 2
AMPK & LA E e 4o @ FE L o (2)WUF et P AL (ADP) hE 2 SReRed 1 3 = Rk
(ATP) e Mg & & i 4vm "5 1< > e {H:Iui 11 B pkpL (AMP) 25 £ & - ADP/ATP
UL B L e e A 4 0 @ L AMPIATP vt GIAERE 3 4o @ e o (Q)TRRAREA
i H gipe (cyclic adenosine monophosphate, CAMP) %g # % 3 v @ "% i1 % CAMP & - Bifk i
fin fi* (phosphodiesterases, PDE) % # % 3 4c @ 3 4v o (4) Silent information regulator T1 (SirT1)
NEIEEE L A WA R vEEEEE LR e M o i R R T AE
W EIMG e BB EEMEE L ER e

2014) -

£ &% M7 % (Hsu and Chuang,

Bim e bE R A Rt 3 4n 21(1)20S 3-9 R8s (20S proteasome) v AT E K B 4e @ U
Moo ka HARENEE KB Ao B4 o QMg AP M -9 #4483 (microtubule-associated
protein 1 light chain 3-11, LC3-11) 4= 70 kD #: ik 5. 39 F /% (70 kD heat shock cognate protein,
Hsc70) ek & 48 & & 3 4 @ "% ™ o (3) p *&J¢ (autophagic vacuoles) i~ /| % g K & &
H 4o '8 K o (4) p62/SQSTML 4r % %4 % & & 48 (polyubiquitin aggregate) 4 JLE E# &
W 4e @ "E o (5)7% pF AR (lysosome) eiE MRE £ % 3 4e @ 'F M o (6) molecular target of
rapamycin  (NMTOR) enZ& MELTE L Hem R 4e o p S S AT A1 £ 1345 3

Fm e 'R RS R X L R m e 'R 25T % (Hsuetal., 2014) -

mFe (e 3 4 11(1) g T & 1 (B-oxidation) ~ 2bfg i g kAL (non-esterified fatty

acid, NEFA) ek B ~ 5% (lipase) e 4 ~ gifik i 354 & = i (phosphorylated glycogen
synthase kinase 3, p-GSK3) 14 JL& ~ Z 2424 %]+ 4E (eukaryotic translation initiation factor
4E, elF4E) & T & 2 FAfL I B 4240 713 4E 4% 39 (phosphorylated elF4E binding
protein 1, p-4EBP1) s T & " & e 3 4v @ "F X o (2)%5 ¥Afk & = fiF (fatty acid synthase, FAS)
g fd ~ g B3 g (fat accumulation) ® "+ f% (glycogen accumulation) g # ‘& 3 4v @ 3
> (3) phosphofructokinase-2/fructose-2,6-bisphosphatase 3 (PFKFB3) ~ [ [ f& i fi=
(pyruvate kinase, PK) ~ st & (lactate) ek & % #&f% (¥ * (glycolysis) 7 F]l# & @ :x % o gt
BEETAEEIBVEEIRG F e RHEME X ER me N BE T ' (Hsu et

al., unpublished data; Hsu and Chan, 2013) -
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a’

Wby g dia ¥ ehy & ¥ (trophocytes) 2 & +* i #z (0oenocytes) & IR ) & it A i

(aging phenotypes) -

3 3 ¥ % w2 (trophocytes) 2 % ¥+ iw¥e (oenocytes) ehim®e £ 7~ %

E IR BRI ZEZOEM LI HFHRI DR EZER A PFATRIF A
sz (trophocytes) % % + w2z (oenocytes) crim?e £ 24 o A 47 H R AR & R 3F o £33

AN R RENE e B A AL 2 ERASLE o

Aol SRR A B R 3 dp ke Ui (mitochondria) #c g s R SUIE PR - (AM) ~
iR eV BEP L F i (NADY) 0~ Frde ipi=iudet P BB R & (NADH) <5
£ ’”j"uﬁ%—v/% = Bkt (ATP) (€ ~ NAD'/NADH vt & ~ NADH 2 4 g5 1 (NADH
dehydrogenase 1, ND1)/# s 48 #ic & 5t 2 ATP & = & (ATP synthase)/# 5t 88 i & o &
bR X E Ty & b (trophocytes) 2 & ¥t im*e (0enocytes) il F A B o ipit B 5% A
TEERI AL R A E sl 4m#w£+ﬁ@biﬁﬁ$ﬁﬁ#ﬁi

¥ & ¥z (trophocytes) 2 & ¥+ wm*s (oenocytes) & & (Hsu and Lu, 2015) -

i B S EESOFE T 4 ’S‘f]L eed fH H BERL Y k-9 i fs 2 (adenosine
monophosphate-activated protein klnase 2, AMPK-2) en & ~ BRpa it Bﬁu;ﬂrvé\ P H B
v F-v jgpF 2 (PAMPK-2) th4 38 2 cCAMP & — Bifk B fig i# (phosphodiesterases, PDE) 4 &
L H e @ H 4 o pAMPK/AMPK &3t 5] ~ AMPK & 12 ~ ATP 78 ~ ADP 78 ~ AMP g
ADP/ATP =it &) ~ AMP/ATP =t ) ~ cAMP =h& ~ forkhead box protein O (FoxO) 4 31

~ Silent information regulator T1 (SirTl) ch£ ME 2 Ef > A g2 X £33 iy £ woe
(trophocytes) % & ¢im?z (oenocytes) iX 5 £ R - g S SHr X £ I Hu RS FER
FREWEERIOREZ L EASFEE LB AFE T Y R wre (trophocytes) 2 &t im e

(oenocytes) =& & (Hsu and Hu, 2014) -

e hm e T RS MRt 7 4 01 20S F-¢ 487 (20S proteasome) siE 14 % p e (autophagic
vacuoles) =1+ -] Bg &£ % i 4c @ ' 14 o 20S F-v f4fF (20S proteasome) & L E E 2L ~ §
R % R & 1 (polyubiquitin aggregate) <% L& ~ e 4p B 39 d=4& 3 (microtubule-
associated protein 1 light chain 3-11, LC3-11) ~ 70 kD #t ik 5. 39 [ /& (70 kD heat shock cognate
protein, Hsc70) =4 & - p #7¢ (autophagic vacuoles) w# & ~ p62/SQSTM1 4 & ~
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% f= 48 (lysosome) =% 14 ~ molecular target of rapamycin (MTOR) en& E » Z g2 X &
# 3 hy & o¥e (trophocytes) 2 & ttimPz (oenocytes) iXF A R o iz B E M X ER T D

W AR A N EER I AR m e RER AR BRI Y R e

(trophocytes) % 5 % m® (oenocytes) & & (Hsuetal., 2016) -

mie (T 3 4 2 g B ¥ 14 (B-oxidation) ~ #bfg 1 g AL (non-esterified fatty acid;

NEFA) )k B ~ "5f% (lipase) =i ~ "g%»ps & = fis (fatty acid synthase, FAS) /% 14 ~
phosphofructokinase-2/fructose-2,6-bisphosphatase 3 (PFKFB3) <t % IR & -~ #& f& i *
(glycolysis) ~ Z %44~ %]+ 4E (eukaryotic translation initiation factor 4E, elF4E) e & 2
BEfL 1Y B fhAsds TS AE 4232 39 (phosphorylated elFAE binding protein 1, p-4EBP1) 14 35
£ hEdg2 £ &Iy % W% (trophocytes) 2 &t i (oenocytes) iZF £ B o KA o
g 3 fx (fat accumulation) 2 3+4% 42 77 (glycogen accumulation) 5§ # % 3 4c @ Hf 4v o T

BERTEEMTI N ABTAFFNEERTI RS e AL ERFRET F R

#z (trophocytes) % = +¢im*2 (0oenocytes) =+ 2 (Hsu et al., unpublished data) -

g g 8k 3 ehy & e (trophocytes) % & Fim#e (oenocytes) & IR E E Al

(aging phenotypes) -

W1t 2 32 3 Y & P2 (trophocytes) 2 & v im?E (0enocytes) i AUEE v B R 8F o i
EBEEM S et fRE MR wie g £ AP AP 1L 3 ohy & w2 (trophocytes) £ &
¥t fm#2 (0enocytes) % %mﬁ&ﬁg ‘& n¥e (trophocytes) 2 n #vim?e (0enocytes) i1

,L
Fo=
» F] 5 1382 3 3 & w2 (trophocytes) 2 & Ftim¥e (oenocytes) 3 it {5 A LA 4 o gt

EL

5053 mre B A | T s chE 24 M o

N

* Ff% (cholesterol) - & § ix & 3% (hydroxyecdysone) - ¢ 3¢ R (vitellogenin) & /& %
2134 3 F % W' (trophocytes) 2 % ¥+ in%¢ (oenocytes) ehE &

Fle R ER B H RN R > TS I F & e (trophocytes) 2 i Y imre
(oenocytes) eim?e ¢k f By 3 At w gk ® (hemolymph) ¢ o gt 1 8% 2 32 3 ¥ & ¥
(trophocytes) % & ¥¢im#2 (oenocytes) craf A i £ NP~ st £ @B~ lmre 1 fRE P E
wmie g BB D ot e cheng A o LS F 82 83 4 & e (trophocytes) Z
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Q¥ im Pz (oenocytes) sk AR AL B N W R B A SEM S e RS E e i BN
A Bd o N E o712 8 3 o T (hemolymph) - % 32 3 o % = (hemolymph)
3 B P 39 R (vitellogenin, Vg) # 3 o ‘P 3¢ & (vitellogenin, Vg) & 7§ F-o
LBt B0 d Fg548 (fat body) & = (Engels et al., 1990; Sappington and Raikhel, 1995) » @

¥ & ¥ (trophocytes) 2 7 ¥'in¥e (oenocytes) #_7; 7748 (fat body) 73 & w¥e o i3 87
Tdp iz 2 £ 21 L ¥ F kv & (vitellogenin, Vg) (Robinson et al., 1991;
Seehuus et al., 2006) » “r+ Fv /& (vitellogenin, VQ) A& Fl#*4 ¢ '% M1 84 h% & (Corona et
al., 2007) z “r5 F-v J (vitellogenin, VQ) 7 #ei it chae 4 7 2 igsgdd 3 cnE £ (Corona et
al., 2007) - iz Ty * % > ¥ 1 hE F 2 343 oy & e (trophocytes) 2 & v im e

(oenocytes) & £ 7 5 £2 97§ F-v /& (vitellogenin, Vg) 2 =5 B o

“F% 39 J& (vitellogenin, Vg) 2k F] % £ d # 4% %] (transcriptional factors) ecdysone-
induced protein 74 (E74) ~ ecdysone-induced protein 75 (E75)% broad-complex (BR-C) 47
(Pierceall et al., 1999; Sun et al., 2002; Yang et al., 2014) - @ E74 ~ E75 4v BR-C ek ] 4 i£
d  EcR/USP/20-hydroxyecdysone (20E) ‘w*z +% £ % %8 4F & # # &= (Paul et al., 2005) -
Ecdysone receptor isoform A (EcR-A) ~ ecdysone receptor isoform B1 (EcR-B1) % ultraspiracle
(USP) m®s 47 4% <X 848 & # £_20-3 ¥ i % (20-hydroxyecdysone, 20E) i< 48 (Yao
etal., 1992; Talbot et al., 1993; Barchuk et al., 2004, 2008; Takeuchi et al., 2007; Hill et al., 2013;
Hansen et al., 2014; Mello et al., 2014) - 20-4 % ¥ g % (20-hydroxyecdysone, 20E) &_% i*
g g g 0 d sl geZ (ecdysone) 5 Cyp3l4Al pE2 4 it @ k o @ e g % (ecdysone)
d "&£ F A (cholesterol) 5im & F A 4 = §& /¢ (ecdysteroid biosynthesis pathway) # it @ %
(Petryk et al., 2003; Yamazaki et al., 2011) -

% *% 7 A% (cholesterol) - & ¥ i g jcZ (hydroxyecdysone) - 7% 3-v & (vitellogenin) g
e 3 dp A1 PR F A (cholesterol) <&~ cytochrome P450 314A1 20-hydroxylase (Cyp314A1)
ecdysone receptor isoform A (EcR-A) ~ ecdysone receptor isoform Bl (EcR-B1) -~ ultraspiracle
(USP) ~ ecdysone-induced protein 74 (E74) ~ ecdysone-induced protein 75 (E75) ~ broad-
complex (BR-C) ~ 5 #-v & (vitellogenin, Vg) % yolkless (YI) " mRNA £ & &t 3 3
% tm ¥z (trophocytes) % & +‘im*2 (oenocytes) w14 FL& F > 1 ¥ ¢ o yolkless (Y1) £_°F § &~

v J (vitellogenin, VQ) chim e %4 & 32 < 48 o ot 2 5% &7 "2 Ff% (cholesterol) - 2 ¥ s g
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#cx (hydroxyecdysone) - “r 5 F-d J (vitellogenin) i/ 734 2 ' % 'w¥e (trophocytes) *

Q¥ imee (oenocytes) ik & % 42744 3 en& £ (Lu and Hsu, unpublished data) -

AN PP N % o A - B 0 WP P2 AR (cholesterol) - & ¥ e A e E
(hydroxyecdysone) - “F 5 #-v J (vitellogenin) gt /S 4eie 52234 3 3 & ¥ (trophocytes) %
W ¥Rz (oenocytes) shE E 2 2 hE F 2 8% 3 5 (royal jelly) ¥ & 'E FH AR
(cholesterol) & & + 2 » 5 d s g F A3 4 = g i (ecdysteroid blosyntheS|s pathway) £
Cyp314Al # = 20-% % i & 2% (20-hydroxyecdysone, 20E) - 20- & ¥ s & % (20-
hydroxyecdysone, 20E) ¥ EcR-A/EcR-B1/USP 4§ & %8 & 4+ % ecdysone-induced protein 74
(E74) ~ ecdysone-induced protein 75 (E75) % broad-complex (BR-C) #§ & %2 - ecdysone-
induced protein 74 (E74) ~ ecdysone-induced protein 75 (E75) % broad-complex (BR-C) 4§ & %2
£ &% "5 30 k& (vitellogenin) - “F§ F-v & (vitellogenin) £244 1 3 % 'w¥¢ (trophocytes)
Z @ ¥vimre (oenocytes) % “r ik enyolkless (Y1) & & ‘a4F 3 % w¥e (trophocytes) % & ¥ im?z
(oenocytes) 2 #F i E M I$E 3 F & ¥ (trophocytes) 2 & tvim®e (oenocytes) hE & 2

1 #£ % (Luand Hsu, unpublished data) -

R BRI AL o mre g P 4y 1 en g & e (trophocytes) 2 & ft i rE
; O P

~
o
@D
>
o
(@]
3
D
£
\_ﬂ
ckr
=
e}
G‘fr
rﬂ
gm
-H
=
lk

% w7 (trophocytes) 2 & ¥ im¥z (0enocytes) & I

MEZ T o 43 Y X e (trophocytes) 2 & F4im®e (0enocytes) sim e £ & R aE 1% iY
¥ ¥

#31ak E 5 M - 2T [ (cholesterol) - & ¥ dx i 5% (hydroxyecdysone) - “F § #-¢ &

Z
vitellogenin) & /3 ¥ 38 3 & % m*2 (trophocytes) % &4 ¥%im®e (oenocytes) & 2 RiE 8 2.
v B v
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Table 1 HPLC method for determination of propolis ethanol extracts flavonoids
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Table 2 Content of flavone and pinocembrin,chrysin,apigenin of ethanol extracts of
propolis and Effect of ethanol extracts of propolis on cell viability of N2a cells (n=3)

