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Abstract

The total superoxide dismutase (SOD) isozymes activity in green bamboo were analyzed, at
least 7 isoforms of CuZnSOD and 1 MnSOD were identified. Southern blotting analysis suggested
that there are at least 4 CuZnSOD and MnSOD genes. When supplying 0.05 to 0.2 mM copper or
manganese ion into the bamboo leaf crude protein extract resulted in no activities band-shifting of
isoforms. When denaturing and renaturing of the protein extract with 8 M urea followed by dialysis,
shown the same result as copper ions treatment. The abundance of green bamboo SOD genes and the
complexity of CuZnSOD isoforms suggested that green bamboo has a more complex regulation in
its antioxidant system. Which may tribute to the physiologically special properties of green bamboo
under oxidative stress?

By alignment of the published MNnSOD c¢DNA sequences in monocots, the degenerate primers
were designed according to the conserved regions. Two full-length cDNA sequences coding for
green bamboo BoMnSOD were cloned by the RACE and RT-PCR. The deduced amino acid of
BoMnSOD consists of 231 amino acids, including the essential domains of MnSOD and a
mitochondrial transit peptide (27 a.a.) in the N-terminus. The BoMnSOD share 75-89% identity with
MnSODs from other plants. The cDNA coding regions were cloned into the pGEX-6P-1 expression
vector, and expressed in the Escherichia coli BL21 (DE3) strain. Four full-length cDNA sequences
coding for green bamboo BoCuZnSOD also cloned. One full-length BoCuZnSOD cDNA clone of
793 bp consists of 152 amino acids, without transit peptide was analyzed. This cytosolic
BoCuZnSOD shares 81-95% identity with other plant’s.

Recombinant GST-BoCuZnSOD and GST-BoMnSOD remained of the SOD activity, both of
which were stable at alkaline pH and declined to 10% after incubation at 60°C for 20 min. The SOD
activity of recombinant BoCuZnSOD and BoMnSOD were stable more than 3 days incubated at
room temperature. BOMnSOD and BoCuZnSOD c¢DNA sequences from green bamboo not only
overexpressed in prokaryotes but also remained stable under a broad range of pH, higher
temperature, also very stable in the room temperature. These properties are beneficial for
applications in commercial, such as in cosmetics for skin protection or defending un-esthetic effects
caused by oxygen-containing free radicals.

The promoter of BoCuZnSOD and BoMnSOD were also studied, analysis of the cis-element
within the promoter is proceeding to help us understand the physiological regulation of BoCuZnSOD
and BoMnSOD.

-25-



Introduction

Reactive Oxygen Species (ROS)

The evolution of aerobic metabolic processes such as respiration and photosynthesis
unavoidably led to the production of reactive oxygen species (ROS) in mitochondria, chloroplasts,
and peroxisomes. ROS are molecules like hydrogen peroxide, ions like hypochlorite ion, radicals
like hydroxyl radical, and superoxide anion which is both ion and radical. Hydroxyl radical is the
most reactive ROS. A common feature among the different ROS types is their capacity to cause
oxidative damage to proteins, DNA, and lipids. Increasing evidence indicates that ROS also function
as signaling molecules in plants involved in regulating development and pathogen defense response

(Apel and Hirt, 2004).

Generation of ROS

In plants ROS are continuously produced as byproducts of various metabolic pathways localized
in different cellular compartments (Foyer and Harbinson, 1994). The production and scavenging of
ROS is balanced in plants at normal condition. Some environmental factors (high light, drought, low
or high temperature), mechanical stress and the pathogen attack may perturb the equilibrium and
cause the rapid increase in ROS. In plant, NADPH-oxidase associated with plasma membrane which
was required for ROS production during defense response (Torres et al., 2002). Cell wall-bound
peroxidases may produce ROS for physiological responses such as the controlled breakdown of
structural polymers, like cell wall in root, hypocotyls, or coleoptiles (Vianello et al., 1991; Ogawa et
al., 1997; Frahry et al., 2001). Predominantly, ROS are continuously produced in chloroplasts,
mitochondria, and peroxisomes through many metabolism pathways: photosynthesis,

photorespiration, oxidative phosphorylation and fatty acid -oxidation.

