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ARTICLE INFO ABSTRACT

Keywords: Typically, biological systems are protected from the toxic effect of free radicals by antioxidant defense. Extracts
Bulbophyllum from orchids have been reported to show high levels of exogenous antioxidant activity including Bulbophyllum
Orchid orchids but so far, there have been no reports on antioxidant enzymes. Therefore, differences in protein ex-
Proteomics

pression from leaves and pseudobulbs of Bulbophyllum morphologlorum Kraenzl and Dendrobium Sonia Earsakul
were studied using two-dimensional gel electrophoresis and mass spectrometry (LC/MS/MS). Interestingly, the
largest group of these stress response proteins were associated with antioxidant defense and temperature stress,
including superoxide dismutase (Cu-Zn) and heat shock protein 70. The high expression of this antioxidant
enzyme from Bulbophyllum morphologlorum Kraenzl was confirmed by activity staining on native-PAGE, and the
two Cu/Zn-SODs isoenzymes were identified as Cu/Zn-SOD 1 and Cu/Zn-SOD 2 by LC/MS/MS. The results
suggested that Bulbophyllum orchid can be a potential plant source for medicines and natural antioxidant sup-
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plements.

1. Introduction

The effect of oxidative stress and the process of autoxidation cause
human diseases such as cardiovascular diseases, aging, cancers and
diabetes [1]. Many antioxidants have been synthesized and used to
prevent the process, but sometimes produced side effects [2]. As a re-
sult, natural antioxidants have been obtained from plants as potential
medicines to prevent and/or treat such diseases [3]. The search for safe
antioxidants from plants still continues. One of the most important
enzymatic antioxidants that constitute the first line of antioxidant
barrier against reactive oxygen species-induced damages is superoxide
dismutase (SOD) [4,5]. Based on the catalytic metal ions at the active
sites, SODs are classified into three distinct groups: Fe, Mn and Cu/Zn-
SOD [6]. Diminished activities of SODs have been reported in various
physiological and pathological conditions e.g. cancer, inflammatory
diseases, aging and skin disorders. To date, several studies suggest that
SODs are useful agents for prevention or treatment of various skin
disorders, especially in melanoma cancer and skin inflammation. In
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plants, superoxide dismutases may contain different catalytic metal ions
at the active site: Cu/Zn, Mn and Fe. The differences in type, number
and distribution of metalloenzymes depend on the species, stage of
development and environment [7-11]. In addition, SODs with the same
metal cofactor can change roles in different species [12]. Iron-SODs are
the oldest group of ubiquitous enzymes, found in chloroplasts and cy-
toplasm [13,14] Manganese-SODs are present in mitochondria and
peroxisomes [15]. The Cu/Zn-SODs were reported to compose of two
subunits with a combination of Cu and Zn atoms, respectively [16].
They are found in the chloroplasts, cytosol, peroxisomes and the apo-
plast [17-19]. In recent years, the SODs have been reported to play a
role in plant protection against abiotic and biotic stress [20].

The Orchidaceae is a widely distributed flowering plant family,
found in all types of habitats, and includes terrestrial, saprophytic, and
epiphytic orchids. The Bulbophyllum orchid, an epiphyte, has some 1000
species in Africa and Asia, with the latter being mainly in China, Nepal,
Sikkim, Bhutan, India, Burma, Thailand, Laos, and Vietnam [21].
Thailand has 154 known species of Bulbophyllum, making it the second
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most prevalent orchid genus after Dendrobium orchids [22]. Dendrobium
and Bulbophyllum species have a long history and are commonly used as
traditional Chinese medicines (TCM) in Asian countries [21,23-25].
Two known Bulbophyllum species, B. kwangtungense Schlecht (Shi dou-
Ian) [21,26] and B. odoratissimum Lindl [27]. are used as medicinal
orchids in the treatment of tuberculosis, chronic inflammation, and
fever reduction [23,24]. Several reports have described the phyto-
chemical constituents and biological effects of the chemical compounds
extracted from the entire plant or plant parts (leaf, pseudobulb, or root)
of Bulbophyllum used for various disease treatments [24]. The extracts
from some orchids show high levels of exogenous antioxidant activity
such as flavonoids in the leaves of Rhynchostylis retusa [28], and in the
stems of Bulbophyllum kaitense [29], as well as the polyphenolics in the
stems of Vanda cristata [28]. Dendrobium nobile was reported to be a
potential source of antioxidants [30]. Orchids are therefore considered
as good sources for antioxidants, but there is still no report on enzy-
matic antioxidants from Bulbophyllum orchids.