8fEm v PE B

et SIS U5 A A
TF 7w 10020017 — — —
jan  4286:30%° N _ _

5 TTT9:LELTS N - _
i?%* ® gzamorss 113 0.95 0.53 0.42 —
if%ﬁf} " 53.27+1.160* 10.52 7.87 2.17 5.45 0.25
Q%ﬁ?ﬁ 10.2710.485* 2125 15.68 .44 5.79 0.45
NI 6454£0633° 4 oq 8.81 6.87 1.79 0.15

:’.;, *

A TAA BRoggp X001k BRI mAp X001 5 % B 03 A XO.05 -

Eo BB EEE AEMmzEA T 1d A 2V s BRESERIC8
il N A g 70%%,@4@95%@;@4%>40%g$~;54%>40%71<534% P HLER BT 2 A
BRPPFOELEF@RFEL A > TR "fﬁa‘ﬁ'ﬁd G miRp it LA E

ﬁﬂiﬁétﬁiﬁﬁ °

BEAL G s ATRF RIS 6 1R - P h o TER LR A
70%Fp% 7% 47 >95%Fp% % 4~ >40%§§‘}p $>40% KA 0 b & o BIF PP g MR 33 G B oes
EOo P3PS MR EARKFY 7 E L HiA e LR ETEIDY A LA

R P BRI R ARG RV v BRAR O T0%REB S 3 S g B ik
40 5% (944%) >k & (5.79%) >¥ % (0.45%) :95%@;5% SEMAAE
B3 97T % 0 %0 5% (6.87%) >k % (L79%) >5F ¥4 (0.15%) ; @ 40%f%
;&‘_”ﬁ};’ﬁ Ao h g % (5.45%) >v 53 (2. 17%) >% %% (0.25%) ;5 40%
kizd i~ B $5F (053%) frdrg & (042%) > AN FEE o

81


app:ds:apigenin

2y P52 3 m gy % fov 1% 390 frd] Caspase-3 2 H b 35 g chicid 0 A @ drd
H202 7% = 71 SH-SYS5Y w2 k= > xffudd i LIBIFFEFAH 2P F* o g F7 P ¥
fg“czm;@f}_% X REGEF BRI AT MM R T F S 27, H iz Aed] A
& 5% i< ROS v NO 74 = » #r4| Caspase-3 shjgeis & 3 X >« ik *h i engd B4 5 4k
BB EE A Ry e P TR RN FRF I BRI 2R DEES
A g A wre LDH RN S ek S ik d BRI R 2 2 G R iR

iT* o

FE A 2FMIWO PHE g E T EF AR gk BRI F TS o
Fafe v i A5 HAfe A FITEAZEBRS  FRFT G T A B R
Fod T hind U EE LA SR e Aot G R SRR ek B R
.—-H}iiio

3 ik

AR G L BB K 4 X N2a wwei2 7 F+%0 » 2% 4P ’ﬁ‘i‘}fw’)"; e
15pg/mL ™ T g s s B P 2 Fre N2amre cnt § 4 X > k3 s B ~f N2ad =
OGD4h % E 4 £ § 24h 4 B\ Hhs b p medb B BILAF (7 > 5 12 pixddh o & BE 4R 40 2
fTimre E gk S% AP T0%EA A 2 Y BB F 0 5% Z 2 > F =% 40%pF:
B A0% KB R e x ik s BEEK 2T HPLC 247 0 B % AP 8RR EZ E
Y1 T0% 5 4 BB 95%EiR o fr AR Bk 2 > 0% kg b B M R F R L &
R0 Do (R L T ST A L - S A ¥ F F I N S OV B s Lo SCE LR
GE R E L LA BE B AR Tt s JeRs 15 R R AT F R LMY puiba ]
BT e ik f 0 FIE A G RRS  &T AP R oo 15 % e R

% Bedp 3 ok Mg b o

T o HE

[1] White BC, Sullivan JM, DeGracia DJ.Brain ischemia and reperfusion: molecular mechanisms
of neuronal injury[J]. Journal of the Neurological Sciences,2000,179: 1-33.

[2]% %. = fpe Baedl | Qraski LA LREF o [D] &4 AR ¢ FHLE,
2009, 5-8.

[Bl& K|, 5 =, B2, &, 2dda LB/ % Fas~ TNFRL 39 eh# i 5 mre k= X &
2 Bel-2:d & 2 -4 8 cvfen[J]. & & F 42~ ¥ 4R, 2011, 31(8):6-10.

82



[4] 258,555, % B iF, 8 e awt 3 [J]. ¢ 7 541 ,2009(1): 16-21.

[5] Ugur A > Arslan T. An in vitro study on antimicrobial activity of propolis from Mugla
province of Turkey[J]. Med Food,2004,7: 90-94.

[6] £ > 3frriE . fhvp, 902 FH L BIFEY Ty 2 B[] 8 &4 % > 2012

(33) :305-308.

[7] Bankova V. Recent trends and important development in propolis research[J]. Evidence- based
Complementary and Alternative Medicine, 2005,2(1):29-32.

[8] Castaldo S, Capasso F. Propolis, an old remedy used in modern medicine[J]. Fitoterapia,
2002,73 (Suppll):1-6.

[O] 74 xS 2 ARE 2 Ep g @R EF T ITRJ]lL* F 34 E,2006,8(1):23..

[10] # =@ A AL, 324%, 3 B 5 fraf « BlPadkn £ /Ep iFeniEdp itk [JLY BEEFE
'ZT' %,2010,8(30):2187-2188.

[11] #er A AR & FF 2, E 3425 -t~ BUP&sa LB 5 5 IL-1 ~ IL-6 v TNF-a 3
£ giem[J]. ¢ E] zf& 7 ¥ % %,2008,8(18):11-14.

[12] & @ v, 2 A B g ks Badn RIUBL S <Pl j 4 % wie k= {rcaspase-3 &
bcl-2 2 bax # i£ e vra[J] voIE R T Z]L %,2010,4(7):1023-1027.

[13]i<3 k& % & .5 223 4 % ~ad 0 03] ez 2 0L € & 7 £~ % %38 ,2001,26(2):
116-118.

[14] Shinoura R, Satou R, Yoshida Y, et al. Adenovirus-mediated transfer of Bcl-X(L) protects
neuronal cells from Bax-induced apoptosis[J]. Exp Cell Res,2000,254:221-231.

[15] Krause GS, White BC, Aust GW, et al. Brain cell death following ischemia and reperfusion:
a proposed biochemical sequence[J]. Crit Care Med ,1988,16: 714-26.

[16] 5/ 2, & &, > %, S a2 AF HAFIB-BER 2 24 2 Ry preawm 3 (2), ¢ B8 &
F3R, 2013(13).8 -14

[17] Krause GS, White BC, Aust GW, et al. Brain cell death following ischemia and reperfusion:
a proposed biochemical sequence[J]. Crit Care Med ,1988,16: 714-726.

[18] Farooqui T, Farooqui AA. Aging: an important factor for the pathogenesis of
neurodegenerative diseases[J]. Mech Ageing Dev, 2009, 130(4),203-215.

[19] Tian M, Peng S, Martin FL, et al. Perfluorooctanoic acid induces gene promoter
hypermethylation of glutathione-S-transferase Pi in human liver L0O2 cells[J]. Toxicology,
2012: 296(s 1-3):48-55..

[20] jzzE~ » 70w o ixALE > & MTTi2 {rCCK-8iz iR 22 75 [ 2 iRlif A 2 v 5 [J]. sk
4 4 38 > 2007 > 16(5): 559-562.

[21] =P, 3 RbA, Fpee, %L 4 BRI A 5o ik i ek § IEAR1E 0k e

(J). " merxifsy 5 5 B £,2007, 11(15) : 2810-2813.

[22] Zs 3mb, P2 F % A RAEAZAREEH ~ ETE §F B 23 gz 2 [J]
¢EX A i,ir,\,,ZOIO 3 (30) :790-791.

[23] GB/T 19427-2003 $2%2 @ =7 {5 pr ~ LA 2~ K ER T FF P E T

VEF RIS E AR ¥ B RIS ok 4 F % el [S].
[24] %az.ﬁ/x’l?:% friptts e a gty 2 Py [DL £ 45, % =2 F %+ %, 2008.

[25] Sam SK, Ji YL, Yoo KC, et al. Neuroprotective effects of flavones on hydrogen peroxide-
induced apoptosis in SH-SY5Y neuroblostoma cells[J]. 2004,14:2261-2264.

[26] Gao M, Zhang WC, Liu QS, et al. Pinocembrin prevents glutamate-induced apoptosis in SH-
SY5Y neuronal cells via decrease of bax/bcl-2 ratio[J]. Eur J Pharmacol,2008 » 591(s 1-3):
73-79.

83



[27] Liu R, GaoM, YangZH, et al. Pinocembrin protects rat brain against oxidation and apoptosis
induced by ischemia-reperfusion both in vivo and in vitro[J]. Brain research,2008 -
1216(26):104-115.

[28] Guang HM, Du GH. Protections of pinocembrin on brain mitochondria contribute to cognitive
improvement in chronic cerebral hypoperfused rat[J]. Eur J Pharmacol,2006 » 542(1-3):77-
83

[29] » o T ¥ Z A B X 48 n [RIBAAFTAH 5~ ni®® 2 4|87 3 [D]itric i
Lk FF F o 2010.

84



The preventive role for stroke with active components of chinese
propolis

Sun Liping

(Institute of Apicultural Research, Chinese Academy of Agricultural Science, Beijing, 100093 )

Abstract

To confirm the neuroprotective effective components in ethanol extracts of propolis, a model
of N2a cells injured by OGD was established. Cell survival rate measured by CCK-8 assay was
considered as the screening criterion. GIMSA dying assay was used to observe morphology
changes of N2a cells. HPLC were used as detection and analysis method. The result showed that
the action concentration was no more than 20ug/mL. The appropriate time of OGD that could
induce N2a cells injury was 4 hours. 70% ethanol extract group showed the highest protective
effect that the cell survival rate and the morphology of N2a cells of Spg/mL group,10ug/mL group
and 15ug/mL group was significantly higher than the model group. The result of HPLC qualitative
analysis of 70% ethanol extract suggested that major constituents were chrysin, pinocembrin,

which can be used as evaluation index of the neuroprotective effect of propolis.

Keyword : ethanol extracts of propolis; neuroprotective effect; Oxygen Glucose Deprivation;
High Performance Liquid Chromatography
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Research on the queen’s ovary proteomic of different instar of

grafted larvae

JI Ting*!, PANG Qian', WANG Yin!,SHEN Fang?, MENG Xiang-Jin? , NIU Qing-Sheng?
(1.College of Animal Science and Technology, Yangzhou University, Yangzhou 22500, Jiangsu
Province, China; 2. Anhui Apicultural Association, Hefei 230001, China; 3. Instidute of Apiculture of
Jilin Province,Jilin 132108,China)

Abstract

Objective: To explore the molecular regulation mechanism of instar of the grafted larvae on queen
ovaries development, the effect of different instar of the grafted larvae on ovaries protein
expression of queen (Apis mellifera) were studied. Method: To select differentially expressed
proteins and explore its function during the process, iTRAQ method was used to explore the
proteins of queen ovaries of different instar of the grafted larvae. Result: A total of 452,966
spectrum were obtained and 3642 proteins were identified. Go enrichment analysis suggested that
there were differences in metabolism, cell division and protein biosynthesis. The differential
proteins of 1 day age and 2 days age group enriched in the carbohydrate metabolism, lipid
metabolism, exogenous degradation. The differential proteins of 1 day age and 3 days age group
was mainly enriched in developing pathways, ribosome pathways and lysosome metabolic.
Furthermore, mRNA and protein expression level of hexamerins were exaimed by gRT-PCR and
Western blot. The results of gRT-PCR and Western blot showed that the expression of Hex110
and Hex70b decreased with the increasing of grafted instar, the expression levels of Hex10 in
queen ovaries of 1 day instar of the grafted larvae were significantly higher than that of 2 days and
3 days i (P <0.05). Meanwhile, the expression levels of Hex70b in queen ovaries of 1 day instar
of the grafted larvae were extremely significantly higher than that of 2 days and 3 days (P < 0.01).
Conclusion: In order to provide theoretical basis for the regulatory mechanism of the queen
reproductive development level, preliminary research were conducted on differentially expressed

proteins in queen ovaries of different instar of the grafted larvae.

Keywords: instar of the grafted larvae; ovary; proteomics; Hex110; Hex70b
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(WithRox) » % -k ™ g& > Wstern 5 %% » Trizol 23 p Invitrogen = & > Fast Quant RT Kit (with
gDNase) Fast Quant cDNA % — &5 & %327 & (KR106) Py p A * 324 it g A2 @
X EE PCRZETI& (cw0956) Pgp A % B+ & 22 4245 T2 @ » RIPA ik -
BCA Fv AR TFATIENp F= % =7 > B-Actin -] BLE S lEFikry p b s YRy 4
7R (g S pEdee L X 5d 196 ~ Hexamerinll0 & 5 ff F2i+ ~ Hexamerin70b
Hi B p 3279 (F3) 38207 ECL B¢ #7§ - HRF2ZN -

1131 &N E

% i J < 4o (5430R - Eppendorf) - =% 3 J]{ % (precellys24 > Bertin) - 42 -k )
( Milli-Q Advantage > Millipore ) - 42 # j& w9 s g4~ (VCX130 > Sonics ) » ¥ j&
( Mini PROTEAN tetra Cell » BIO-RAD) : SCX Luna (SCX > Phenomenex) : ;& 4pd ¥
(LC-20AD nanoHPLC » LC-20AB HPLC > SHIMADZU ) - ¢ #% 7y # ~ (UltrafleXtreme >

Bruker ; LTQ Orbitrap Velos » Thermo fisher) §= ABI7500 %% £ & PCR N -
1.2 L33 3

121313 5

BT ET RN T A PR 5 51T 240 5o drqlE 3T 40 6
h’zl‘é‘_—’}‘:’?ﬁy—%ﬁ% Wea v Y 98 h BB RN s d (1p#sd) »122h 2B
Wb entd (2p#%d) 146 h e EM Pz (3p#sd) »27T 13

-
._ v E2

T

Himn — X aifﬁ%ﬁi» BEARAMEFKRT Y o

122 -9 j ehk B3 0P

Pt e 15 A3 oE PR LA s R wmfgﬁ e qJIz NECE - ¥ =M (N
B} v;‘—ﬁ? ¥ oo KPR ias o P e Bradford v T EET| £ ITHBLP 4 2 ZoravER D F 2 E
P ie o 4 #5095 Coeft 5 min 57 12 % SDS K3 i feiesisz ~ 120 V 2 i ¢ 74 120
mine #2482 FTL7ELI 2h> * F=x30min * B d BHJF 3-5=t -

123 3¢ % fFfaz iTRAQ e

89
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Figure3-1 Standard curve and SDS-PAGE of total proteins of ovary
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Table 3-1 Quantification of protein isolated from ovary

e Concentration (ng  Volume (pL) Total Protein (pg)
1p 4 & 2 17'63 200 3526
2P A 2 15.62 200 3124
3P i{é“ﬁ% LEgi: A 4.89 200 978

Fv B w5 R FC & %)# (Total Spectra) & #c# 452966 4 - 7 e %)% (Spectra)
4 55600 4 - 7 feendF g PRECEFSE (Unique Specra) * 53239 4 0 B = 3|k EL (Peptide)
422423 4 > 7 peengF 3 PREL (Unique Peptide) * 21958 4 > &% jx ¥ 3642 4 F-v o %
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Distribution of Protein's Sequences Coverage
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Figure 3-2 Distribution of protein’s sequences coverag
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3) clp @B P3P NPT P ) RFN335 1 L5 Fo £ BV A& 172
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Table 3-2 Pathway significant enrichment of DEPs (1d-vs-2d)