ROS Detoxification
Plant cell had to evolve sophisticated strategies to keep the concentrations of superoxide,
hydrogen peroxide, and transition metals such as Fe and Cu under control were described following:
Nonenzymatic ROS Scavenger: Nonenzymatic antioxidants include the major cellular redox
buffers ascorbate and glutathione (GSH), as well as tocopherol, flavonoids, alkaloids, and
carotenoids. GSH is oxidized by ROS forming oxidized glutathione (GSSG), ascorbate is oxidized
to monodehydroascorbate (MDA) and dehydroascorbate (DHA). Through the ascorbate-glutathione

-26 -



cycle, GSSG, MDA, and DHA can be reduced reforming GSH and ascorbate. Reduced states of the
anti- oxidants are maintained by glutathione reductase (GR), monodehydroascorbate reductase
(MDAR), and dehydroascorbate reductase (DHAR), using NADPH as reducing power (Asada and
Takahashi, 1987; Tsugane et al., 1999). Little is known about flavonoids and carotenoids in ROS
detoxification in plants. However, overexpression of carotene hydroxylase in Arabidopsis leads to
increased amounts of xanthophyll in chloroplasts and results in enhanced tolerance towards

oxidative stress induced in high light (Davison et al., 2002).

Enzymatic ROS Scavenger

Enzymatic ROS scavenging mechanisms in plants include superoxide dismutase (SOD),
ascorbate peroxidase (APX), glutathione peroxidase (GPX), and catalase (CAT). Superoxide
dismutases (SODs; EC 1.15.1.1) are ubiquitous metalloenzymes that catalyze the disproportionation
of superoxide (O;”) radicals into hydrogen peroxide and molecular oxygen. APX, GPX and CAT
subsequently detoxify H,O,. They play an important role in protecting cells against the toxic effects
of superoxide radicals produced in different cellular loci (Fridovich, 1986; Halliwell and Gutteridge,
1989). In chloroplasts, the superoxide radical is produced by the univalent reduction of dioxygen
during photosynthetic electron transport, particularly under conditions where CO, is limited and
light intensity is high (Asada and Takahashi, 1987). Because superoxide has been postulated as a
reactant in the formation of the highly reactive hydroxyl radical (Asada and Takahashi, 1987), SODs

may play a central role in protecting chloroplast proteins and membranes against damage from ROS.

Plant Superoxide Dismutase (SOD)

Three types of SOD have been characterized based on the nature of the metal co-factor present
at the catalytic site, i.e. copper/zinc (CuZnSOD), iron (FeSOD), or manganese (MnSOD) SODs. The
CuZnSODs are localized in the cytosol, chloroplasts, nucleus, and apoplast; the Mn-SODs in the
mitochondria and peroxisomes; and the FeSODs in the chloroplasts (Sandalio et al., 1987; Van
Camp et al., 1990; Bowler et al., 1994; Ogawa et al., 1996). Unlike most other organisms, plants
contain multiple SOD isozymes. The SOD activity in plants increases differentially in response to
various environmental stresses (Bowler et al., 1989; Tsang et al., 1991) and often correlates with the
severity of stress (Bowler et al., 1992).

The first plant SOD gene was cloned from maize (Cannon, White and Scandalios, 1987). The

sequences of many SODs have been cloned in intact plants, e.g. tobacco (Bowler, Aliotte, De Loose,
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Van Montagu and Inze, 1989), tomato (Perl-Treves, Nacmias, Aviv, Zeelon and Galun, 1988), maize
(Cannon and Scandalios, 1989), rice (Kaminaka, Morita, Yokoi, Masumura and Tanaka, 1997,
Sakamoto, Ohsuga and Tanaka, 1992), and aspen (Akkapeddi, Shin, Stanek, Karnosky and Podila,
1994). Moreover, nine SOD isoenzymes have been described in maize (Baum and Scandalios, 1981),
and seven in Arabidopsis (Kliebenstein, Dietrich, Martin, Last and Dangl, 1998). The subcellular
localization of seven SOD genes in Arabidopsis was: cytosol (CSD1), chloroplasts (CSD2, FSDI,
FSD2, FSD3), mitochondria (MSD1), and peroxisome (CSD3).