Proteomic techniques, using two-dimensional gel electrophoresis
and nanoLC-mass spectrometry, is used worldwide to identify proteins
from biological samples including plants and animals. Recently, pro-
teomic studies of orchids have been reported to study various aspects,
for example: the generation of the protocorm-like body of Vanilla pla-
nifolia Jacks. ex Andrews [31,32]; the browning in leaf culture of
Phalaenopsis [33]; the pollination of the flower of Ophrys spp. [34],
Cymbidium ensifolium (L.) Sw [35]. and Dendrobium chrysanthum [36];
the symbiotic reaction between fungi and the seeding of Oncidium
sphacelatum Lindl [37,38]. and Dendrobium officinale Kimura and Migo
herb [39,40]; the succinyl-proteome profile of the entire plant of Den-
drobium officinale Kimura et Migo herb [41]; the adaptive drought
strategies of Cymbidium sinense and C. tracyanum [42]; and the adaptive
development of a tolerant mechanism to heavy metals by mycorrhizal
Bipinnula fimbriata [43]. But there are still no data available in terms of
the major proteins produced in the leaves and pseudobulbs of Bulbo-
phyllum orchid.

Since our previous work (unpublished data) suggested that ethanol
extracts of Bulbophyllum morphologlorum Kraenzl. (semi-epiphytic
orchids) and Dendrobium Sonia Earsakul (epiphytic orchid) showed
significant DPPH radical scavenging assay, as determined by the
method of van Amsterdam et al. [44], we decide to investigate the
endogenous enzymatic antioxidant activity of leaves and pseudobulbs
of these orchids. Thus, comparative protein expression of Bulbophyllum
morphologlorum Kraenzl and of Dendrobium Sonia Earsakul was studied
by two-dimensional electrophoresis (2-DE) and nanoLC/MS/MS tech-
nology. In the present work, information was obtained on the differ-
ential expression of proteins and protein functions. The proteins in-
volved in stress response were found in the highest amounts in
Bulbophyllum orchid. SOD activity was detected by staining on native-
PAGE and finally identified as Cu/Zn-SOD by nanoLC/MS/MS.

2. Materials and Methods
2.1. Plant materials and phenol protein extraction

Three-year-old Bulbophyllum morphologlorum Kraenzl. derived from
seedlings were grown in a greenhouse at the Chulabhorn Research
Institute, and Dendrobium Sonia Earsakul was purchased from the
Chatuchak Sunday Market, Bangkok, Thailand. Ten grams of fresh leaf
and pseudobulb samples were collected separately from mature
orchids, and then immediately ground to a fine powder in liquid ni-
trogen prior to protein extraction with 50 mL of extraction buffer A
(0.1 M Tris-HCI pH 8.8, 100 mM KCl, 0.4% 2-mercaptoethanol, 0.7 M
sucrose), and the supernatant transferred to a new tube. After addition
of 1 volume of extraction buffer B, consisting of the same buffer A with
the addition of 2 mM phenylmethanesulfonyl fluoride (PMSF) and
50 mM ethylenediaminetetraacetic acid (EDTA) as protease inhibitors
[45], the solution was mixed using a vortex, left at 4 °C for at least
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30 min and centrifuged for 20 min, 4000 g at 4 °C. The supernatant was
removed into a new tube and kept at 4 °C, and the pellet was extracted
one more time using the same extraction buffer. The supernatant was
combined with the first extraction and added with an equal volume of
water-saturated phenol. The solution was mixed vigorously and kept on
ice for 1 h, the solution was centrifuged for 20 min, 8000 g at 4 °C and
the phenol phase was transferred to a new tube. The same phenol ex-
traction was repeated one more time. Pooled phenol phase was added
with 5 vol of 0.1 M of ammonium acetate in methanol and left over-
night at —20 °C for protein precipitation. The sample was centrifuged
as above and the protein pellet was dissolved immediately in cold
water, sonicated for 3 min and then added with 9 vol of cold acetone.
The solution was left at —20 °C for about 4 h to precipitate protein and
centrifuged as above. The protein pellet was removed, dried and stored
at —80 °C.