Pathway DFPs with pathway Pvalue Pathway ID
annotation (360)
Fructose and mannose 9 (2.5%) 0.00240698 ko00051
metabolism 5
Hematopoietic cell lineage 6 (1.67%) 0.00247158 ko04640
8
Renin-angiotensin system 4 (1.11%) 0.00260522 ko04614
3
Amoebiasis 10 (2.78%) 0.00538022 ko05146
6
Steroid biosynthesis 4 (1.11%) 0.00550025 ko00100
3
Steroid hormone 7 (1.94%) 0.00923995 ko00140
biosynthesis 2
Glutathione metabolism 9 (2.5%) 0.01116017 ko00480
Focal adhesion 18 (5%) 0.01274657 ko04510
Metabolism of xenobiotics 8 (2.22%) 0.01491999 ko00980
by cytochrome P450
Galactose metabolism 7 (1.94%) 0.01572944 ko00052
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#. 3-3 DFPs pathway T ¥ % & 4 47 % % (1d-vs-3d)

Table 3-3 Pathway significant enrichment of DEPs (1d-vs-3d)

DEPs with pathway Pathway
Pathway ] Pvalue
annotation (248)
Arachidonic acid metabolism 4 (1.61%) 0.01370989  ko0050
Glutathione metabolism 7 (2.82%) 0.01423081  ko0040
Ribosome 13 (5.24%) 0.01516226  ko0300
Hematopoietic cell lineage 4 (1.61%) 0.01852978  ko0460
Glycine, serine and threonine
_ 6 (2.42%) 0.02946432  ko0020
metabolism
Olfactory transduction 4 (1.61%) 0.03099191  ko0470
Phototransduction 3(1.21%) 0.03306556  ko0474
Lysosome 11 (4.44%) 0.0373622 ko0412
Cell adhesion molecules
4 (1.61%) 0.03869068  ko0454
(CAMs)
Calcium signaling pathway 6 (2.42%) 0.03972304  ko0400
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4 3-4 DFPs pathway 5 ¥ 3 & A 5 % % (2d-vs-3d)

Table 3-4 Pathway significant enrichment of DEPs (2d-vs-3d)

DEPs with pathway
Pathway _ Pvalue Pathway 1D
annotation (278)

Drug metabolism -

10 (3.6%) 8.74E-05 ko00982
cytochrome P450
Metabolism of xenobiotics
10 (3.6%) 0.000124931  ko00980
by cytochrome P450
Oxidative phosphorylation 16 (5.76%) 0.002092483  ko00190
Drug metabolism - other
8 (2.88%) 0.006185456  ko00983
enzymes
Glutathione metabolism 8 (2.88%) 0.007594787  ko00480
Rheumatoid arthritis 6 (2.16%) 0.013076 ko05323
Herpes simplex infection 9 (3.24%) 0.03100609 ko05168
Steroid hormone
) _ 5 (1.8%) 0.04030873 ko00140
biosynthesis
Synaptic vesicle cycle 7 (2.52%) 0.04564869 ko04721
Phagosome 12 (4.32%) 0.04728712 ko04145
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The preparation and characterization of EEP liposomes

GUO Xiali, LAN Yahui, ZOU Yihong, LI Xiong, LUO Liping
(School of life sciences, Nanchang University, Nanchang Jiangxi, 330031, China)

Abstract

Based on liposomes having a cell affinity, for degradation in vivo, non-toxic and non-
immunogenic characteristic, liposomes as drug carriers and controlled release of a drug having
a targeted organ. The thin film evaporation-dynamic high pressure microfluidization was used
to prepare EEP liposomes with soybean lecithin and cholesterol as the membrane materials.
The characterization of prepared EEP liposomes was examined by dynamic light scattering,
transmission electron microscopy, DPPH radical scavenging activity, low temperature storage
test The results showed that the average size was 68+14nm, encapsulation efficiency was
97.80+5.21%, the appearance is uniform spherical, Ke value was 2.53+0.05%. The liposomes
obtained were incubated at 4 “C for 90 and 180 days and its encapsulation efficiency fell 16.74%
and 28.77%, PDI fell 6.61% and 14.32%, AAl was 2.78 and 2.71, respectively. Contents change
of 7 compounds in EEP liposome were 1.08% ~ 6.63% analyzed by HPLC after 180 days
storage time, lower than 5.55% ~ 19.42% in EEP. This study highlights the protection of
liposome for EEP.

Keywords: Ethanol extract of propolis; Liposome; Characterization; Stability
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Fig. 1. TEM micrograph of EEP liposome
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Fig. 2. Particle size distribution of freshly prepared EEP liposome
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Tab. 2. Content of 7 standards in EEP and EEP liposomes for 180 days storage time
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Fig. 3. HPLC chromatogram of mixed seven standards(a), HPLC chromatogram of EEP
liposome after six months(b) and HPLC chromatogram of EEP after six months(c) under 280

nm. Peak:1.Caffeic acid;2.Epicatechin;3.p-Coumaric;4.Ferulic acid;5.3,4-Dimethoxycinnamic
acid;6.Keampferol;7.Chrysin.
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The Preparation and Characterization of EEP Calcium Alginate-

chitosan Microcapsules

Guo xiali, Lan yahui, Zou yihong, Li xiong, Luo liping*
(School of life sciences, Nanchang University, Nanchang 330031, China)

Abstract

Microcapsules could protect substance from the harsh environment conditions, cover up
the smell and color, reduce toxicity, prolonged storage of volatile substances, delay or control
the release of the capsule core materials, etc. The calcium alginate-chitosan microcapsules of
the ethanol extract of propolis (EEP) were prepared by the complex coacervation, and were
characterized by particle size analyzer, confocal laser scanning microscope (CLSM), FITR, X-
ray diffraction, a simulated gastrointestinal tract model and a temperature-accelerated test. The
results show that EEP microcapsules were spherical with a mean particle diameter of 265+25
nm. The encapsulation efficiency and loading capacity values was 72.80+3.8% and 19.96+2.4%,
respectively. The in vitro release rate of EEP microcapsules in 8h was 46.60+£0.80%. Contents
change of seven compounds in EEP microcapsules was 14.01%~39.68% analyzed by HPLC
after a temperature-accelerated test, lower than 37.01%-77.45% in EEP. The prepared
microcapsules have small particle size and better stability with a fitting release rate to the enteric

system. Therefore, the active substances inside EEP microcapsules were well protected.

Keywords: ethanol extract of propolis; alginate; chitosan; microcapsules
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BREFER G H (M)fr A-14 20 LAls 9 BEER DG LG Ra = - FIHZ 5 23

ﬁ‘i%%ﬁﬁ‘i%w?ﬁ#i%%ﬂﬁuiWﬁ%ﬁ’ﬁfzwj%&1ﬂ~%
?5.1 1N | G AP S e A L AN I 3575-{?#:\'. F o~ ﬁﬁ‘lfﬁ#iff’iﬁvf"f‘ FEepr £ X

DETLLEA IS ﬁlﬁfx,ﬁ] A 5 ¢ /‘ _COO Bg y ¥ A Iﬁ;ﬁ&é}] KA R v ] e N F S B
Gi=~ (al-+ @%wm)ﬂmebawﬁ'mwgéiiiﬁm’@ﬁ%&ﬁ@ﬁ
RAET o Ftr Ca¥ BRI § A s Mor ¥ L2 2 o A RU(chitosan) £
BAEM SR ES o d " A A (chiting % Bl grit & R 509000 L pRAAIS A &
TERENAPAE T AL ER T EEP I A ERS AEL T TNk ERE/
AEMMTE 2 B RAFd S ap o

grElg g g AAIVRFIE S 241§ F K 5 - R MR 0 TR i
B AatriEia AR fed B PHEAR E A 2P 2 A 20m T 5 200% 0 ooz
FIE 2o AL Fe v LR LA RS AR E S A2 H a2 S
%*?%5%%%ﬁ’ﬁﬂmﬁwﬁlﬁtmmﬁﬂﬂWMm’éﬁ$&$i3&&%0
Mirian®lx + &g B R o migsa kB d o 14 2 3o fok i B > 7 ocdt
FRREPP > FEATOE TR e I JHHFn? g s e &
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Baoo Ay ek o F A 2-200 pm o A IZS ]Sk R 4 102 1O4um
FerllSl ey = BALR PR A R A L PR A LI o Bk

MEEFHLAGAES T AFIE B F ABEnEREY > 1T A e

7w

—_

gl g d S0 RFar R P50 fé?x’j'lé‘_s‘z E A O R AL
L
|

pHEg i‘ll{?’“:ﬁ’é_‘éﬁlh?-i‘f&’“bﬁ‘éikjSO%mq# YRR
e 7RG

SRR SRR PR R e R R AL e B
SF o AT UL, B R ERBHEARGE EEP Motk o L dRREA
PR~ ek £ ROE F AR S itk R N e X B AN A T s BRI S o R
Femoadglg TR 2 AR XA R BT MR R T AP RN
F f17 s& 52 EEP frv e s ~ poit TV dah o i@ B T chi A

EEFE - DL

1. ##lh 32

1.1. ##d b &7

EEP #F : 2%o2% p 4l e 2 120(WiV) bliS 3 7% X 9 237 60%% ke
FET 60 C-Rip#P3=t > 3 ViR e 22 A 5004 % 2 Ak glo.

PBS % # % (pH6.5) 9% p 4] » ARME(H L fEAE>95% » #A 100-200 mpa.s)
4 Jepss (CP > #:& 200+20 mpa.s) ~ Tween 80(4 15 44) » CaCla( A 47 ) ~ ¥ v fis {7y
REER P PR T ORT > AL F R R R R p Y B S AT ) 0 p-F B
B~ PR AR S FEREHA RN Y FRGHTHE R AB T RE L
(Ld)»3:4-2 7 5 Ap HE 20 F -0 9% >k~ § R0 fE{o%pEry p o Sigma-
Aldrich -
12. R Bk &

LSM 710 3k 4= = B K T ficst(Confocal Laser Scanning Microscope, CLSM) : 4g, ]

CARLZEISS ; % # v X-5F 3476 N @ % F Bede = & ; £ ] Agilent 1200 3| % »%/% 4p ¢
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HN o ke - g SR E (DAD) - G2170BALC it ¥ 1 %3 5 Nicolet 5700 i% 2 »*
T o kN D EERERLF A 2P ;5 Nicomp380 ZLS 4 wick ik & 4 47 K 2 [
PSS # A& N 2 2 > California » USA 5 ¥ ¢h 7 o Rk B4 D m F 78 * R EF U
Eaf S JAC300 42 F RN T LA BT ¥ g»,s U2 P RES2-05 %4 % 4 1
jﬁﬂ%iﬂwﬁfiﬁﬂﬂﬂﬁ%¢iiﬁi ‘FA PN ES B33 A4
e PR D F A P A N EF 1A P KQ-50E 34 # -‘ﬁt% A LELIRLTNEF R

AR

4;;

1.3. EEP #cve 41 &

# Pakamon CH71 & e 2 Bk b 4 iv22i2 o B~ 0.6 mL 9 EEP ¥ fi$i% /% (10 mg/mL)
ZFHF ~ 20mL 5 s ki3 R [0.6mg/mL > B ¥ 75 1%(w/v) Tween 80] » 40 'C - 450
pm IR R TAT 20min FER PRI ZE S 0 4v » 4 mL CaCly % i%(0.67
mg/mL) » 550 rpm 474X 30 min 8 3|z B E% 0 » BER P 4o r 4 mL A BAER
%[03 mg/mL > A& 75 1% (v/v) fEp&iz k] > 40 C > 550 rpm 3~ 30 min 7 = fic3 §
R B AT SRE R EEP ik R - RO Bk & 0 i 4R EEP it
£ (F1)e
14. EEP B2 E A5 328 ~ Rt o F ~ F 4k f- HEFEF P T

R* 5 Fr§ fa k2% (Fluorescein Isothiocyanate » FITC) e A R4 - A B S
FITC f & v+ % 25:1 » 4% FITC e » A RMZ Y » 225 CARTF L 4h 527 e
AEMEZR L ARBEEIRELIZH S 4'?5(’95% I E g AR E T PBSE PR
P4 0 TSR R S5 FITC > & CLSM ™ L2408 fE) %

&<t o P 2 % NICOMP380/ZLS jscsk K & A 47 W > PLE & B 90° » P& R
L (2520.1) C o B kL X 1 632.8 nm - L& LiRliE T 4§ T kAR 106 .

% (Encapsulation efficiency » EE) @ 4 %|B& & (> iche | B0 » — > % 547

2% 8h (W LAEIPE4r 8h 287> ) FBEMP RR® Lk st
7 Tween80 ¢ 2 L A B G F R ERI T > WL g p s BB ERE Wi ¥
- P AREWIRALBPEFEBRN L T ERHERE Woo FHER

a3 (1) + 5 o

EE%=(;-)x100% (1)
ZF\' & (Drugloaded content » DLC) : B~ % 7 £ s EEP "2 » fr £ 8 7 £ 754
Wi B A SR L B 5 B L HARHGRTA M@ EEP ¢ K s £ 0 2l
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e mAEEP f R4 Wae 5250 (2) HERHE -

DLC%:(%)xlOO% )

## 5 (Yield percent > YP) : Bv— . e it R - frE H B ,ﬁg;&,‘ ERE
Be13741§ EEP e Bk » @RI AR L AT HEMmgPbx  EH G R
We o #2308 (3) »R#HE -

YP%=(2)x100% 3)

...3\

1.5. %% FTIR fv X 8¢ B 475t N & 72 A sz £ 3538 5 3

Pja g pea ~ ARHE ~ EEP Mot 3 P &2 65 FTIR A 47 © P~ 1-2 mg &4 » 3|
200 mg KBr#s % (% 3/ Ba F%) ¢ » Ao Rmed™ ¥ 7 125587 ek Y 7 B 2-3 min o
REALSRE c WFEEHOREFBARF S8 T 2Ny 2Rk (28
74000 cm'-400 cm') o G F ek kg F] o

J%h FEREA ~ A BUE EEP FEP Mcvr RS 5k o 20 X S8 st A 5
Cute » A 43 KV # % 100 mA > 4= 3 71 3~20° -
1.6. et R g —HH R § 5B ¢ e F (Release% > R%) P

1% EEP 25z & 4c »~ $ch2 j% 5 /% (Simulated Gastric Fluid, SGF) (w/v) > SGF ¢ 3
g/LNaCl ~ 1.1 g/LKCI ~ 0.15 g/L CaCl, ~ 0.6 g/L NaHCOs ~ 3 g/L SDS ~ 0.21 g/L % #-v fi#
e 0.25 g/L *qdppe e > % 1.0 M HCl A4 %] %0 ~5~30~ 120 ~ 180 min =5 # 4% pH &
MED 6.0~35-30~2542.0c F [ E#EL A 39.0£0.5 C > 100 rpm FdEid & ek it
Ti2EF o A% AE0~5-10~20~30~40~60~ 80~ 100~ 120 ~ 180 ~ 210 f= 240 min B
P~ lmL 3R aHodn2 R e i 0 FABHE QP},"]&*‘cEﬁfé_%‘rﬁi SGF - 240 min
&0 e 1 mL% gd fEiG R (2 mg/mL) > 14 mL %+ ;3% (40 mg/mL) > 7.5 mL &%
”fjl‘i?_;\ & > o 7.5 mL snich %% (Simulated Intestinal Fluid, SIF) (0.6 g/L KC1 ~ 5.0 g/L
NaCl ~ 0.23 g/L CaCl2'2H,0 4= 3 g/LSDS) % SGF ® o 4 %] & 240 min = 300 min pf & *
1 M NaHCO; % & pH &3] 5fc 6.5 4h p &35 2p @ 3 15 (30 min) Jc & 1 mL 9% %
RRE kR 0 F R U]w % 8 778 SIF 4h 4 o