The growth rate of green bamboo shoot was extremely fast, which may lead to the large amount
of ROS accumulation. We analyzed the SODs from green bamboo which was the first line of
enzymatic defense against ROS and revealed the complexity of its SOD activity. By cloning of green
bamboo CuZnSOD and MnSOD and overexpress the recombinant proteins in E. coli, we can
characterize the property of the recombinant protein and to raise the antibody against green bamboo
SODs for further physiological study. Many commercial skin-care products were contained SOD as

antioxidant, so the understanding of green bamboo SODs system may have economic potential.
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Materials and Methods

Plant Materials
Green Bamboo (Bambusa oldhamii) leaf and shoot were excised and frozen in liquid nitrogen.
Samples were stored at -80°C until RNA, DNA, and protein extraction. (Samples were harvested

from Muzha, suburb of Taipei)

Protein Extraction and Quantification

Green bamboo leaf and shoot samples were ground to powder in liquid nitrogen and suspended
with 150 mM Tris-HCI buffer (pH 7.2) (tissue:medium ratio 1:3, w/w). The homogenate was
centrifuged at 13,000g at 4°C for 10 min to collect the supernatant. Protein quantification was
conducted by the method of Bradford (1976) with the Bio-Rad protein assay reagent (Bio-Rad,

Hercules, CA). Bovine serum albumin (Sigma) was used as a reference standard.

Electrophoresis and SOD Activity Analysis

Protein was separated on a 10% native PAGE in the Tris-glycine buffer (pH 8.3). A
photochemical method modified from (Beauchamp and Fridovich, 1971) was used to visualize SOD
activity. The gel was soaked in 0.1% (w/v) nitroblue tetrazolium (NBT) solution for 15 min, rinsed
with distilled water and transferred to 100 mM potassium phosphate buffer (pH 7.0) containing
0.028 mM riboflavin and 28 mM TEMED (N,N,N’,N’ -tetramethyl-ethylenediamine) for another 15
min. After being washed with distilled water, gel was illuminated on a light box, with a light
intensity of 30 umol m™ s for 15 min to initiate the photochemical reaction. The resulting intensity
of SOD activity and the banding area after the SOD activity stain was measured by a computing
densitometer LAS-3000 imaging system (FUJIFILM). The SOD activity was verified by KCN and
H,0, as described by Pan et al. (1999). KCN is an inhibitor of CuZnSOD, whereas H,O, inhibits
both CuZnSOD and FeSOD. The MnSOD activity is not inhibited by either chemical (Table. 5).

Western Blot Analysis

Protein was separated on a 10% native- or SDS-PAGE then transferred to a PVDF membrane
(Amersham Biosciences), blocked with 5% nonfat-milk in 1X PBST for 1 h, and then incubated
with anti-GST antiserum (1:2,000 dilution) for another hour as described by (Lee et al., 2003). The

washed membrane was incubated with 1:2,000 diluted goat anti-rabbit IgG conjugated with alkaline
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phosphatase (PerkinElmer, Boston, MA); the signals were detected by colorimetric reaction with

BCIP/NBT (PerkinElmer).

DNA Isolation and Southern Blot Analysis

Green bamboo leaf and shoot samples were ground to powder in liquid nitrogen. Genomic
DNA was extracted using DNAzol reagent (Invitrogen) according to the manufacturer’s instructions.
5 ng of the genomic DNA was digested with restriction enzymes (ex., ECORV, BamHI, HindIII, and
Xbal) and electrophoresed on a 0.8% TBE agarose gel and blotted to a nylon membrane
(Immobilon-Ny+, Millipore) then probed with the *’P-radiolabeled BoMnSOD or BoCuZnSOD
cDNA fragment. The membrane was washed in a high stringency condition and analyzed by

scanning the phosphorscreen on Typhoon 9400 (Amersham Biosciences).

RNA Isolation and cDNA Synthesis

Green bamboo leaf and shoot samples were ground to powder in liquid nitrogen. Total RNA
was isolated using REzol (PROtech Technologies) reagent as described by the manufacturer. 1 ug of
total RNA was used for cDNA synthesis using BD SMART PCR cDNA synthesis kit (Clontech, Palo

Alto, CA) according to the manufacturer’s instructions.