2.2. Two-dimensional gel electrophoresis (2-DE)

The protein pellet was resuspended in IEF buffer (7 M urea, 2 M
thiourea, 4% CHAPS, 2% triton X-100, 100 mM DTT, 1% ampholytes
pH 3-10, and 0.005% bromophenol blue). Then, pre-cast, 7 cm im-
mobilized pH gradient strips (IPG strip), with a pH 4-7 linear gradient
(GE Healthcare, UK), were loaded with 300 pg of protein in IEF buffer
for each IPG strip, and rehydrated overnight. The 1st dimension was
run in an EttanIPGphor II IEF Unit (GE Healthcare, UK) with these
conditions: step 1, hold at 300 V for 30 min; step 2, gradient at 1000 V
for 30 min; step 3, gradient at 5000 V for 90 min; and step 4, hold at
5000 V for 12-36 min. After the 1st dimension, proteins were reduced
by incubating the IPG strips with 1% w/v DTT in equilibration buffer
(6 M urea, 30% w/v glycerol, 2% SDS, and 50 mM Tris-HCI, pH 8.8),
and alkylated with 2.5% w/v iodoacetamide in equilibration buffer
(6 M urea, 30% w/v glycerol, 2% SDS, and 50 mM Tris—HCI, pH 8.8)
[46]. The IPG strips were embedded within molten agarose directly on
top of a 1.5 mm X 10 cm X 10.5 cm SDS-PAGE gel (4% stacking gel,
12.5% separating gel). Separation in the 2nd dimension involved SDS-
PAGE with a constant current of a 12 HA/IPG strip for 3 h per gel. The
protein spots were visualized by staining with 0.1% Coomassie brilliant
blue R-250. The gel images were captured using the LabScan Image
Scanner II software (GE Healthcare, UK), and the total protein spots
were analyzed using the ImageMaster 2D Platinum 6.0 software (GE
Healthcare, UK) by matching and comparing the differences in the %
volume of the protein spots. The experiments were studied in-
dependently in triplicate. The protein spots that showed significant
difference in volume ratio (P < 0.05) were selected for further analysis
using mass spectrometry.

2.3. Protein identification using mass spectrometry analysis

The selected protein spots from the 2-DE gels were excised and
destained with 0.1 M NH4HCO; and 50% acetonitrile. The disulphide
bonds were reduced with 0.1 M NH4HCO3, 10 mM DTT, and 1 mM
EDTA, alkylated with 100 mM iodoacetamide in 0.1 M NH4HCO3; and
digested with trypsin. Liquid chromatography tandem-mass spectro-
metry (LC-MS/MS) analyses were carried out on a capillary LC system
coupled to a Quadrupole-Time of flight tandem mass spectrometer
(Waters Micromass, UK) equipped wih a Z-spray ion-source working in
the nanoelectrospray mode. Glu-fibrinopeptide was used to calibrate
the instrument in the MS/MS mode, and tryptic peptides were con-
centrated and desalted on a 75 pm ID X 150 mm C18 PepMap column
(LC Packings, the Netherlands). Eluents A and B consisted of 0.1%
formic acid in 97% water and 3% acetonitrile, and 0.1% formic acid in
97% acetonitrile, respectively. A 6 pL sample was injected into the
nanoLC system, and the separation was performed with the following
gradient: 0 min 7% B, 35 min 50% B, 45 min 80% B, 49 min 80% B,
50 min 7% B, and 60 min 7% B.