$n=ipeaEps B4 8 1 EEP f 85 W % n =R 2 aiChiT B¢ h A
s Voo fgede riopiee g f20st Wo glen g f £ Wl‘arf\”’ﬁ DLC%#p 3 *r ¥ {8 5]

4¢ ~ ¢ EEP V—Pffg_ o ﬁﬂs;«,:}z’: gt 5 N 4eT o

F_‘-
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R = VXV 600 )
W DLC%

1.7.4v 3% 3 3850 = EEP fic%2  Ac 2 i

Bo— % ¥ EEP " i3k foe m % § EEP ez § &5 3% » 60£0.5 °C ehlaig it 4
2T 9 dieid g R L GHTRRFR AT G B HEY T ERIB T
77 50mL 3 £5L > HPLC ;202 8 ¥ vetfit ~ 2 L 3% ~p-F EfL ~ PHLEE ~ 34-C
PEAPBE CLAR O BRI RFES L AASIEY B E PP g
i g ® o HPLC ¢ +# 4 i+ % 4 s# 4 : ZORBAX Eclipse XDB C18 ¢ ¥4 4.6 mmx150
mmx5 pm 5 inFAp 1P AR (SRR AR A) e 0.1%7T Ea-kizie (onet4p B) s imiE t 1.0
mL/min ; 4% 35 C 5 #£PA X 1256 nm ~ 280 nm ; 2 $£F 20 ul o R * R EH
Ak ]

% 1. BB RSB AR B
Table 1. Ratio of mobile phases for gradient elution

Bt 4 (min) 0 5 6 7 40 50 55 60
AR AT ER (%) 5 30 30 40 47 55 65 25
w4 B 0.1 %% pa--k (%) 95 70 70 60 53 45 35 75
1.8. 34 138

fI* Excel 24t -t &b d 3 FEIM w22 482 4pX kdc o rj g T

]7::,;\ ’B’sli’]ﬁo

2.5 % b b

2. EEP it A 3R fr e A% ~ e 3 F RHE oW F

ZdAAFEEI TR R (B 1) 537 koA der b FRaT
AEMES A LEF AR - BEEW (R 2P RIS ) L EWA S L e P o
Bl o E RS- b aldsie a2 VB o R AR oV LARED
MWe gt iam) st o P ewg TR c RREAFTRIPEMKTEPEE
% 265425 nm - § &4k 4 (PDI) & #+ 0.3419£0. 025 » 424 n PDI ZEP 1] 8 i i

SN NP = I
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% 1.z g *x (a) 2 2 CLSM (b) R % o
Fig. 1. EEP microcapsule powder (a) and its CLSM (b) photograph.
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EEP /% jkpes /2 B s#c2 & EE ~ DLC 4v YP A %)% 72.80+3.8% » 19.96+2.4% -
11.06+8.2% ° 48 I ckEt & 327 ind» i it EE~DLC & 3 % F o Azevedo!'®1* ja Jpk
Hic A B T4 B4 ¢ 4124 % BoehEE ~ DLC 4 %] % 55.9+5.6%1c 2.240.6% o % 32[1%
&% b A /A RMES B B-HL 4 % <9 EE~ DLC ~ %1% 70.8%7r 9.5% > B &7 £ F

FenemEk s wv gt 98 7um £ EF T AEFE265nm o i it AR
g it FEGEEP 5 R RA /AR RS G RE e g ﬁ%»ﬂo

2.2. FTIR 4~ %

F]2a ¥ Lk EMA BT P A T C A 1616cm-'d A xF4n R AL
i o f 1417 em! od af 45 1 ‘;@’-ﬂi&éﬁ?% v 1032 em™! 5 F - 4 { ok o £d T
COH e fggr = o ARMER 3434 om™ 2+ I 7 - fRE _’rrw)”uivé (%) 2b) > &_F)4
T RRMEAET £ AR ATt e (z%ﬂw’j-%{NHs*) $r 7 4 e B 1650
1600 4 1424 cm™! 2% e & § 4 & 45 =5 = 58 % NHy codfafed a4 faenB o Je = 2 4 9% o
% 2c¥ > AEAE-AERS A E A 1623 emT & I I 4 5 iy B4 A ERA 9 COO-
A PR FARMEDE AL 1600 om™ e g A T o e e T AL EE Y e g A
% 1 COHfr NH3 A P2 4 eng 3 3 5% » 4 1080 cm™! 'pif o] exfeif & 4 7 o
AP ARMEY g Ao ERA P hE ALY A T BRI Er o d BT de s A
BT B A AR R T -

2.3.X 525 fr bt R A 45

i XRD F3§ (%] 3) ¢ 0 F OUALREIE LA - AR - EEP chi & fTit
AN A AP R EZEERR 2 H 2R (F]3d) w270 IR EsLE > £
PIATERA AR A S o 3Y e ST AL LP A X A BT 8 A G Bk e R A ~ AR EEP
PR G a AR R e RARMES AR L) S g o S RO 2k s 4T

B
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Fig.3. X-ray diffraction pattern of sodium alginate(a), chitosan(b), EEP(c) and EEP
microcapsules(d).
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Fig.4. EEP microcapsule release rate in SGF and SIF for 8h (%).

dOEAT L AR RFEY BT 240min o MR Y R f e g o)
15.54+1.42% » @ sz & i ® £ 5 30.9622.32% 5 £ 4 F AR R o P A A
BT e d G DA R AR 4 RES SE EE PR o BKP FRR

Yoo ke P AT RAR] o BRF ARG o 0 AEBARY BTHP AR Mok

Fod DR ERRITAR P E o otk S Y O T AR L 0 26 5 R R BT
BRI RV a4 M Bk dRF o EEP it & LA MG R E AR

BEeris iR FIU BT R AL BB A fUL Bk
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LR T A TP AR T B Ml T R AR R R iR
SRR S L PR AR S S A i R
AEEd o BT AR o g in BEP ¢ RIFY 4R A LA FRY e kR0
Prosd QBTG S 5 A RS S S DR ARS 6 0 N T RN e Fl2 P
A b Fga7 A o A RHURR Y DA IR EAFF L AP R E LA

A U BE Y T MY SRS BR R AT P T4 RS MK
W R T A apE s LB BN A 0 T bl Tl R g S

22 f MRS AR AFRY D T AN RS A BHT AR R SR
EEP i & i en 32 3 Fpd o aafdm ~ £ TP afihi®aik? &8
I ZRE RS DRITE o ST AR AR T R 8h o ¢ EEP E 2k
% 4 46.60+£0.80% ©

=t Pakamon CU3lAp e i #h #0h2 & 12 T chpiesr f B2 5 4 89.5%~91.6% » 1 % J.P.
Meuniel®eiapieve § 23 g 4 87.2+4.3% > AR | @ o B £ 8 h B Y 5
Fhp ARz VR HRFIALARERY DB LA FR R 5 R R
Mol g & a0 X5 AP P o e R B RS o B kY R b
ik ERIE-T IR O

2.5. EEP #c5% f infl 24

beigoE it feY CEEP Y efs i d T F IV F X R T8 o HPLC A1 # ¥
TR LR R R AP (% 290 5) 0 9d4eiE g G chEEP Mcv ¢ vt - 4
nf%~pé§&~ﬁ@&~mé?~é%%§§ﬁ%ﬁﬂﬂ¢w1%:3mn49@~
34.18 ~ 36.17 ~ 25.48 ~ 193740 14.01% » @ * % ficva & ¢ 1 HBEP » 9d 4ei# g 38 2
ﬁWéﬁ‘%“F%‘pééﬁ‘wﬁﬁ‘ﬁéﬂ‘é%%§§¢WT%1'ﬁ%\
86.56 ~ 58.16 ~ 63.01 ~ 48.40 ~ 43.284r37.01% » A ¢ WEEP ¥ s 1 &4 7 $£ 474 v ik
s b EEP ¥ 4p it &4 5 1 50%10 ¢ o P pcir f & s EEP ¥ s £ L L4 E
LS

# 2.9d4i#E 272 EEP{r EEP ic*2 £ ¢ 7 #* +7i~4 BB % 7 £ (mg/g EEP)
Table 2. Content of 7 standards in EEP and EEP microcapsules for 9 days acceleration test

vt ALK 2 p-AEf MR 34 FARHE LZp Y153

Frie EEP 9.18 3.20 1.96 6.11 3.14 16.52 32.04

deig R L S f 3y
T ;»5'/;%; EEP fic*2 5.63 1.93 1.29 3.90 2.34 13.32 27.55
4eig R e 2 EEP 2.07 0.43 0.82 2.26 1.62 9.37 20.18
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Fig.5. HPLC chromatogram of mixed 7 standards(a), EEP microcapsule (b) and EEP (c) after
acceleration test under 280 nm.

3. %4

ARG LA RS oA BAEL B4 ¢ 1 BEP > 2 # 4] § EEP 4 Epa A BB
oo IR BRI A ] % 265425 nm » ¢ 32 5 et 3 R i 5] 72.80+3.8%Fr 19.96+2.4%
thadh Aol Biid FITR ~ X S 3 575t N L% R A fo i BOEF 127 = ik
e s AHCPIE Y RIcMRiR A T or d 8 h B ik F 46.60+0.80% ; HPLC A 4% %
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Beekeeping Development in the World
Xu Ming, Chen Lihong*, Siriwat Wongsiri

Abstract

This review recounted the general situation and trend of development of world apiculture
through analyzing the changes on honeybee colonies in key beekeeping countries from 1961-
2013. The result shows: the world colonies had experienced rapid development in the twentieth
century, which slowed down in early twenty-first century; while the number of colonies is still
growing in Asia and Africa, it is declining in developed countries. It is prediction the whole,
the apiculture will continue to grow especially developing countries, the number of world

honeybee colonies will also continue to rise.

Keyword: beehive, beekeeping, honeybee, colony, world

Honeybees are social insects (Crane, E. 1990) that benefit human society, the ecosystem,
agriculture and biodiversity. The value of honeybees lies not only in their products, but more
importantly, in the role they play as pollinators. Globally, 80% of flowering plants rely on insect
pollination, of which 80% were conducted by honeybees, 90% of fruit trees are pollinated by
honeybees (Jurgen Tautz, Helga R. Heilmann, 2007). In North America, honeybees enable the
production of at least 90 commercially grown crops; native pollinators contribute more than 24
billion dollars annually to the United States economy, of which honeybees account for more
than 15 billion dollars through their vital role in production of fruits, nuts, and vegetables
(USDA Forest Service: Pollinator Fact Sheet, 2014). The quality and quantity of crops, fruits
and vegetables are increased through pollination by honeybees. However, to our dismay, the
past decades have witnessed severe upheavals in managed colony numbers that may have strong

repercussions for certain countries.

1. World Total Honeybee Colonies
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In the early 1960s, the total world population of honeybee colonies was 44.17 million,

according to the incomplete statistics by Food and Agriculture Organization (FAQ); this

number increased slightly from 1960 to 1970. In early 1970s, the total had grown to 46.02

million, up 4% from the early 1960s. The number of honeybee colonies worldwide maintained

this growth trend in the 1980s. In early 1990s, colony numbers grew to 59.74 million, up 26%

from the 1960s. By 2009, the world had 65.38 million hives, up 8.6% from the early 1990s, and

a 32% increase since the 1960s. In general, it bodes well that the worldwide total of honeybee

colonies has been growing in a consistent upward trend (FAO Statistics Division 2011) (Table

1, Figure 1)

Table 1. World Total Honeybee Colonies (1961-2009; Unit: Million)

Year 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970
Number  44.17 44.647 44.97 44.62 44.07 44.58 44.79 45.07 45.987 46.029
Year 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980
Number  46.17 46.48 47.01 46.90 47.45 47.44 4.790 49.40 49.99 51.20
Year 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990
Number  53.25 54.22 55.17 56.46 57.96 57.63 58.04 58.58 59.74 59.64
Year 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000
Number  61.00 57.68 56.48 56.07 56.36 56.35 56.70 57.30 58.70 59.38
Year 2001 2002 2003 2004 2005 2006 2007 2008 2009
Number  60.33 61.71 61.93 63.36 63.62 65.43 64.91 65.43 65.38
70.
52.5
» ] I I I
17.5
g
= 0.
P 1961 1970 1980 1990 1995 2000 2005 2009 Year

Figure 1. Changes of the World Total Honeybee Colonies (1961- 2009).
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2. Continental Distribution of Honeybee Colonies

In the early 1960s, Europe was the leading beekeeping continent with 21.09 million
honeybee colonies, accounting for 48% of total world honeybee colonies (44.17 million).
Americas ranked second with 10.02 honeybee colonies, accounting for about 23% of world
honeybee colonies. Africa had 6.85 million colonies, accounting for 15% of the world honeybee
colonies, ranking third in the world. Asia ranked fourth with 5.7 million colonies. Oceania
(including Australia & New Zealand, Melanesia and Polynesia) had 0.5 million colonies,

accounting for 1% of the world total.

From the 1960s-1970s, honeybee colonies in the above continents continued to grow, but

the ranking remained the same.

After 1980, the colonies in all continents kept growing, though Asia and Africa grew faster,
surpassing Americas to take the second and third position respectively; Americas and Oceania
grew steadily, ranking fourth and fifth, while Europe continued to account for the most colonies

in the world.

In the 1990s, the number of colonies in Europe reached 22.69 million, up 7% compared to
the same period of 1960s, making it a peak record not yet topped by any other continent.
Meanwhile, Asia and Africa both experienced fast growth. Compared to the same period of the
1960s, Asia’s colonies more than doubled, reaching 13.43 million; Africa increased 48% with
its colony numbers attaining 12.69 million. By contrast, Americas and the Oceania experienced
slight increases. With the advent of industrial revolution, the gradual aging of the population
engaged in beekeeping, and the occurrence of mysteriously disappearing honeybees in Europe,
the number of honeybee colonies and the apicultural industry plunged sharply, leaving Asia the

number one beekeeping continent in the world.

In the twentieth century, all continents except for Europe maintained a growth trend.
According to the incomplete statistics released by the FAO in November 2011, the number of
honeybee colonies in Asia reached 22.35 million by 2009, accounting for 34.5% of the world
total (65.38 million). This represents an increase of 39.9% compared to the 1990s, and growth

of 74.5% compared to the 1960s. During the same time period, the number of honeybee
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colonies in Africa reached 15.99 million, accounting for 24.5% of world total honeybee
population, slightly surpassing Europe, an increase of 20.7% and 57.2% compared to the 1990s
and 1960s respectively, making it the second largest beekeeping continent in the world. In
contrast, Europe experienced sharp decreases in numbers of honeybee colonies; its 15.85
million colonies accounted for 24.2% of the world honeybee population, a reduction of 30.1%
and 24.8% compared to the 1990s and 1960s respectively, falling from the top spot to third.
Americas maintained a steady marginal growth; its possession of 10.48 million colonies ranked
it the forth in the world, accounting for 16% of the world honeybee colonies, an increase of 3%
and 4.3% compared to 1990s and 1960s respectively. Oceania owned 0.71 million colonies, a
reduction of 5.3% compared to 1990s, but an increase of 28.1% compared to 1960s, accounting
for 1.1% of the world honeybee colonies (FAO Statistics Division, 2011; Chen L., 2009) (Table
2, Figure 2).