Analysis of MnSOD and CuZnSOD Gene Sequence
Sequence information of genes, proteins, and cDNAs were retrieved by searching public
database with the BLAST algorithm (Altschul et al., 1997) at National Center for Biotechnology

Information (NCBI, http://www.ncbi.nlm.nih.gov), The Prosthetic groups and Metal Ions in Protein

Active Sites Database Version 2.0 (PROMISE, http://metallo.scripps.edu/PROMISE/), Plant
Cis-Acting Regulatory Element (Plant CARE, http://intra.psb.ugent.be:8080/PlantCARE/) and the

Expert Protein Analysis System proteomics server of the Swiss Institute of Bioinformatics (ExPASy,

http://au.expasy.org/). The mitochondrial-targeting signal was predicted with the TargetP version 1.1

(Emanuelsson et al., 2000; http://www.cbs.dtu.dk/servic es/ TargetP).

The 5’- and 3’-RACE to clone Green bamboo BoMnSOD and BoCuZnSOD genes

BoMnSOD gene-specific degenerate primers were synthesized according to the conserved
regions between cDNA sequences of MNSOD from Oryza sativa (NCBI accession no. 1.34038 and
L.34039), Triticum aestivum (NCBI accession no. AF092524, U73172, and U72212) and Zea mays
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(NCBI accession no. L19461, L19462, 19463, M33119, and X12540). The gene-specific primers
sequences of BoMnSOD-Fw-0, BoMnSOD-Rv-0, and BoMnSOD-Rv-1 were shown in the Table 1
and Figs. 1 and 2. The first time RT-PCR (by BoMnSOD-Fw-0, BoMnSOD-Rv-0 primers) following
by a nested PCR (BoMnSOD-Fw-0, BoMnSOD-Rv-1 primers), one 0.4-kb cDNA fragment was
amplified, then subcloned into yT&A vector (Yeastern Biotech, Taipei, Taiwan) for sequencing.
Another gene-specific primer BoMnSOD-Fw-1 (see Table 1 and Fig. 2) was designed against to the
former RT-PCR amplified sequence. Then, the 5’- and 3’-RACE were conducted using the 5’-RACE
CDS primer and the 3’-RACE CDS primer-A provided in the commercial kit, combined with the
primers: BoMnSOD-Rv-0, BoMnSOD-Rv-1 and BoMnSOD-Fw-0, BoMnSOD-Fw-1, respectively.
The two RACE products were confirmed the specificity by a nested PCR, were also cloned into the
yT&A vector for sequencing. The sequenced data used to designed primers for RT-PCR to clone the
full length BOMNnSOD c¢DNA genes (The primers used here as shown in the next section:
Recombinant Proteins Expression). The full length BoCuZnSOD c¢DNA cloning was adapted
according to BoMnSOD c¢DNA cloning described above. Sequencing results were analyzed with

EditSeq and MegAlign programs of Lasergene software (DNASTAR, Inc.).

Recombinant Proteins Expression

The full-length BoMnSOD open reading frame was amplified using synthesized primers, the
BoMSD-5’, BoMSD-3’-0, and for nested PCR BoMSD-3’-1 primers (Table 3). Two full-length
BoMnSOD open reading frames about 0.7-kb were cloned and named as BoMnSOD11 and
BoMnSOD31. The primer pair set for amplification of the full-length BoCuZnSOD open reading
frame are BoCZSD-5 and BoCZSD-3’ (Table 3) (Liao et al., 2003). Four full-length BoCuZnSOD
open reading frames with about 0.5-kb were cloned and named as BoCuZnSOD3, BoCuZnSOD4,
BoCuzZnSOD16, and BoCuZnSOD28. Theses BoCuZnSOD and BoMnSOD ORFs were constructed
in the pGEX-6P-1 vector (Amersham Biosciences) and sequenced. After transformation of the
constructed expression vectors into E. coli BL21 (DE3) competent cells, the recombinant proteins
were induced, expressed, and purified according to protocol described by the manufacture

(Pharmacia Biotech).