A database search using SWISS-PROT (http://www.ebi.ac.uk/
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Fig. 1. Proteomic profiles of leaves (A) and pseudobulbs (B) of Bulbophyllum morphologlorum Kraenzl and of leaves (C) and pseudobulbs (D) of Dendrobium Sonia
Earsakul. The 2-D electrophoresis was obtained using 300 g phenol extracted proteins from both tissues of the orchids and 7 cm IPG with pH from 4 to 7 was used for
the 1st dimension. E is Leaf and pseudobulb tissue of Bulbophyllum morphologlorum Kraenzl while F is Leaf and pseudobulb tissue of Dendrobium Sonia Earsakul.

uniprot/) and NCBI (http://www.ncbi.nlm.nih.gov/protein/) was per-
formed with ProteinLynx (Waters Micromass, Manchester, UK). The
Mascot search tool, available on the Matrix Science site (http://www.
matrixscience.com), was used for some proteins which were not found
in the previous databases [47]. The search parameters were used as
follow: Database, Swiss-Prot; taxonomy, Viridiplantae (Green Plants),
peptide mass tolerance was 1.2 Da, MS/MS ion mass tolerance was
0.6 Da, allowance was set to 1 missed cleavage, trypsin was set as the
used enzyme and the peptide charge limit was set at 2+ and 3 +. The
identification of protein was analyzed by using p-value <0.05 and
Mascot score > 30 being considered as promising hits. Our criteria
followed those of Kristiansenetal et al. [48], for example one matched
peptide composed of at least 8 amino acids and a sequence tag of at
least 3 amino acids would be considered as a good y-ion series. The
peptide and Mascot score for proteins containing one matched peptide
should be greater than 30. Protein function was obtained from the
UniProt website (http://www.uniprot.org) [49]. Two-way statistical
analysis of variance with Tukey's Honest Significant Difference post-hoc
analysis was performed. Values were considered to indicate a statisti-
cally significant at p < 0.05 [50].

2.4. Protein-protein interaction analysis

STRING (the Search Tool for Retrieval of Interacting Genes/
Proteins) database v 9.0 (string-db.org) was employed to obtain the
interaction network. The confidence score was defined by STRING and
the interaction confidence was calculated. The interaction network was

constructed with a high confidence score > 0.4. Cytoscape software
(http://www.cytoscape.org) was used as a tool to visualize the protein-
protein interaction network.

2.5. Protein precipitation by ammonium sulfate

Three grams of fresh leaf and pseudobulb samples from
Bulbophyllum morphologlorum Kraenzl and Dendrobium Sonia Earsakul
were collected from mature orchids, and then immediately ground se-
parately to a fine powder in liquid nitrogen and left in 5 mL of ex-
traction buffer (0.1 M NaCl, 20 mM phosphate buffer pH 7.2) at 4 °C.
The mixture was stirred at 4 °C overnight and later centrifuged at
10,178 x g for 30 min at 4 °C and the supernatant was collected. Then
ammonium sulfate was added to the supernatant to 90% saturation, and
the mixture was left overnight at 4 °C. Precipitated material was ob-
tained by centrifugation (15,904 x g, 30 min, 4 °C). The precipitate was
dissolved in 400 pL deionized water, and dialyzed against 1000 mL of
20 mM phosphate buffer pH 7.2 (with 4 changes of the fresh buffer)
over 18 h at 4 °C. The dialyzed material was then dried using speed-vac.
The amount of protein was calculated by the Bradford assay [51].

2.6. Native polyacrylamide gel electrophoresis of SOD activity

The native-PAGE using 12.5% (w/v) polyacrylamide was prepared.
The protein sample was dissolved in sample buffer without boiling. The
gel was stained for SOD activity using the Chopra method [52]. Thirty
micrograms of extracted proteins from leaves and pseudobulb of both
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Fig. 2. Functional annotation of highly expressed proteins from leaves and pseudobulbs of Bulbophyllum morphologlorum Kraenzl. and Dendrobium Sonia Earsakul are
shown as bar graphs.