Table 2. Continental Honeybee Colonies Distribution (1961-2009; Unit: Million)

Continent\Year 1961 1970 1980 1990 1995 2000 2001
Africa 6.85 8.15 9.37 12.69 14.12 14.39 14.68

Americas 10.02 8.96 10.03 10.17 9.55 10.75 10.71

Asia 5.70 7.23 9.62 13.43 15.80 18.09 18.49

Europe 21.09 21.11 21.42 22.69 16.08 15.34 15.69

Oceania 0.51 057 0.76 0.75 0.80 0.80 0.74
Continent\Year 2003 2004 2005 2006 2007 2008 2009
Africa 15.55 15.99 15.53 16.37 16.05 16.51 15.99

Americas 10.59 10.60 10.46 10.71 10.41 10.48 10.48

Asia 19.48 20.15 20.84 21.25 21.35 21.73 22.35

Europe 15.60 15.9 16.10 16.41 16.37. 16.00 15.85

Oceania 0.706751 0.676759 0.675329 0.69 071 0.71 071
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Figure 2. Changes of the Continental Honeybee Colonies (1961-2009 , unit: million).

3. Apiculture Development in Key Beekeeping Countries in the Twentieth

Century

The former Soviet Union used to be the biggest beekeeping country in the world. As early
as 1961, the Soviet Union alone accounted for 10.25 million colonies, a quarter of the world
honeybee colonies. At the same time period, China’s was home to only 3.35 million, just one
third of the Soviet Union. The top ten beekeeping countries in the world were: the Soviet Union,
the United States, China, Ethiopia, Germany, Mexico, Turkey, Poland, Angola, and France
(Figure 3).

In the 1970s, former Czechoslovakia, with its colonies exceeding one million, overtook
Angola, becoming one of the top ten beekeeping countries in the world (Figure 4). In the 1980s,
China moved up to second place in the top ten after a quick expansion of its honeybee colonies.
Later Angola and France were replaced by Greece and Argentina when their honeybee colonies
passed one million (Figure 5). At that time, other countries with more than one million colonies

were Romania and Kenya.

Before its break-up, the Soviet Union had led the world in hive numbers. Even until the
early 1990s, as the number one beekeeping country, it owned 9+ million colonies, a historical

record which so far has never been broken by any other country. Concurrently, China’s colonies
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had doubled to 7.48 million compared to the early 1960s, ranking second in the world. Other
key beekeeping countries, such as Tanzania, Egypt, Poland, took the spots of Germany, Greece
(Figure 6). And Iran, Argentina, Span got into the world top ten when their honeybee colonies
increased rapidly (Figure 7). In the beginning of the 1990s, the break-up of the former Soviet
Union and the split of hive numbers into independent countries, led China to the top spot in
colony numbers (Figure 7). Toward the end of twentieth century and into the new millennium,
only China, the US and Turkey remained in the top ten, while all the others were all overtaken
by countries of South America and Africa, leading to a reshuffled top ten list: China, Turkey,
Russia, Iran, Ethiopia, Argentina, United States, Tanzania, Kenya and Spain (FAO Statistics
Division 2011) (Table 3).

Table 3. Honeybee Colonies in World Top Ten Beekeeping Countries (1961-2000; Unit:
Millions)

Country 1961 Country 1970 Country 1980 Country 1990 Country 2000

e (o 18
---- aprp—_—

Ethiopia 4 Ethiopia 290 Ethiopia 3.42 Turkey  3.28 Iran 3.35
Ger;”a” 2 Turkey 179 Mexico 238  USA 321 Ethiopia 3.22
Mexico 198 Mexico 167 Turkey 223  Mexico 2.11 Arg;”“” 2.80
Turkey = 1.48 Ger}r,“a” 150 Poland 221 = Kenya 200 USA 262
Poland 12  Poland = 1.39 Ger;"a” 153 Tanzania 1.80 Ta“az""”i 260

Angola 1 France = 1.07 Greece 1.13 Egypt 1.65 Kenya 249

Argenti
na

France 0.89 CZzekh | 1.06 1.10 Poland 1.65  Spain 2.13
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Figure 3. Honeybee Colonies in World Top Ten Beekeeping Country (1960’s, unit:million).
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Figure 4. Honeybee Colonies in World Top Ten Beekeeping Country (1970’s,unit:million).
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Figure 5. Honeybee Colonies in World Top Ten Beekeeping Country (1980°s,unit:million).
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Figure 6. Honeybee Colonies in World Top Ten Beekeeping Country (1990’s,unit:million).
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Figure 7. Honeybee Colonies in World Top Ten Beekeeping Country (2000, unit: million ).

4. Trend of Apiculture Development in World Key Beekeeping Countries
in the Twenty-first Century

Entering the twenty-first century, with the development of science and technology,
industrial transformation and the influence of various factors, the number of honeybee colonies
declined in most of the developed countries, leading to Europe falling from the world’s number
one beekeeping continent to the third. Meanwhile, apiculture in Asian and African countries
started to boom; it also grew steadily in the Americas and Oceania (FAO Statistics Division
2011) (Table 2).
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The statistics of FAO released in 2011 shows that, during 2000-2009, the following
countries could be found in the world top ten beekeeping countries list: China, remained number
one; Turkey, stayed in second place; Ethiopia, Iran and Russia kept their third, fourth, and fifth
positions respectively since 2002; Argentina and Tanzania steadily held the sixth and seventh
position; the United States, due to the impact of Colony Collapse Disorder (CCD), dropped
from eighth in 2000 to the tenth in 2009; Kenya and Spain surpassed the United States, rising
to eighth and ninth place.

11.25
=—2001
SHUUS —8-2003
2005
6.75 - =0-2007
=0-2009
4.50 o
!
2.25 |
|
.00 T T T T T T T T T T T T T T T T T 1 !
China Russia Tanzania Spain Korea Greece \

Figure 8. Changes of Honeybee Colonies in Key Beekeeping Country (2000’s, unit: million).

4.1. China

In the twenty-first Century, China's apiculture industry maintained the trend of rapid and
steady development; the country retained the top position in terms of colony possession and the
yield of honeybee products. Based on the 2011 incomplete statistics by FAO, in 2009, China
had 8.77 million colonies, accounting for one seventh of the world total honeybee colonies,
having grown 17.1%, 58.1% and 162% respectively compared to colony numbers in 2000, 1980
and 1961 (FAO Statistics Division 2011) (Table 4).

4.2. Turkey
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As the world second biggest beekeeping country in the twenty-first century, Turkey’s
apiculture enjoyed rapid growth. In 2009, its colony numbers reached 5.32 million, accounting
for one twelfth of the world total, up 29.4%, 139.6% and 257.1% respectively compared to
2000, 1980 and 1961. In comparison, Turkey’s apiculture grew faster than most of the key

beekeeping countries.

4.3. Ethiopia

Ethiopia ranked first in Africa and third in the world in terms of beekeeping colonies. In
2009, its colonies reached 4.6 million, accounting for one fourteenth of world honeybee
colonies, up 38.5%, 34.5% and 91.6% respectively compared to 2000, 1980 and 1961.

4.4. Iran

In the twentieth century, Iran’s beekeeping industry enjoyed rapid expansion and
maintained steady growth in the twenty-first century. In 2009, it registered 3.5 million colonies,
ranking fourth in the world, up 4% compared to 2000, an increase of 159% and 379%
respectively compared to 1990 (1.35 million colonies) and 1980 (0.73 million colonies). Iran
experienced tremendous growth of 900% when compared with the 0.35 million colonies it
possessed in 1961, signifying that Iran is experiencing the fastest growth of beekeeping in the
world (FAO Statistics Division 2011) (Table 4).

4.5. Russia

As one of the key beekeeping countries, Russia owned 2.97 million colonies in 20009,
making it the biggest beekeeping country in Europe after the break-up of the former Soviet
Union. Ranked fifth in the world, Russia accounts for one twentieth of the world honeybee
colonies, down 13.9% and 35% compared to colony numbers in 2000 and 1992. Judging by
hive numbers, Russia’s apiculture industry is in decline (FAO Statistics Division 2011) (Table

4).

4.6. Argentina
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Argentina is well-known for its abundant high quality honey favored by world consumers.
The country experienced a boom in colony numbers throughout last century, and in twenty-first
century its number of hives continues to grow steadily. In 2009, it owned 2.97 million colonies,
up 6% compared to 2000. But compared to colony number in 1980 and 1961, it rose by 170%
and 356.9% respectively, the second highest growth rate after Iran.

Table 4. Honeybee Colonies in Key Beekeeping Countries (2001-2009; Unit: millon)

| 2001 | 2003 | 2005 | 2007 | 2009 |
China 7.60 China 7.90 China 8.34 China 8.57 China 8.78
Turkey 4.12 Turkey 4.29 Turkey 4.59 Turkey 4.83 Turkey 5.34

Iran 3.50 Ethiopia 4.20 Ethiopia 4.02 Ethiopia 4.69 Ethiopia 4.60

Russia 3.50 Iran 3.50 Iran 3.50 Iran 3.50 Iran 3.50
Ethiopia 3.33 Russia 3.41 Russia 331 Russia 3.16 Russia 2.98
Argentina 2.80 Argentina 2.90 Argentina 2.90 Argentina 297 Argentina 297
Tanzania 265 Tanzania 270  Tanzania 270 Tanzania 270 Tanzania 2.70
U.S. 2l Us. 2.59 Kenya 2.49 Kenya 2.50 Kenya 251

Kenya 2.49 Kenya 2.49 US. 241 U.S. 240 Spain 2.43
Spain 2.30 Spain 2.32 Spain 2.34 Spain 231 US. 2.40
Mexico 2.00 Korea 1.87 Korea 2.09 Korea 1.89 Korea 1.90
Egypt 1.57 Mexico 1.73 Mexico 1.73 Mexico 1.74 Mexico 1.80
Korea 1553 Egypt 1.59 Egypt 1.59 Poland 1.45 Poland 1.45
entral Africa 1.38 “entral Africa 1.38 entral Africa 1.39 ‘entral Africa 1.40 “entral Africa 1.40
Poland 1.30 Poland 1.30 Greece 1.31 Egypt 1.35 Greece 1.34
Greece 1.29 Greece 1.29 Poland 1.25 Greece 1.34 Egypt 1.25
Angola 1.20 Angola 1.15 Angola 1.20 Angola 1.10 Angola 1.10
France 1.15 France 1.15 France 1.00 France 1.01 France 1.04

NB: the data here are for countries with more than one million honeybee colonies only.
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4.7. Tanzania

As one of the top beekeeping countries in the world, Tanzania ranks second in
Africa. Its coffee honey is quite popular among European consumers. Colony growth
boomed in the last century, but seemed to come to a halt in late twentieth century. In
the twenty-first century, Tanzania maintained a marginal growth rate. In possessed 2.7
million colonies, placing Tanzania seventh in the world in 2009, the same rank it held
in 2000, up 182% and 382% compared to 1980 and 1960 respectively, making it one of

the moderately developing beekeeping countries.

4.8. Kenya

Kenya’s apiculture ranked third in Africa, growing at a similar rate as Tanzania.
Ranking eighth in the world in 2009, it had 2.51 million colonies, similar to its colony
numbers in 2000, but up 137.9% and 402% compared to the 1980 (1.08 million colonies)
and 1961 (0.5 million colonies) respectively, rendering it the country with the greatest

colony growth in Africa.

4.9. Spain
As a key beekeeping country in Europe, Spain’s apiculture boomed in the
twentieth century. Ranking ninth in 2009, it owned 2.43 million colonies, up 14.6%,

204.9% and 233.7% compared to 2000, 1980 and 1961 respectively.

4.10. The United States

As early as in 1960s, the United States had mechanized its beekeeping industry.
Beekeeping is practiced mainly for pollination. The value for pollination far exceeds
the value of the honeybee products. Because of the value of honey bee pollination, the
United States attached great importance to Colony Collapse Disorder when it was first
recognized in 2006, and invested heavily in research to prevent the honeybee from

disappearing.
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The United States had more colonies than most of the beekeeping countries in the
world at the time the FAO started to collect this data in the 1960s. Regrettably, as
economic development and scientific progress increased, the numbers of beekeepers
and managed colonies in the United States kept declining. In the 1960s, the US
managed 5.51 million colonies, second behind the former Soviet Union. In the 1970s,
it was still ranked the second in the world in terms of the honeybee colonies. However
by the 1980s, China exceeded the United States to take second place. In 1990, the
United States fell to fifth place, its colonies number reduced to 3.21 million, down 41%
compared to the 1960s. In 2000, it dropped to seventh, with colony numbers continuing
to decline to 2.62 million. By 2005, with 2.41 million colonies, the US fell in rank to
9" place. In 2009, its colonies had shrunk 126% from a peak of 5.5 to 2.4 million,
ranking 10th in colony numbers. Nonetheless, the United States is still one of the
world’s top ten and maintains more colonies than most European developed countries

(FAO Statistics Division 2011) (Table 4)

In addition to the top ten, Korea, Mexico, Poland, Central Africa, Greece, Egypt,
Angola and France all maintain in excess of 1 million honeybee colonies (FAO

Statistics Division 2011) (Table 4).

5. Conclusion

By examining the changes in the numbers of managed honeybee colonies in the
world in key beekeeping countries over the past five decades, we conclude that:
worldwide apiculture has experienced rapid development in the twentieth century,
which slowed down in early twenty-first century; while the number of colonies is still
growing in Asia and Africa, it has declined in developed countries. The beekeeping
industry, judging by the number of managed colonies, grew relatively faster in the
developing countries; while in developed countries the beekeeping industry slowed as

honeybee colony numbers continue to shrink.

We cannot help but ask ourselves: Is this the inevitable consequence of social

progress and the industrial revolution? Based on the analysis of the past statistics, we
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predict that in the next ten years, apiculture in developing countries will keep growing,
and so worldwide the number of honeybee colonies will continue to increase. But what
will happen after twenty or thirty years? Will China and other developing countries
experience the same drop as currently experienced by developed countries? We hope
the emerging economies and developing countries will not follow the same track in

colony decline as taken by some of the developed countries.