Biochemical Characterization of the Recombinant Protein
Each purified recombinant protein was underwent the following treatments, all treatments were

repeated three times. Samples after treatments were separated on a 10% native PAGE and following
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by SOD activity analysis.

(1) pH stability: recombinant protein was amended with a half volume of the buffer at different
pH: 0.2 M Na,HPO,4 and 0.1 M citrate buffer (for different pH at 2.2, 3.0, 4.0, 5.0, and 7.0) and 0.2
M glycine-NaOH buffer (for pH at 9.0 and 10.4). Each sample was incubated at 37°C for 1 h.

(2) Thermal stability: recombinant protein was incubated at the different temperature (ex., 25,
40, 50, 60, 80, and 100°C) for 20 min.

(3) Room temperature stability: recombinant protein was incubated at different time interval for

2,4,8, 12,24, 36, 48, 60, and 72 h in the room temperature.

Urea Denaturation and Metal lon Application of Green Bamboo Leaf Crude Protein Extract
Green bamboo leaf crude protein extract (60 pg) was treated with 8 M urea for denaturing and
dialyzed for renaturation of the endogenous SODs. Different concentration of copper and manganese
ion (0, 0.05, 0.1, 0.15, and 0.2 mM) were applied to green bamboo leaf crude extract and incubated
at 37°C for 1h. Treated samples were separated on a 10% native PAGE and following by SOD

activity analysis.

TAIL-PCR to Clone the Promoter Region of BoCuZnSOD and BoMnSOD

Specific TAIL-PCR primers were designed from the 1% intron sequence of BoCuZnSOD and
BoMnSOD (Tables 3 and 4). The genomic DNA was used for TAIL-PCR as described (Lieu, 1995;
Liu and Whttier, 1995; Mitsukawa, and Whttie et al., 1995).
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Results

Sequence Analysis of Green Bamboo MnSOD and CuzZnSOD

The nucleotide sequences of the two full-length MnSOD cDNA open reading frame (ORF)
clones (696 bp): BoMnSOD11 and BoMnSOD31 are highly conserved (with 89-90% identity)
compared with a wheat mitochondrial form MnSOD and the deduced amino acid sequences (231 a.a.)
are also highly conserved (with 89% identity) compared with a rice mitochondrial form MnSOD.
The MITOPROT and TargetP programs indicated that the BoOMNnSOD11 and BoMnSOD31 with a
mitochondrial targeting signal and also with a Mn/FeSOD signature was identified by the PROSITE
SCAN program. Suggesting that the BOMnSOD11 and BoMnSOD31 are putative mitochondrial
localized MnSOD (Fig. 3, A and B). Comparison with the PROMISE database version 2.0 predicted
that His-27, His-75, Asp-164 and His-168 are residues for manganese ion binding after the
mitochondrial targeting sequence (Fig. 3B). The four full-length BoCuZnSOD cDNA ORF clones
(459 bp) are BoCuZnSOD3, BoCuZnSOD4, BoCuZnSOD16, and BoCuZnSODZ28 highly conserved
(with 91% identity) compare with a rice cytosolic form CuZnSOD and the deduced amino acid
sequences (152 a.a.) are also highly conserved (with 95% identity) compare with a maize cytosolic
CuZnSOD. The BoCuZnSOD amino acid sequences were analyzed by PROSITE SCAN and
without any transit peptide was proposed. Suggesting these four clones are to be a cytosolic
CuZnSOD (Fig. 4, A and B). Comparison with the PROMISE database version 2.0 predicted that
His-45, His-47 and His-119 are for copper ion binding; and His-70, His-79, and His-82 are for zinc

ion binding, the His-62 is for both copper and zinc ion binding (Fig. 4B).

Expression and Purification of the Recombinant BoMnSOD and BoCuZnSOD

The recombinant BoMnSOD and BoCuZnSOD were overexpressed in E. coli BL21 (DE3) and
analyzed on the 10% SDS-PAGE. The recombinant BoMnSOD and BoCuZnSOD were affinity
purified to a homogeneity as judged by, SDS-PAGE analysis (Fig. 5A), SOD activity stain (Fig. 5C),
and by Western blot analysis on SDS-PAGE (Fig. 5B) or native PAGE (Fig. 5D). The molecular
weight of the purified GST-BoCuZnSOD (41 kD) and GST-BoMnSOD (51 kD) on SDS-PAGE

agreed with the molecular weight deduced from its amino acid sequence.