‘Water, salinity
Temperature stress Disease infection Hormone and heavy metal Oxidative stress Radiation

2000
. 1800 4 mLeaf
9 ]
< 1600 = Pseudobulb
£ 1400
21200 4
5 1000 |
$ 800 4
g s
S 600 -
g
5 400
2,00 -
0.00 -
O & PP DS P a.,\\mex\e\\ PO I PO NP PO PO NI DD DD S
FFFF S Iy ﬁ\*\i\‘*’«\“%“e@@""@@d’é“ CHFE NS FE
\Q@ \@» ﬁ & & Q@ IR & & \0 & @ \\ 50\ & o q@.“ R R S z,»\ & <»"° & @\o &S o“‘ &F &
C N TSI F ST ~¢® et Y T C IS T T T S
2 ~ O . -, '
¥ N & @@o o“‘c O&Q‘ ¢ 0"§$ e & ® ISR S Ny &:‘C\\ raéé & & & &‘\ G S &S& & & F 5 v}&\\ &
$ XD S . & & F P e N & & N PN e S $
S & d AN S & F S F I L O S ¢ ¥ & e &
FEITT T ST TS TS & T& T
O > 4 .
& & & FFFF S \4\4* F & ¢ o & Q@b &
¥ & $ N &S & F & FF S & & 0\\‘\@@ & $ & ¥ R
MRS & SRV PVl o & N K & & = ¥ PPN o
& F go°° < L § & Y:"*' & & q\é' & O ¥ S & 5
SRy & S & ¢ vgc’ & ~ T
& A > & &F 9
v & & € <
6""& Q\'é\
60
P

Fig. 3. Percentage of the stress proteins associated with biotic stress (infection) and abiotic stress (temperature, hormone, water, salt, metal) in orchid leaves and
pseudobulbs of Bulbophyllum morphologlorum Kraenzl.
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Fig. 4. The interaction network of proteins involved in stress response of leaves
and pseudobulbs of Bulbophyllum morphologlorum Kraenzl. The 2 major clusters
are shown in pink and blue, respectively. (For interpretation of the references to
color in this figure legend, the reader is referred to the Web version of this
article.)

orchids after ammonium sulfate precipitation were added with non-
reducing sample buffer (62.5 mM Tris-HCl pH 6.8,10%, v/v glycerol
and 1%, w/v bromophenol blue) and loaded onto native-PAGE. Elec-
trophoresis was performed for 60 min at 4 °C and 10 mA. SOD activity
was detected by incubating the gel in staining buffer (50 mM phos-
phate, pH 7.8), containing EDTA (1 mM) and riboflavin-NBT in the dark
for 10 min. The riboflavin-NBT was replaced by 0.1%v/v TEMED and
left in the dark for 15 min. Then the solution was removed and the gel
was placed under a 25 W light bulb until SOD bands were visualized.
The SOD bands were confirmed by in-gel tryptic digestion and LC/MS/
MS using the above method.

3. Results

3.1. Protein profiles of leaves and pseudobulbs of Bulbophyllum
morphologlorum Kraenzl and Dendrobium Sonia Earsakul

Three hundred micrograms of phenol extracted proteins from leaves
and pseudobulb of Bulbophyllum morphologlorum Kraenzl and
Dendrobium Sonia Earsakul were separately loaded in triplicate onto 2-
DE gels. The results showed reproducible and clear proteomic maps
with distinctive and intense spots ranging from 14 to 97 kDa as shown
in Fig.1 (A-D). ImageMaster 2D Platinum software was used for ana-
lysis, showing that the Bulbophyllum leaf and pseudobulb extracts had
700 and 673 protein spots, respectively while the Dendrobium leaf and
pseudobulb extracts had 679 and 551 protein spots, respectively. A
total of 233 randomly selected protein spots of highly expressed pro-
teins from both tissues of Bulbophyllum and Dendrobium were excised
and trypsinized for identification of proteins by LC-MS/MS analysis.
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3.2. Protein identification by LC-MS/MS analysis