References

1. Crane, E. (1990). Bees and beekeeping: science, practice, and world resources.
New York, Cornell University Press.

2. Jurgen Tautz, Helga R. Heilmann (2007). Phanomen Honigbiene . Spektrum
Akademischer Verlag Gmbh.

3. USDA Forest SERVICE: Pollinator Fact Sheet (2014).
http://www.fs.fed.us/wildflowers/pollinators/

4. FAOSTAT | FAO Statistics Division 2011 [BE/OL]. [2011-11-13].

http://www.fao.org

5. Chen L. (2009). Advances on colony collapse disorder (CCD) of honeybee in the
world. China Apiculture 60(7):57-58

6. Chen L., Sperbear, Wang J. (2012).Beehive stocks of the main beekeeping
countries in the world (2001-2009). China Apiculture 63 (2):50

*Dr. Chen Lihong,  corresponding author, Vice-president & Secretary General of
Apicultural Science Association of China (ASAC), Professor of the Bee Research
Institute of Chinese Academy of Agricultural Sciences (CAAS), Xiangshan, Haidian
District, Beijing, 100093, China. clhb@hotmail.com; chenlihong@caas.cn

152


http://www.fao.org/
http://www.baidu.com/link?url=D82n2Cqx8gDVSqIWmdPC2F0UH3N1cVH2hbsUttIYi2jJXIvGPoV1UV6PqUUF38_jJG3gDHPkOcNZiTh80R7F0-0WvM7ay0SX9DhlYeOvIN3
http://www.baidu.com/link?url=D82n2Cqx8gDVSqIWmdPC2F0UH3N1cVH2hbsUttIYi2jJXIvGPoV1UV6PqUUF38_jJG3gDHPkOcNZiTh80R7F0-0WvM7ay0SX9DhlYeOvIN3
mailto:clhb@hotmail.com

(ﬂméﬂ)ﬁafﬁﬁﬁ

I = = ) '7']-&' "

7 7

(P E®LpEgidmyor (¢ EEd) F a0 4% 100093)

£ =

(P EPEA) 2 ad (P EER) AL Fako BB L (P EERS
E) 2 1934F17 d R FLABRE FHAL LA 2 1956ETY > F % Fnp
Ao EE R ERES (P ERRLS) 2 195TE30 o d ER AP ERL S
*i“’<ﬁm%ﬁ%%>ﬂ% S FEERMLIfER AL L (P ERE)
T AR F R BALT 0o 1958F 0 P E S NP ER AR T TR R F L
o (P EARR) & d FEETA A RS DR A D R o
19974 > 424t b 2T NG B K en® R0 H 55 N34 Q2T FE o 5
4ct‘ﬂ3~ﬁ?3zlfﬂ’§ ind A H 0 20008 > X EF R 0 5 R II{eE] e

B MR E B E 0 ped 0 T4 (7 0 2006E B RB A L B IR AL
3

il

|4

EAFGRAYE > 20 DI{eE RATE DR F L 2L 24 (P EE
)
Xgtip P @& ; ¢ g0

SRR EBRER

(P EPE ) A1956& 3 5 > %P7 “Z42@F7 S BME - AP EEA

FERAEE FI208 260# K4 > ETPAHME - A3 THE > (P EAE)
FBERLES s Mot T30 A4 LB ERBNS L iy 3o

2B FUATHE AT B o Wil 4 g B R EB AR B S

153



W
£
{e

—
kx|
~
/\N
<

FEREN AR L ERRIZ T AT - AN
ErS A AE L - BEL G o (¢ EF
) A - MBS RFOEL S 5 E o G AE L gy S

s ) o

[}

2z
d
LFTY EEH LR > B

1960 T L& > Elpix=z#pRtT o (P ERE) BH2£ 5 711962
LTEEIN BTG A EE——V ERIPFIRARFT AE L HAE
CREF R A E T RN Ak A (0
YY) P BREE IR FIAE > TAEY BEE RS B FEL a2 A
FEROFE L SRR A P ERAL RGN BHM AP H I oF &
FERATR A ~ AL AR > AR S ody P RATE AR R R AL AR
PREZGEZEXEA2oHFE c - MEDE B > ¥ B2 7 AR
FRPFELEH2E BT ARPE ARG L 24 ALK

K

[

Hikd P AT TR

FPHAREFEH 4 P AP ERE > 4208 2T0~80& S AEEH A 2 i 4
B4 1 4Rl o hUGE K4 2 LBk pt 0 4 b 1 (¢ EEK) S

el
L¢ EF L - T

1966# 7] “~ &7 %o (P EAM) EARBI5E S 19T2EL B E
T EM e (P EAB)E AT RS SEMEK19T8E 50 P EHEN A
Heht-Az? 22 s T RELRESE  AEs - 42 %5 -
AB AR - %A RN rE. (PEAR) ML AB DY BE N L E S
miﬁraow|$$,_%%%41éﬁﬁuaﬁﬂﬁ@’4ﬁ%ﬁ$ﬂ&
SRR RESRS pFEH o AR RS DR TR0 d B
ﬁﬁﬁé%ﬁ%&ﬁ*ﬂwﬁx’iiiﬁﬁsi%sﬁfﬁi%’*§%%
BEDBHETTFRY P2 e BHIINR - a3 - MK (7 EH%) 1
ﬁ@%ﬁi?ﬁ%?lﬁ%%ﬁiﬁiﬁﬁ’a %%ﬁ Sz Ey = U (N
FEFPRABPHESErRAZOPERARE FREREARFLS 5T P
AT 2o RS SR B R EFE LB S B » % B
BEET 2R e B o A RBAEAB N eI A S 5 L B4 E A iF
o (P ERB) SR EP LA kR 5 A ARG Ep

=N

$10E K S A EE 0 S AEARRL P FHUTE A

154



2000 MR & P S Frsk o P E RN FERFEA Y Al AT S fr
PAET o R B NREINRLFE R EM LS AT R IR ri%‘;ﬁ,zf&ruiﬁv
£ R i fodrin it o S B2 IRLIL ATt 0 R R ehE 1 R fER TS A AR
Po¥ g o fEICLE R Ak el i ITH L EF R R AR 0 2 E RS
g K4 » FIIFE LY ko - B2 0FE Y 2 E RS hirE s @rpAT

Hyy wpldaffricd o

Lo R ek E COEE 4 AT iR 2006 BB T 4 A
TE o s A2 R «:ﬁ;—ﬁ«fr— [l A LA 15;—% o = ﬁrﬁwi—ﬁ% ”gnzfﬁzﬁg#i
B A FREIT T Y b s SUE o 21096 F R IRE Gt £

$IR 0 A200TEABLL B hd hE R EME LN > P 2R A AT o
M%7 L 50 A DB RERIAB LR o 4 KA ST e pt R B L

LA REERITT SELFIT HE

P2 AR LFR L BaME > ARG IR R T G G4
AR A o g A A F A d TR A e e RORDRPER AT e g 3R
PAef 2o FE E 02 b d chp FUR > BB 4 S B TP Y R
Bl ARG P o e A X SRk AN FRERE T ARET 0 (P E
A& Redpeng & e bk

y hETE Y OLRT o

&
=
~

DERD LFER T H AR

~

heS
=
e

=~ ;J‘;n]:_’f‘ E«fp;n“y

(P ESEL ) 4p2 4K "2 2R RS T AES T’F—‘ﬁ ’ "T’t%;%é‘
AEF BT LA P ST SR § 5 HEF AR
FHA S RAAERBN DL S BT ol Az g c BRI - R oo %
Rt frpfE L E LY 4 foR BLIATT 0 AT LR RE A
W oA B STy > AR PP 3L E R LEARIIS <
w’@ﬁf%ﬁﬁp$%’+miw,ﬁi?#&riﬁi%*aﬁﬁﬁ%ﬁ

* o

155



20& 2 50& 0 (¢ EAE) REAEY BAORF AR B RO F Il
Mo AR I BT P BATEAAL LR RE H 2 T AR A hy 3 fa e
TP AT R B R ASE LR RS fof 2 > R AR L LR A gL 2

dfFA A RFHE AR FE FHES L 4 2.0 kg B 120 kg o 60F &
(PEFE) 2PEE T IFRINE P READPPFEATI L > RFY -2
AARAhd FHARE GEpP S BHE cTRAE-Td EF 7 50 LA
FI500wh » A A R & - I A A ey A @ AP B2 AZA P R AR
SR ERARPETIFEE A LIHRE  REFARMEMHEDRT
ﬁﬁ&%%ﬂmﬁiﬁfiﬁﬁ%W§ﬁ$’éEFBMﬁiﬂﬂBﬁﬁB%ﬁ
LAEREL PR E R RN o RRIRGE S E S B P
g dn o I AR AR > FRARET oA P ERA o F
ﬁ*ﬁﬁ%ﬁ$ﬁ$¢ﬁﬁfi’Niﬁ$ﬁF&ﬁ§§imﬂﬂ@%ﬁﬂt
Hfe s B A AL CRAL > 2 PR E A

Faed ﬁuk%%“ﬁpﬁ%’ﬁ%ifﬁﬁ’ﬁ$F§%iFﬁi’&E%
SH B RAESL LRS- AR AEfRA T A F

TER A RELBAGAM ) s kA &iTd 1L S

-~

L pd 1T R4 =22 AENPFLFNERT R SEFEG FE + 5
A MM FAL T AT RS eY AH L PFL Y P 54 A K

G eiEig i o

¥

2. HE RS R o PHAFIAEESFNLLE DA
b BIEH N Bk 3—¢f~ﬁq\fr'ﬁ-§_"’<¢i,*m% i L, LU 8GR

i P B AT LR T R T R LR R G L
PAFPFE B0 AR BN GO

KN - A o iR R i G L S G s b A X e B AT
Tt S o JRE FELFA o

4. 2 pt BB ATH A o i 17 0 BATHRR ~ 3 A g £ o

%%ﬂwﬁlﬁﬁﬁ’ﬁéﬁﬁ%ﬁﬂﬁplﬁﬁ%ﬁé’w%&ﬁﬁﬁ
BRI Ao G T oA FA AT T A AT & F w8 bt i B3 0
156



PR BRI 5 LT R A 0 A2 LSk hy Bfeb i o IS L
@ es HEE R LR

ER S SR

A1934EF F HAL X T EHRE RS A (P EEL) 2 580
EP Y heA 1956 ¢ m B B E R B 4 JHlESA L o w80E Y
(¢ B ) = S5x65% 34048 - 2 ¢ > 1956# a0 & J14x13% 1458 > 1956 & %
ARD2% 1958 o Hd - 193T#E op K2 ptdp o 1948# 22z £ ptdp > 1960#
& FEp 8 fel1966F Y2 2T S g e R iR 0 1960F m (¢ E] A )
A5 1963# wred < 2 A5 2000# R E P A 70 2011& f T 5 7 o 2015
£ FRTEAOREF T R AT F R o X RE P T e

S+

i

A

(P B AL R) LT 0 202 2408 B feb0E A X TR E I

3F~A4FH o4 E R NP FRABIT TEE S D0E B R~ 60EF K4
EEEDAL A BHTF~EFH o T0E K4 54K ETNE cHLFABANE S
ES TR AREA S DT0E R REBHYE L1270 80#
g X EEEETE o FII995E DAL A K] H o 1995F BB dew
Ao S FEEFH23HH o A28 280 240 (P ERE) ,T.%Fbﬁ—’ﬁ‘.‘ P4 E
TR F LA s R () £E PG ERE 2 B4 - 2005
EWRE D TNEFE 0 RIERLEE] 0 F fl4eik 0 20064 { & (¢ EEL) B
2ELSEFMI A S FE fo\fgi’\ © 2007# » ZAEIA L2 - A 4o i o Ko
el 2R RFIAPELEFUG  F RS ERILY > X FIFE R
2001& > 4 9y A F Bk A p R A g Koo 2 -9 it 1

—
=C
-
&
Mg
e

e
G

Fed g a)e A IS A2 AR A > AE L F 2R FRE T AR E S 0
B b mit o piocdt < tgde 0 20118 $12013& % JRT9H & X 74 2187
Pzt 201584 & M5 7> 2E S FAIIDA A b w MR KL
HPEETHPURT o RSB AR

157



(¢ EsE ) 2]T 0k s A AEABRE N HY BTN ER FTak AT
THRHAT M 4 R FF AV hd ) 1 19928 5 AR 2 EE A

2

ZEET L CRARA PG PR PRSI 5 1993E 5 &

$REEFARA LB R L FFARYAHEEF 5 2001E 0 » HEATE L F
;[p:n]—%]!tf ’ ﬁiiﬁhiuz&i,ﬁp:lj ; 2006 j;ggd EF% %4 “i@tﬂ'ﬁﬁiljﬁéﬁ

F7oo2011# »k P EE LS HIT o

BRI L el B0 BT A i

LRE A EAF RS TH I AR E S TG ek

542k

[1] % A 4 % sk W3 5 B chk 4 s A2 [M]. a5 1 @ B & b E AR d ik
2007, 83-88.
21 #- v.@mirss % 7% 3 AN ¢ E % - 1996, (3): 24-25.

Bl e, (¢ E#E) B3 e en R 4[], ¢ E) % 34, 1998, 49(5):

18.

158



#F&

~

4

zﬂ\ﬂ

&%

gL

Tf BEFZ Ed wrr THE vIZy

LOARPALYEABERPT P EXBFE L 2T LR PR

FHITELAAFEAR R EE 2 FE 02 A B AR #1000 £ 7

oot A i o R 100 $64 8 0 Ti0E KT 5T

3

te
~

i;‘{]a 'P]Lllv’f“\pkpif(a‘-}m— I e

R I A R TR T
;i’ﬁm¢?£§55ﬁ4ﬁ%ﬁﬁ%’$€§&%%oi
N L LS S ) SR R
L SRR EE S A STF RS - ST
i g Lp G4 RERARIBER AR Y L FREG
REABPHI FH o 2ERREETBERS  NET ]

BN A XS EYE o

ﬁ_gxﬁifi&\"{zig&ﬁv—kal){#g_t”}%i—r DAL ada b T~ E A P

£ 4G nR LY E T R A% Sk R K

159

FH AL AT

R RBR o PP S B2 RN AR E 2 ARk A G

4 B 37 (- egp Fu

WP R

Ol LR K 4

éﬁ—_ N ?IJ)}” C‘ B_]
ki A &

N SR

‘ﬁﬁﬂ@?ﬁﬁ?{%ﬁ@ﬁﬂ*%ﬁﬁ%~%&\%ﬁ#%#3m0£§’

9



N
e
3
e
<+
i
¢
<oy
ﬂ‘

EoRERBIAM A AR M REX 2EE A A

TEBI S o LA G AT
LAl
I agim%ﬁﬁﬂ%’%%ﬁ%é%ﬁfﬁwuhﬂﬁ%’iﬁ

G ARAB6LT 22 5 HkRE
5025 = » 43507933 » it %44 *W%%’%$J;Mi%%%%ﬁguﬁﬁ’ﬁﬁ

W
.b
fo'e}
w
a2
\‘\4"1‘
ket
|
W
—t
A
v
=
%
=}
;‘é
E?:»

j}ti/{‘%‘l’ft';;"‘;li’—é 1&,2‘._7;#@&@%,]-1'% ;.9)/2’\—3 E] 4 E _J:m/lJ(J\ o;;—%;\i

L1PE 3% 4t 48 45

PEFMEL e AT R R FRA ALY S0k 600 B At
B BRLAMSFBGEL S HEZL6) VA4 HE L2 HR e
A R R S D RN 0 A R RGBT BT E o

1.1.1. %fr; % ‘k"\i)}_%igj_,;—g .._EI'-]’;;" é%agsilo_ﬁ,’o

*37‘}

112ajﬁﬁmﬂﬁw%ﬁﬂ’w&%%i%%ﬁ%lﬁ¥%§%4*%°
113 4750k 43 Bl B~ ISR~ G zib a2 4 G EDERE . L0 gL
¥4E -

114 370 i 2 A e Mp i B > Ha %1 FpdE s &K
ZE= A A Bt T T

LLS AT fa L ik §HIG fiF » 53 TA LR BoU ek 2 g 10 ~
=% FAFHRRA S FI800 A 2w B kg {4 o

160



1.16. #7588k fheni v A =0 { S e P E{ b ninp s REFEFES 0 EFT

F 247 > WAL It B

P

Fy

12,335 > R LFERERILHR B F 7%

1%%&%?%%%ﬁ%§,ﬂgﬂgnﬂﬁgiw,g @ gl o 4E
@ EIEY R AT AP B B AT AT B PR R
SG BB G (A B PNk T ArE s RS G s
AR BABH AR PR AR ABA G4 e ED AP B HH
*(*%%Jmﬁ4ﬁﬁﬁﬁ Fracwen? dEieii e ) 2 P B d A R
A (VLR T ) o de kg e g Famagad 0 80% S ek
F11100% 0 & MLk L FIFERFT R KRR kRN aE o

CEE SN Yol S RCS S YR e g LB P B REART
AT R (i ¢ B8 A R 6675 DU 32 i f i bt 40)

2. HRFEH A H

Bed F AL ERFE AT EHE LB P BRI, R AP R
TRl TRASPAEE LR K 000 £ ¢ i

161



2.1 v7B~T R ~ MIFAF

PEARBFE L - FASL FRMEM Y AW G IR AE T
AP P RSN P IR EE o HE TR PR R i TP
e R s EJ’%T - R DRI R S U R Rl IR UL W b N LI R e
ALERF AL BEABES G DRN A R AN oS FEE R
m%i‘*’x*i,i—frg RER e x P ARSI R FERTOG I TM 0 B2 A

SRR HRNTERBRS DL

MEFR SRR AE

%‘\b—
u}’f
.