Biological Characterization of the Recombinant BoCuZnSOD and BoMnSOD
The recombinant BoCuZnSOD is less sensitive to the inhibitors of KCN and H,O, than that of
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endogenous CuZnSOD isolated from the green bamboo leaves (Fig. 6A, lanes 2, 3; and Fig. 6B,
lanes 3 and 5), meanwhile the recombinant BoMnSOD is also insensitive to any used inhibitors,
same as the endogenous MnSOD (Fig. 6A, lanes 2, 3; and Fig. 6B, lanes 4, 6). Both the recombinant
proteins are stabled at the alkaline pH value. Recombinant BoMnSOD showed better stability at pH
7-10.4, however, BoCuZnSOD is more stable than recombinant BoMnSOD during pH 5 and still
remained the activity at pH 2.2 (Fig. 7C). Both recombinant proteins are retained the SOD activity
during the 50°C treatment, and will lose the 90% activity when above 60°C (Fig. 7F). The stability

of recombinant proteins is stable at room temperature even more than 3 days latter (Fig. 8).

Genomic Organization of BoCuZnSOD and BoMnSOD

In order to determine the copy number of the BoCuZnSOD and BoMnSOD, a 5 pg genomic DNA
of bamboo leaves was digested with BamHI, EcoRI, HindIII and Xbal. Southern blotting result was
shown with 4 to 5 signals either probed with BOMnSOD or BoCuZnSOD c¢DNA fragment (Fig. 9, A
and B), which strongly suggested that the green bamboo genome contains a multiple copy of

BoCuzZnSOD and BoMnSOD genes.

Characterization of SODs Activities from the Green Bamboo

Green bamboo was shown with complexes of SOD activity profiles, especially for the CuZnSOD
activities were compared with rice and Arabidopsis (Fig. 10). However, the SOD activity of green
bamboo is only composed of the CuZnSOD and MnSOD, which was characterized and identified by
inhibitors of KCN and H,0, treatments (Fig. 6A). No band-shifting of SOD isoforms on the SOD
activity stain profile of green bamboo leaf crude protein extract after the application of different
concentration of copper or manganese ion (Fig. 11 A, B). Using 8 M urea as denaturant to denature
and renature of the endogenous SODs in green bamboo leaf protein extract. After the urea treatment,
endogenous SODs still remained the SOD activity (Fig. 12, lane 2) and the activity stain profile is
not interfered. Dialysis of treated sample resulted in largely losing SOD activity (Fig. 12, lane 3) but

the activity stain profile was still the same.

Cloning the Promoter Region of BoCuZnSOD and BoMnSOD
A 543 bp of the BoCuZnSOD promoter region and 1678 bp of BoMnSOD promoter region
were obtained through TAIL-PCR and PCR. Analysis the sequences of promoter region at

PlantCARE, the predicted cis-element are summarized in Tables 8 and 9.
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Discussion

Study of the SOD activity in green bamboo is composed of MnSOD and CuZnSOD that was
confirmed and identified by treated with different inhibitors (Fig. 6A). The SOD activity stained
patterns of green bamboo is more complex than other plants which we studied in this research,
especially with very complexes of CuZnSOD activity profiles (Fig. 10). Compared with maize, a
most studied monocot plant, which has 9 SOD genes with 5 CuZnSOD genes and 4 MnSOD genes.
The SOD-1, -2, -4, -4A, and -5 are CuZnSOD, in which SOD-1 is a chloroplastic and the others
belong to the cytosolic CuZnSOD, meanwhile, the SOD-3.1, -3.2, -3.3, and -3.4 are mitochondrial
MnSOD. In rice which also with the CuZnSOD (SodC), MnSOD (SodA), and FeSOD activities.