The highly expressed protein spots of interest, selected as re-
presentative proteins from the leaves and pseudobulbs of the
Dendrobium and Bulbophyllum, were digested with trypsin and identified
by LC-MS/MS. A total of 233 proteins were identified using SWISSPROT
databases as annotated proteins (Table 1) including accession number,
Mascot score, percent coverage, MW/pl (experimental and theoretical)
and functions, using the criteria explained in the Materials and
Methods. Since there is still no database for orchids, we searched by
using viridiplantae (green plants) from the database. The identified
proteins were from various types of plants that matched with the
peptide sequences. Based on the Protein Analysis Through Evolutionary
Relationships (PANTHER) Gene Ontology classification analyses, these
233 annotated proteins were categorized and displayed by the percent
of proteins into 9 functional groups as follows: proteins involved in
amino acid metabolism, carbohydrate metabolism, cellular commu-
nication and signal transduction, fatty acid metabolism, glycolysis and
gluconeogenesis, photosynthesis and photorespiration, protein bio-
synthesis, stress response and unknown proteins. The functional pro-
teins in the leaves of the Bulbophyllum were annotated into stress re-
sponse (40%), photosynthesis and photorespiration (23.64%), and
glycolysis and gluconeogenesis group (20%). In comparison, the pro-
teins in pseudobulbs of the Bulbophyllum were dominated by stress re-
sponse (41.43%), glycolysis and gluconeogenesis (17.14%), and cellular
communication and signal transduction (12.86%) (Fig. 2).

The thirty-six differentially expressed proteins from leaves and
pseudobulbs of Bulbophyllum were mainly involved in stress activities
and defense mechanisms and were classified into six sub-groups based
on their role in responding to stress conditions as shown in Fig. 3, in-
cluding temperature stress, disease infection, hormone, water, salinity
and heavy metal, oxidative stress (enzymatic and non-enzymatic) and
radiation. The stress response proteins associated with temperature
stress and oxidative stress were most involved with heat shock protein
70 and superoxide dismutase (Cu-Zn), respectively. The gene names are
also shown in addition to the protein names.

3.3. Protein-protein interaction network of stress response proteins from
Bulbophyllum morphologlorum Kraenzl

The interaction network with the confidence score for the 36 stress
response proteins from Bulbophyllum orchids was obtained by using the
STRING database. The STRING was able to help predict the related
functions of proteins obtained by accessing many free databases.
Visualization of the network was performed by Cytoscape software. The
clustering of biological processes was represented by different colors
according to the related functions. The results for the network inter-
action (Fig. 4) indicate two clusters of high expression proteins, in-
cluding proteins involved in response to temperature stress (ACT7,
HOTS5, CPN20, HSP81-2, HSP60, HOP2, HOP3 AND BIP2) and in oxi-
dative stress (ALDH2B7, CRT1A, CAT, DFR. GSTF6, MDAR6, PSY,
SDH1-1, CSD1 AND TRX3), respectively. Heat shock protein 70 (BIP2)
and catalase 2 (CAT) were 2 proteins that showed core interaction with
other proteins.

3.4. Validation of superoxide dismutase (Cu-Zn) by Native-PAGE and
confirmed by LC/MS/MS

Extracted proteins from orchid, after ammonium sulfate precipita-
tion, were subjected to native-PAGE, and incubated in riboflavin-NBT
solution and treated with 25 W light exposure to induce superoxide
synthesis. Six bands (band I, II, III, IV, V and VI) of superoxide dis-
mutase activity were obtained from leaves (BML) and pseudobulbs
(BMP) of Bulbophyllum orchid (Fig. 5A), All six bands were cut, digested
by trypsin and analyzed by LC/MS/MS. Based on SWISSPROT database,
Cu/Zn-SOD isoenzymes were only identified in band IV and VI as Cu/
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Fig. 5. The Native PAGE of Superoxide dismutase isoenzyme activities in leaves and pseudobulbs of Bulbophyllum morphologlorum Kraenzl were shown (A).
Representative MS/MS spectra of identified peptides from band IV (B) and VI (C) were AVWVHADPDDLGK of Cu/Zn-SOD 1 and GGHELSLTTGNAGGR of Cu/Zn-SOD

2, respectively.