ARSI R AEFIALRRDI0OER S AR EFIIRE 0 X
e R Rk f o 2 AR R RIS 30 B AR KR4 0 4o b RO A et e o
FE P 5T 100 48 0 Je 2 B F| 5 5 A o :,\.;4_krﬁnybpﬂaj » o A wh

o
LIS NIV E QR I

Ll ¢ B ARG ARY B R F T - iR o A P T E g
T S W e C R T
TR
i

H‘

g R L R AR RC) o BRR R > B A2 R T %
)

R ERRT T A

o

ERES R

%
B AR A Y R E ARV o AL P Bk et

]
[
=
e

A5
EMfpt AF A LYRRPLE > XF TR G EAT o P P B
EARY < B R BRE I REE 0 L AR Bl KB

162



R E R ALY

EAR KR LMFERAL - KBk FkE s 2

A3 XA R F LY

I R )
plyﬁm%g\iﬁllil#mf?o/??%t‘ﬁé‘:;}}t)\!r*ﬂ;7i£;}}t)\{ﬁ. TEI ’i’i‘fﬂg\'
4G LR R R A B el e

4

4

PESME LAk

Pl

100 / Asdspd g S B P 32 4

7

-

NSRS L X e da it 45 800 £ 0 £ A H4F Y

FMEFE R o P Rk SR

|

7.]‘.&-’1}%
FE S PR ZT o BN G K ’;ﬁ%ﬁgazhé—ﬁi*
PR RGER S L FipE A e i

i;};**-‘r—"g‘y_fb;}i‘l'\ » X7 ﬁq: ) ;Pis‘-ﬂ'/fﬁx %Rz
HoMEFBI RS L R RRM N 0 f R yer A - F
AL g o

314 AE Bl o b R IR

AR AT AT AL RN
ﬂ&’}ia 3\;51 \4 N i)“ ’FQ#EJI% =2 L_-E[};

A RHP A E s MR E S L RE .
B2HFFBBE AR F) I feIRp s 0 BB L EIE T P BT
FEH AR S KT H T s R

ko

mﬂ%ﬁﬁ\gﬁﬁﬁgﬁﬁﬁﬁ\4
TR EHRLAK

B3 ABAPERH Y+ L FRBERNRF P BT T
BB AR RAR S e T 2 T R P B R S E

163



Fx ood BA T A 3-5% 5 TP W T A E20-30 ALk, & v A
AR PP Ao LR o

S A BT R A AHAF HEAIFR T BARE N B ABHEIRE R
yi
S

3O ML L FHB - AABE AR TRF LS TR EE S P RS
7BV A 0 R FIERABERE EHBEFET IR A > B ED
FELULNT @ AR EEAALT > BEEVIUBRE -2 0 BB EWF
8.5-15 =7 o pav > FjrkP 3R E 27T MR A 120-160 ~ - L F* T4 E 10
£2.94-3.927 223 > F L RRFEPFEDREHAK

£
e Pk d ek g BhizER T BT H BT

g e
N I“y_""/év\ e ’—’k;}')\

St

p umn&?‘*ﬁﬁmﬁ( fl 2
W brotE (K77 IR 1

?rié‘:##ﬁ‘ié‘:%ﬁi Il\l‘kiﬁ}?igﬁf—r,a it %#;}3‘;—4\ 32

PERRF LA Pa ‘k"“—‘i':ﬁ‘zriéi‘vi%@yfi%i%iéfg;mfr;}iﬁ#%z %
$20 600 F RMIFAMEE HEET B RS R 66 [ RMyRL - X RBS
%

B EEACPERBHERE X T B RBE AN E
BAFFEEEEN PEIPEORTIHE PRERALY RRES L F D
A TG HE RIS 0 RL RBEXEE - KA 0T AR PR T SAR

164


http://www.cqxumu.com/upload/2013/01/20130104160759632824.jpg

'F_L

200 = = & 3] 300 & = - ALu[$E3d 8100 # % £ | 10000 # - ik p ik § &
d 457 2> 7% BIE07 o7 0

ek

TR UvAZANELT FE AT REH 302 Fd Rk 75 %
110 $44% »

& 5] 110 4 JE B 7200 52T > Efer TH AR o 2 UG R T 2
B AT F R4 30 % 0 £k 150 44 %4 B 7] 215 44 még; 12000 % 2 7
Eer 117 £;~ov‘h’g“7é.§ﬁﬁ#$’«'§,’loi — B ARl %34T

4

Ed
FIFEREH30E 0 #d Rk 20485 B 504 0 s g 1500 5 27 0 & x

Eaei@r Rt 24 £ £ 18T M PELH 20 2030
AXBETIO04E > e T 37005 2T Efer 4B AR EE oy KL

FTHE L 10 A7 0 ATHIEH 21004 o 2 E I A 2T 64 K 1A ik 3T

N
—

=

Hic» 50 £7 ~ o

KR BT K

ek
S.01 %

PPIE R TP NE AR WP Fre F o Ry A R RS KR
FRMB ARG AR TEFERREDL AP R AT BARE N 2
EIEAARRRT S BB U AB 10044 0 K ERIE ST AR 2

LSRR P DR R L S RO AR Sy
e

,,—:.
7‘P\KTH..]L‘%” ing\;fﬁéu\’,ﬁ 75’\?[6 i’?\py“"i ,"‘/é}‘—ﬁgﬁr\}f_‘:o

165



DB ER 2 B2 &R

chfise

35,1‘;11,%%,1,%@?}?1, a2 T, gLt

B et % 0 I 550006; 2. % 44 B L & 5
# ' Jix 557600)

(Lﬁ g IR e
#e

PR RIEL B v EER LRIt oo A W EF A
a3 Vﬁéw— 771 ke

EN AR A LR 3 A
ZV M ER

FEFRBEFEFEEG
% b A ik 46%5 42.86% 0 A
AL AR A& BT RERAE (13.85%) 5z

» H o4l

SRt pe® 44.5 5

4% C(12.5Tmg/g) ~ 5|4+ =&
#1155 2.2 Bttt PP EFERE X BT KR
FREEY cELREAP AT EL S S MR ES RS R Y T R
FEFSOF R RG> T A PP ERT Y
XAER PR R SRR &

(E2mE] EREMNEQME 2011 (71263012) : FRRIBAMFERURERIISUIRTAZ | BR
RIBRBRETR 2013 (020 ) S : SMARUE SR PEIHRETIR,

(ERIEE] #MK (1962 - ) |, &, ARR | NERIBERS RN ARAT.

166



Effects of honeybees-pollination on the yield and quality of
blueberry

WEI Xiaoping?!, LIN Li, XU Zuyin!, HE Chengwen! , SUN Qiu*?,
YANG Feng?

(1.Guizhou Institute of Rural Development Research, Guiyang, Guizhou, 550006; 2.
The Blueberry Research Center, Majing, Guizhou, 557600 )

Abstract

Honeybees (Apis cerana) were used to pollinate three blueberry varieties in
Guizhou Majiang, and test the pollination effects on blueberry’s yield and quality.
Study results showed that honeybees-pollination method significantly increased the
yield and quality of blueberry. Pollinated by bees, blueberry’s setting rate, seed-setting
rate were 46% and 42.86% respectively, which were 44.5 and 41percentage higher than
that of control; its soluble sugar content(13.85%) and vitamin C (12.57mg/g) were 1.5
and 2.2 times higher than that of control. Moreover, its average fruit weight, diameter,
anthocyanin, total phenol also increased. The study results indicated that honeybees
could be used as important pollination insects to pollinate blueberry and other plants

blooming in low temperature season.

Keywords: Honeybees pollination; Blueberry; Yield and quality
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The Anxiolytic-like Effects of Taiwanese Green Propolis (TGP) By PTSD
Animal Model And CRMP1 Regulates Consolidation Of Contextual Fear
Memory

Hsueh-Fu Wu! Szu-Haien Yu? Yi-Lin Chen3

! Department of Biotechnology and Animal science, National llan University

2 Department of Leisure Industry and Health Promotion, National llan University

3 Department of Biotechnology and Animal science, National llan University
Abstract

Anxiety “is characterized by a diffuse, unpleasant, vague sense of apprehension, often accompanied by

autonomic symptoms, such as headache, perspiration, palpitations, tightness in the chest, and mild stomach
discomfort”. Moderate anxiety helps the individual focus of attention for learning, solving problems and protect
themselves, but reach the highest level it will be a problem. Face to social stress and life stress, psychiatric disease
is the top ten of Global burden of Disease, in Taiwan, there have more one-third of people belong anxiety disease of
psychiatric disease, and it’s in approximately 10% prevalence in Taiwan. The aim of this study was to evaluate the
effect of Taiwanese Green Propolis on anxiolytic and relation of anxiety with CRMP1 (Collapsing response mediator
protein-1). Propolis is a complex mixture of which the main bioactive compound is polyphenolic. Several studies
show that propolis has antibacterial, antiviral, antioxidant, anti-inflammatory and anti-tumor activity.
Prenylflavanones is main bioactive of Taiwanese green propolis, but whether it have the effect of anxiolytic. In this
study, we use Taiwanese green propolis to investigate the effect of anxiolytic. The result showed that Taiwanese
green propolis (< 10 mg/kg) increase central locomotion in the OF test and decrease the level of MDA and cortisol
in mice serum. Furthermore, we still use microarray to investigate the marker of anxiety disease. In the other hand,
CRMP1 mediates signals from several extracellular molecules that play essential roles in synapse formation and
originally identified knock-out mice will more depressed than WT (wild-type), but it’s not about anxiety in our study,
However, the roles of CRMP1 in the regulation of fear memory still unknown. Here we used fear conditioning (FC)
animal model to investigate hippocampal memory processes, after training it could divide two phase, short term
memory (1-4h) and long term memory (after 4h). In this study we found that CRMPI KO (CRMP1 knock-out) mice
exhibited impaired STM (short term memory) consolidation after Fear condition training. And more, we evidence
that CRMP1 is involve in Reelin signaling, which regulate Fyn downstream pathway and influence the activity of
NR2B (N-methyl D-aspartate receptor subtype 2B) and PSD95 (Postsynaptic density protein 95), but it were not
found in knock-out mice. This finding reveal that CRMP1 is importer in memory formation and consolidation. The
last, we use Immunoprecipitation to investigate the protein-protein interaction, we found CRMP1 will interaction
with TRIOBP (TRIO binding protein), which is a marker of schizophrenia. In above of our study provide a possible

mechanism in fear memory consolidation and probably a biomarker of schizophrenia.

Keyworlds : CRMPI ; collapse ; fear conditioning ; fear memory ; short term memory ; long term memory ;

schizophrenia
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Wh -~ FORAFAERIIMARL?
)f% (Hassan et al., 2014)
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(cortisol) F#=x o Fpt § &4 + B pF > cortisol
B4 BERA s S Aot Bl s o B
§ e
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B chim ek o

Early adversity
Interpersonal confllct
Social isolation

Adrenal

cortisol

2

R - s B Swre iRm0
* 4] (Miller et al., 2009)
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Herme B s  a AR RY o o id
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(glycoproteins) »
helper cell, Th) =
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LR e A R £ 8 G A b im e
3637 RnA A TR F Lehme g @

3% 7 " 7 F]+ -a (tumor necrosis factor-o, TNF-
o) ~ 4 v % -1 (interleukin-1, IL-1) % 4 ¢ % -6
(interleukin-6, [L-6) % o &5 ® » 4 X F B 4
R G 8 A A AT % R W] Y
WA

IE_;{%,ET ) ’?&—‘,\5 ﬁ’)ﬁ‘gj\;}m’?f? ) ‘—"Fﬁﬁ—;] 52&}91’?& s ;f;q\l?ﬁ'

(microglia) £7 &} % ¥ (astrocyte)”!0 e 3+ 1
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$ 1 (reactive oxygen species, ROS) 4 H202 ' » i&

(eicosanoids) — % i § (nitricoxide, NO) £ &
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Wi A 4 A AR LR - 3R g
TR kB R ARG PR
B 1213 @ e PR R A T B R  E P 4

¢ IDO ( indoleamine 2,3 dioxygenase) % & i #-i

b O ES S U D E R u#%g*ﬁﬁ%]; o &
A R A TS R Ao B o FM A U H
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£ 341 (Miller et al., 2009)
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TW-1>TW-2 8 TW-3 = 8% serdh i % mdk 3
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3 4741 HDACs (histone deacetylases)
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fettis & (CSUS) g frtie ) &) £ 93l ™

A AAFTRES Y VUL A3 I - 4 context

freeze > ¥4t ] BE R w 4> ik 2 %
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(freezing) » #* {7 5 d 2 o 97 @0 58 3638 o H w4
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Habituation Condltlonlng Testing
Day 1 Day 2 Day 3
Qﬁf 0%\,
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o [¢] o )
z z z Paired
N N N
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= = 2 ~——— Unpaired
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B o~ BEFIHE R HE (Johansen et
al., 2011)
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2. B2 5 b4 post-traumatic stress disorder (PTSD)
B 0o m o Bif TPz da ) & & 'f 2 fe i
LEL TR kR TU{E- HEWELR
TE2 A

BiEeie
(amygdala) % /3 5 i (Hippocampus) > % i= 1% =3t

HEHET G AR PP

SR E Y i % ks (limbic system) - 4 & 4

basolateral complex (BLA) % central nuclear group

(CEA) st = > a BLA & % lateral (LA) nuclei »



basolateral (BL) nuclei # basomedial (BM) nuclei =

B % > m central nucleus medial

CEA ¢ 3

(CEm) % central nucleus lateral (CEl) & & *& %

VAo B A PR RTY 1 BLA AL LR
nALFHR L ®E CEA - @ CEA R &350z
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UR CRs
e 3 s
“E I~ BERALEE (Marenetal,

2011)
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(synaptic plasticity) e s > 2 ¢ EH R L
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(synaptic transmission) 3 3 > fL2 & #)3 F IR %
(long-term potentiation, LTP) #3353 #3287 = en

A 2 RAE T B g kel

¥ 144 = = P B Encoding ~ Consolidation ~ Retrieval

X LR R R kA S @l el (short term

memory, STM) % £ # =& (long term memory,
Pl F1918 1 3 4 ) 9

* 7oA - gepE (Kinase) A R L LT F

LTM)47-49 ,
SRNETER Y VIEE Y R T S R
fRiEr 5051 5 phe 4 2F nguﬂk.,_ £ #
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B R AT F A § AR R AT o

25 CRMPL # fgrslh2my

189

CRMP 3% *+ 1995 # # @ 4 4 cher 2 'm

el A gdS, At E R Er @
1A% CRMPL-5 o i & 5 5% B 28 54 54k ‘i en
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HhpRuwER® e gm SemasA B o %

Sema3A & it {s # & T 5 Cyclin-dependent kinase

'{;_F*:’_L

5 (Cdk5) # @ gipii- CRMP1/2 > % CRMP1/2
% ILEEPL i % PP Glycogen synthase kinase 3 beta
(Gsk3B) 1 € ie— #gEpct CRMPL/2 123 &4 g
e 2RI % 6061 o 17 & % { % . Gsk3P/Axin-
1/B-catenin ¢ k3 Sema3A iz - 4f & 4
B AT

Gsk3p®2 ~ Cdk56%-66 2 B-catenin®- A e
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(non-receptor tyrosine kinase)”3
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N JE a1
BB

K- 2 @R NE PR RRIENER i
$ 50 DMSO w3 2 kAR 100 mg/ml ~ %% -20
(R4)

C ORERRE

37C =R w233 % 44 (C0: incubator) : NUAIRE #
NU5500, Plymouth, MN

2F ® (Vortex Mixer) : Velp Scientificaf WX,
Bohemia, NY

B
AllegraTMX-12, Brea, CA

T %% -

(Centrifuge) : Beckman coulter #

Mg A a e (Microcentrifuge) feppendorf #
5415 R, Hauppauge, NY

> E R B A XLk (Microplate reader) :
Molecular Devices Corp# Spectramax M2,
Sunnyvale, CA

#indE ¥ A% (Mini-PROTEIN ®Tetra Cell
System) : Bio-Rad Scientific# 165-8004EDU,
Hercules, CA

% 4 #F B (Electrophoretic transfer cell) :
Bio-Rad Scientific # 170-3930, Hercules, CA
7R ERE (Electrophoresis power supply) :

™

Bio-Rad Scientific# Power Pac” Basic,

Hercules, CA

=

fedk Bl £ ®  (pH meter) : JENCO ELECTRONICS#
6173, Grand Prairie, Texas

® &= A ® (Autoclaver) : CHIN KU # AS-1060L,
Osaka, Japan

#c® = 4= (Electronic balance) : Sartorius #
TE214S, Goettingen, Germany

Ak ¥ koA &k (Imaging System) : GE
Healthcare # Image Quant LAS 4000, UK
BEFZEY #
Package):Med Associates, St. Albons, VT

(Fear Conditioning Chamber

TEF 5 TpEL 47508 (FreezeScan Real-time
Software): Clever Systems, Reston, VA

o 7 L L g BES 47 % 2 (Ethovision XT):
Noldus, Long Beach, CA

R T i

T ~

191

2-Propanol : Sigma # SI-19516-500ML, St. Louis,
MO

10X TG - SDS buffer: Amresco # 0783-5L, Solon,
OH

10X Trypsin-EDTA: GIBCO # 15400-100 ML, Grand
Island, NY

40% Acryl/Bis 37.5:1 solution : Amresco# 0254-
500ML, Solon, OH
Ammonium persulfate :  Sigma# SI-A9164-100G, St.
Louis, MO

Bovine serum albumin : Sigma# A3803-10G, St.
Louis, MO

Dimethyl sulfoxide: Sigma# RD-34943-1L, St. Louis,
MO

ImmobilnTM Western @ Millipore# WBKLS0500-

500ML, Billerica, MA

Lysis buffer : intron# 17081.1-100ML, Kyungki-Do,
Korea
Methanol : Sigma# RD-3016-22, St. Louis, MO

Octyl Phenol Ethoxylate (Triton X100) : J. T. Baker#
X198-07-500ML, Center Valley, PA

Potassium chloride : Sigma# SI-P5405-500G, St.
Louis, MO

Potassium phosphate monobasic : Sigma# SI-P5655-
100G, St. Louis, MO
Protein 5X assay dye : Bio-Rad# 500-0006-500ML,
Hercules, CA

PVDF : Bio-Rad# 162-0177, Hercules, CA
Sodium bicarbonate : Sigma# SI-S5916-1KG, St.
Louis, MO

Sodium dodecyl sulfate : Amresco# 0227-500G,
Solon, OH

Sodium phosphate dibasic : Sigma# 30427-250G, St.
Louis, MO
TEMED : Amresco# 0716-25ML, Solon, OH
Tris : Amresco# 0826-1KG, Solon, OH
&% gk (non-fat milk)

Eab |

=&
T
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Mouse anti B-actin :  Sigma-Aldrich # 5441, St. Louis,
MO

Mouse anti Dabl : SANTA CRUZ# 271136, Dallas,

TX
Mouse anti PSD95 : Abcam# 2723, Cambridge, UK
Rabbit anti Akt : Cell signaling# 9272, Danvers, MA

Rabbit anti CRMP1: Origene# TA306259, Rockville,
MD

Rabbit anti Discl : Abcam# 192258, Cambridge, UK
Rabbit anti Fyn : SANTA CRUZ #16, Dallas, TX
Rabbit anti Gsk3p : Abcam #32391, Cambridge, UK
Rabbit anti NR2B : GeneTex #109713, Irvine, CA
Rabbit anti p-Akt : Cell signaling #9271, Danvers, MA
Rabbit anti p-Dabl : SANTA CRUZ#133292, Dallas,
X

Rabbit anti p-Gsk3p : Cell signaling #9336, Danvers,
MA

Rabbit anti Pi3k : Cell signaling #4255, Danvers, MA
Rabbit anti TRIOBP : Abcam # 151320, Cambridge,
UK

(=) =&¥my:

Anti-mouse IgG HRP-linked antibody :  Sigma-
Aldrich # A9044, St. Louis, MO
Anti-rabbit [gG HRP-linked antibody Sigma-
Aldrich # A0545, St. Louis, MO

RIRR AL

10 #F = enzz i+ CSTBL/6 | &
EE AR VR R

mg/kg ~ 10 mg/kg ~ 20 mg/kg ~ 200

N

6 i SR
6 5w 8 Bigfs
BB (2

mg/kg) o F B = X 5459 pre-treatment 0 ¥ = X

# & % i {7 trainingsession’ % ~ % % behavior test
BRI FE F ”i/ﬁ%fi

SRR ER R LT A NP

ER e FR IO M)

R A ¥
P |
FRIEFLEYRY G/ 10 A& 2 B r %
# oY 63X o

pre-treatment : % F# > A4k @

B2 REERLS TH RS E 3] 2
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Trainsession: % = X # & % 3/
A o
(unconditioned stimulus, US) e
L2

EELR

2= ‘H * -
(conditioned stimulus, CS) 2 & 38T #

H -4

& ¥ (pair) -
Rig 7340 & 29I RF 3 Aped & Apg
3 $F4 20sec z H - 4F F B3 (2 kHz,
85 dB) ¥ >t {8 lsec PFXLA R A A
ST ) REE BRI 2
HonERER LS THF LG EFIFERE
2 31T o

Behavior test : % iE ' 2 /)

0.8 mMA =
8w A

e

B 7o o F
(Open field test) 144 47/ & & g 25 °
(W)

=~ B H:E% (Fear conditioning test)
10 i+ + ehze . C57BL/6 Wield-type
BEEY &h

HEk o AP A B Freeze {74 it (7R )

AT &

6 1

(WT) /| 82 CRMP1" | Bt f7

B2 BB ®oa g DRFLBIPELH

45 (Med Associates, St Albons, VT) » & 4 47 818
% FreezeScan Real-time Software (Clever Systems,
Reston,VA)> - & | 7 &&H 5 3 6 =% ey %

A2 > v w % %5 match sessions > 2. % % training
session s & {5 &

B ENE RS-

behavior test» & =t it {7 Sk w0 35 ¢
ol B PR BEER %
YT B[

Match sessions : #-| B3 » BIFF 2 £V # ¢ §
B 10 Add > 2 tsawad 4 o FF 4 % o
Train session :
F 2 B
(unconditioned stimulus, US) &% & fe 4t (pair) -
o BLEEDIRO B ARG 3 SApH FAapey
LA A 20sec 2 H - 4 X B
85 dB) v {8 lsec PFX% A & 5 0.8 mA
LREHF R )EAHRIAEZLEZDEF AL %2R
BF o m HRERFES RHE - wivg i b
H 2 Fir o

Behavior test: F] % £ 2 ;F*Je#;] 41 CRMP17 ] &%

BT ko RERL T - B - 4

(conditioned stimulus, CS) 2 & % ¢ 4

(2 kHz,

cuefreezetest fr& 4 3 KX B L £ > FP 1

17 context freeze test -



FlHEFsRE LR RLTHEESR
AAREF B A~ 2Z2B2FERTE $1918 0

2 4o 24 | RBIER L RA A R« #F1 Y

B B~ BIEEY Y 0 2 B @t a

(CS) » ® T}“] B 2 #oent7 5 (freezing) 4 45 %t
WRB TR A XA FTER S 3 A4
d 0T 5N B 2 freezing | o4+t (mice freezing
time/total test time) x 100 -

g% % % (Open field test)
B BT ) B PSR R TR B
P B AL pF -] B22 % Open field ¢ &4 (20 x

AN

1Rl TR R

20) » % - Open field % (40 x 40 x 30 cm). » 2§
WA | K2 HBhfuph ~ Fad & REFRF -~ 87
o2 PR A RE AR o
i JReREEzZSY
(=) o Rrgsigin

UGB Jn g5 % o 3R > M n (cardiac

perfusion) » & 3] & 12 2.5% Avertin (100% Avertin,
10 g 2,2,2-tribromoethyl alcohol in 10 ml tert-amyl
alcohol) (SIGMA-ALDRICH, f ', % ®) J i
NV ;‘a’:;%vj ¥ B
TR RN RoBRE BT REy 2
24G FHRGFED 2w B 0 T R A F] Lo
BECHTF 2 3 miimin i@ BEE o R iR T 7
LR ETR D o B A B
FEEC > 3t 478 G 3ok BT

Z% (15% picric acid, 4% paraformaldehyde, 0.1%

(0.015ml/g) &> FE @i s+ o)

A S TR

7

RN
L /o

m

P

glutaaldehyde in PBS) 4 % i# | oo &

R T L] BOFEL §OP AT 0T 5 S| ErRE .
(=) TRBEFEALE Y

MR R A 2 BUERRRE T o Mg 2 4

G Rl R A

R R % O N O S R L =

R £ M Rl

BT S E R A f 0 B B 2

Ld EFEY RIS

IEREIER

HE7 R Mg d P oS & 2 4 A Loy (for sagittal

section) » 12 B Fk M B TR R o B-FH T4 R

=3
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L

“» 545 (Leica RM2125, 4t B) * &
‘? 5& °

BN

(8um) fais i

& 3 &2z (Western blot)
P RAE®
TG B Atk @ B0 B oae (hippocampus) 2o
FWixo X uE 100mg 22 5w &4 r 1ml
PRO-PREP™ (iNtron) Protein lysis buffer » 325 #
BEY ERIBIRNL 2E4c1s A& 47)
1% * o
(=) #&EF9 FRAROTE, 7

2 BSA (bovine serum albumin) ¥ 3 F-v
FEARE S I Fod R W
assay dye reagent) & 3¢ FH &5 &

(ER N i &

(Bio-Rad protein

tRESF R

MR A kR R A K 595nm TR H ek iE
SRR SR DA g g A -

kR G & F Aok w-H
£ ﬁrf? = 20 pg/ml, 40 pg/ml, 60 ug/ml % 80 pg/ml »
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N B FEL e Fl 0 EF R EATAURFAER ST A2 AR L RF
BT EBEFRHLRE L  c AFTDLED DLIFEN R ELERI R AL
P02 P MP-AF $ 5 £ B e S 2 B F B BHRA Y Y I AR T
MP-AF $3% = thpe L 7 #4% FTRsk 2 3R 5§ L4 o s MPrFk R A
4 3] 8 pug/ml o FLFE R & H RS A o MP-AF 245 2452 % 4o ciprofloxacin
trimethoprim/sulfamethoxazole (SXT) » ¥t % & § & fa& M o 34k v 428 F $r

FAiE* o« BEFAR DI ZMP-AF &R " > 7 U b R RE > F R

R A2 BT A KB FFRAT 2 F 20 AT HA B AR

PRMP-AF g2 iv B £ 02 it % 5 ¥ O Mg %éﬂfﬁf\? FlE R R A o Hp
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TER BAFEBFARIAR A RRY L F 0 @ wET A RE R
PABBRCE » 5 ERBERE I B FONR TR 2N AF RS R
RETEH L EFREMUELRFAANSFE R TR R A AR
BOART A S FLEPLA S BT e L T 02 %ﬁﬂﬁv”@“ﬁﬁﬁ”ﬁ%
P A TG TRAEEAL o LEE A L LI Y T *l%&%m'ﬂﬁf ;2%

S EG AP EEL LS > 3 srk(mastoparan, MP) 2 22 3 2 £ 85 2 ) A F 02
#~(Nakajima, 1984; Palma, 2006) » #4-*~1979& p + #* 4 (Vespula lewisii)& ;7 @ A 3
& (Hirai et al., 1979) > d 14 el pele & » e ieifee 7224 H 2 [2lysine2 73 10
Bk ps > ¥ Cefrezlpe B fApheis i3 47 (Nakajima, 1984) - # 3 9475303 § R BT
¢ 75 iR o} "Qﬁ %] (amphipathic o-helical conformation)(Lin et al., 2011) » ¢ - 4
LIS OLIRE G R FApd # T IF T 4 (electrostatic interaction){rfm 7] i #
WA R IR IE 5 A5 F 3L i@ i & w5t = (Brogden, 2005; Zasloff, 2002) o &
B F AT AT IMPSETE SR v LT R LR i i o AR
ity LB 2 32 3 M PSMP-AFE 7 R T 2 dd A E B A7
B A2 i TR A FEHR T ERERES A B FLE T R
FAipocic c PRI I EREP R IFEFAGREET Y 255 K2 H A
FRAF R B o SRR TIREELIRTASE

F LIRS 2 MP-AF &2 7 37 B412 302 28 5 E3F P < 2 B 5
ToAk A MLtk PP sk

TS 0k MP-AF £ TRk L A Y2 A H I ERFRE S B R R
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#4182 4 £ o Ciprofloxacin >tk & 64 png/ml ¥ 43— k& $rFrcac > @ H 4 6 347
B R 256 pg/ml BF oo v EE rd 2 £ o Neomycin *tk B 256 pg/ml pF ¥4 2 3R H &
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RRETE IR A2 & 0 B SRR G BER 256 pgml A gl A £ oo d RERE
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BB MP-AF L3l £ ffiidge L 7 B4 R g R R w RS o
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A — ¥ FEMAK MP-AF it HERLEFTANRAFH L ERENLBR AR AER T BRI K
& R

A. baumannii MIC (pg/ml)

isolates MP-AF  AMP CF CIP GM NEO SXT TET
A 8 >256 >256 >256 >256 >256 >256 128
B 8 >256 >256 64 >256 >256 256 128
(& 4 >256 >256 >256 >256 256 >256 128
D -4 >256 >256 >256 >256 >256 >256 256
E 4 >256 >256 >256 >256 >256 64 256
F 4 >256 >256 >256 >256 >256 >256 256
G 4 >256 >256 >256 >256 256 >256 128

4 % : MIC, minimal inhibitory concentration; MP-AF, mastoparan-AF; AMP, ampicillin; CF,
cephalothin; CIP, ciprofloxacin; GM, gentamicin; NEO, neomycin; SXT, trimethoprim/sulfamethoxazole;
TET, tetracycline.
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FIC index
Antibiotics A B (o) D E F G
AMP Partial Synergy Indifference Indifference Indifference Indifference Indifference Indifference
CF Partial Synergy Indifference Indifference Indifference Indifference Indifference Indifference
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GM Indifference Indifference Indifference Indifference Indifference Indifference Indifference
NEO Indifference Indifference Indifference Indifference Indifference Indifference Indifference
SXT Indifference Synergy Synergy Synergy Partial Synergy Synergy Synergy
TET Partial Synergy Partial Synergy Additivity Additivity Additivity Additivity Indifference

4% : MIC, minimal inhibitory concentration; MP-AF, mastoparan-AF; AMP, ampicillin; CF, cephalothin; CIP, ciprofloxacin; GM, gentamicin; NEO,
neomycin; SXT, trimethoprim/sulfamethoxazole; TET, tetracycline; Synergy, 41k M 7% £ 1 5] 4 14 #E A ; Partial synergy, 4 f#4& M 1% £ 30 5 1 F) 4
B 15 A ; Additivity, 4 6F45 R % 2o & 4F A ; Indifference, A 6f15 M #3408 2082 4 £ 5] -
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