Table 2
Identification of protein bands (I-VI) from SOD activity native gels.

Gel band Identified protein (species) Accession no. Score

Peptide match Unique seq. pI/MW Peptides

I Enolase 1 (Zea mays)
11 Enolase 1 (Zea mays)

ENO1_MAIZE
ENO1_MAIZE

548
462

il Enolase 1 (Zea mays) ENO1_MAIZE 1542

Superoxide dismutase [Cu-Zn] 1
(Arabidopsis Thaliana)
Enolase 1 (Zea mays)

SODC1_ARATH 126

ENO1_MAIZE

VI Superoxide dismutase [Cu-Zn] 2

(Arabidopsis Thaliana)

SODC2_ARATH 170

5.20/48.03
5.20/48.03

R.IEEELGDAAVYAGAK.F
K.IPLYQHIANLAGNK.T
K.EGLELLK.A
K.TCNALLLK.V
K.YNQLLR.I
R.IEEELGDAAVYAGAK.F
K.FRAPVEPY
K.KIPLYQHIANLAGNK.T
K.IPLYQHIANLAGNK.T
K.EGLELLK.A
K.DKTYDLNFK.E
K.TCNALLLK.V
K.YNQLLR.I
R.IEEELGDAAVYAGAK.F
K.FRAPVEPY
QIPLIGSGSIIGR.A
R.AVVVHADPDDLGK.G
K.TCNALLLK.V
K.YNQLLR.I
R.IEEELGDAAVYAGAK.F
R.AFVVHELKDDLGK.G
K.GGHELSLTTGNAGGR.L

5.20/48.03

5.54/15.25

5.20/48.03

6.48/22.23

Zn-SOD 1 and Cu/Zn-SOD 2, respectively (Table 2). There were no
significant differences in the activity of Cu/Zn-SOD 1 between BML and
BMP. In contrast, the elevated Cu/Zn-SOD 2 activity was obviously
detected in BML as compared to BMP. Representative MS/MS spectra of
the sequence specific peptides for Cu/Zn-SOD 1 and Cu/Zn-SOD 2 were
shown as AVVVHADPDDLGK and GGHELSLTTGNAGGR, respectively
(Fig. 5B and Q).
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4. Discussion

Antioxidant defenses are used to neutralize reactive oxygen and
nitrogen species (RONS) which occur from both endogeneous and
exogeneous processes to produce negative effects. When there is an
imbalance between RONS and antioxidant defenses, oxidative stress
occurs. During aging, the organ and tissue functions are progressively
lost and involve oxidative stress related to many diseases such as
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cardiovascular disease, cancer, chronic kidney disease, neurodegen-
erative disease and etc [53] Natural antioxidants from plants have re-
ceived much attention and have proven to be useful for preventing
related oxidative stress diseases, thereby slowing ageing processes. Our
results showed the Bulbophyllum ethanol crude extract had stronger
exogenous antioxidant activities against free radical molecules than
other orchid extracts. Usually, tolerant plants are reported to contain
high antioxidants in order to protect from oxidative stress and keep
maintaining a high amount under stress conditions.

The differential protein expression of phenol extracted proteins
from leaves and pseudobulbs of Bulbophyllum morphologlorum Kraenzl.
and Dendrobium Sonia Earsakul were compared by proteomic methods.
A total of 233 proteins from selected spots were identified from
Bulbophyllum and Dendrobium leaves and pseudobulbs. The pre-
dominant protein groups found in both orchids, particularly proteins in
leaves and pseudobulbs of Bulbophyllum orchid, were involved in stress
response. Interestingly, more than half of the annotated stress proteins
highly expressed in Bulbophyllum were associated with temperature
stress and oxidative stress response function. The protein-protein in-
teraction network also showed clusters of antioxidant defense and heat
shock proteins, respectively. Proteins from both leaves and pseudobulbs
of Bulbophyllum that are involved in temperature stress are actin, al-
cohol dehydrogenase 1, B3 domain-containing transcription repressor,
high molecular weight heat shock protein, heat shock protein 90, heat
shock protein chaperonin CPN60 and heat shock protein 70 (HSP70).
The most abundant protein identified in pseudobulbs of Bulbophyllum
was HSP70. HSP70 proteins from leaf tissue play essential roles in
various mechanisms, such as refolding protein conformations and
protecting against harmful effects of abiotic stress [54,55]. Generally, a
number of plant HSPs were detected in leaf and green tissues [56].
However, the expression of HSP70 was shown to be up-regulated in the
mycorrhizal Bipinnula fimbriata roots cultured in heavy metal-polluted
soil [43]. In addition, HSP90 has been reported to act as a co-cha-
perone, forming a chaperone complex with HSP70, which regulates a
resistance gene in wheat [57] and Arabidopsis [58].

Proteins highly involved in oxidative stress response include calre-
ticulin, catalase 2, glutathione-S-transferase, 2-methylene-furan-3-one
reductase, isoflavone reductase, monodehydroascorbate reductase,
peroxidase 27, phytoene synthase, succinate dehydrogenase and su-
peroxide dismutase (Cu-Zn). The expression of enzymatic antioxidants
from our work includes catalase 2, glutathione-S-transferase and Cu/
Zn-SOD. One of the most important enzymatic antioxidants is SOD
which showed high expression in both leaves and pseudobulbs of
Bulbophyllum orchids, also detected by SOD activity staining on native-
PAGE. LC/MS/MS was used to identify the type of SOD isoenzymes
from activity bands, confirming the presence of Cu/Zn-SOD 1 and Cu/
Zn-SOD 2. This is the first report on the Cu/Zn-SOD in the Bulbophyllum
orchids. Our finding suggests that Cu/Zn-SOD 2 activity was highly
elevated on Bulbophyllum leaves, as compared to Bulbophyllum pseu-
dobulbs, whereas there were no differences in Cu/Zn-SOD 1 activity. In
agreement with previous studies [59], Cu/Zn-SOD 2 is mainly localized
in the plant chloroplast.

Antioxidants from natural sources have been shown to be good
potential medicines for maintaining health, preventing oxidative stress
related diseases and delaying the process of aging [60]. Antioxidants
may also be used in cosmetics and food supplements [[61]]. Potato,
legumes, berries, spinach, tomatoes, cherries, prunes, olives and citrus
were identified to be non-enzymatic antioxidant sources [62,63], as
well as some orchids [64]. Studies on searching for new and safe en-
dogenous antioxidants, of both enzymatic and non-enzymatic nature,
from natural sources, is still of interest for use as supplements for an-
tioxidant defense to prevent and manage oxidative stress related dis-
eases. Our results suggest that Bulbophyllum orchid has the higher ac-
tivity of Cu/Zn-SOD than of Dendrobium and can be a potential plant
source for medicines and natural antioxidant supplements.

Biochemistry and Biophysics Reports 22 (2020) 100762

5. Conclusions

Proteomic study of the phenol extracted proteins of Bulbophyllum
and Dendrobium led to distinctive and intense protein spots on 2-DE gel,
allowing 233 proteins to be identified using LC-MS/MS analysis. Search
for protein functions showed that the predominant annotated proteins
in both orchids were stress response proteins, mostly associated with
antioxidant and temperature which showed more variability in the
Bulbophyllum than Dendrobium. Proteins related to stress conditions,
such as heat shock proteins and Cu/Zn-SOD, showed particularly high
expression in Bulbophyllum. The high expression of this antioxidant
enzyme from Bulbophyllum morphologlorum Kraenzl was confirmed
using superoxide dismutase activity staining on native-PAGE coupled
with LC/MS/MS. The activity of Cu/Zn-SOD 2 was highly elevated on
Bulbophyllum leaves as compared to Bulbophyllum pseudobulbs whereas
there were no differences in Cu/Zn-SOD 1 activity. The results suggest
that Bulbophyllum orchid can be a potential plant source for medicines
and natural antioxidant supplements.
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