The Southern blot analysis of CuZnSOD and MnSOD in green bamboo showed that there
belong to a multiple copy genes family (> 4 copies) (Fig. 9). The activity profile of CuZnSOD in
green bamboo with 7 different CuZnSOD activities but only with 1 MnSOD activity band were
analyzed. The extracted total protein when treated with excess Cu and Mn ions, as well as by urea
treatments for denatured and renatured caused without any SOD activities changed (Fig. 11 and 12),
revealed these multiple CuZnSOD activity bands were not caused by incomplete incorporation of
the catalytic metal ions, instead, it might be by itself specific genes/protein structures. The
CuZnSOD genes with more diversity according to the gene alignment result, however, gene
structures and/or protein structures of the MnSOD gene were more similarity than each other.
However, why only one MnSOD activity was analyzed, it might because some of the MnSOD genes
were not constitutively expressed.

We had cloned 2 mitochondrial BOMnSOD clones and 4 cytosolic BoOCuZnSOD clones in green
bamboo, for the reason of why with a less BOMnSOD get cloned, was because a highly GC content
at the 5’-UTR which leaded to an unsuccessful 5’-RACE in BoMnSOD cloning (Fig. 2). The
3’-RACE clones revealed with 4 different 3°-UTR sequences in agreed with the results as shown in
the Southern blot analysis which with 4 different copies of BOMnSOD in green bamboo genome.

We characterized and analyzed of the purified recombinant BoCuZnSOD and BoMnSOD
expressed in E. coli. The BoMnSOD11 and BoCuZnSOD3 cDNA clones were conducted. During an
overexpression of the recombinant BoMnSOD experiment, the protein was led to the inclusion body
and this recombinant BoMnSOD was elaborated purified from the inclusion body without the SOD
activity. The same result was also reported on the overexpression and purification of a rice

recombinant MnSOD in E. coli (Tzeng, 1997). Because urea was used to release the recombinant
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protein from the inclusion body, and followed by dialysis which might cause protein inactivation. In
this case, dialysis might result in releasing of the ion cofactors from the active protein and cause the
loss of SOD activity. In other published documents also indicated that the formation of the inclusion
body mostly depended on the property of induced protein. When we induced of the recombinant
BoMnSOD during 30°C for overnight culture, the recombinant BoMnSOD from the soluble fraction
was purified and with SOD activity. We suggested that induction of the recombinant protein in a
lower incubation temperature would be a good way for induction of the MnSOD among other plant
species.

Both recombinant proteins of the BoCuZnSOD and BoMnSOD were stable in the alkaline pH
condition, recombinant BoCuZnSOD remaining with a 60% SOD activity at pH 5 which was more
stable than the recombinant BoMnSOD (about 20%). Compared with the rice recombinant
CuZnSOD and MnSOD in a various pH treatment (Liu, 1997; Tzeng, 1997), the recombinant
BoMnSOD was more stable (remaining more 90% SOD activity) than the rice recombinant MnSOD
(less than 80% SOD activity) when the pH>7 (Tzeng, 1997). The recombinant BoCuZnSOD was
less stable than the rice recombinant CuZnSOD at any treated pH condition. Interestingly, both
recombinant CuZnSOD of green bamboo and rice were stable at alkaline pH but still remained the
SOD activity specially at pH 2.2 (Liu, 1997).

In the thermal sensitivity assay, the recombinant BoCuZnSOD and BoMnSOD activities were
agreed with the results of the rice recombinant CuZnSOD and MnSOD, both were stable under 50°C
for 20 min treatment (Liu, 1997; Tzeng, 1997). The recombinant BoCuZnSOD and BoMnSOD
activities were stable more than 3 days at room temperature, which were more stable than the rice
recombinant CuZnSOD (decreased to 80% after SO0h incubation).

In comparison of the biochemical characterization in green bamboo recombinant CuZnSOD
and MnSOD with other CuZnSOD and MnSOD in different plant species were summarized in the
Table 6 and 7. In summary, BOMNnSOD and BoCuZnSOD ORFs from green bamboo not only
overexpressed in prokaryotes but also remained stable under a broad range of pH, higher
temperature, also very stable at the room temperature. These properties are beneficial for
applications in commercial, such as in cosmetics for skin protection or defending un-esthetic effects

caused by oxygen-containing free radicals.
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rice-l ATGEGCQRACTCCLRCATL CTEGECCTC A rada CCCTaA rer Crl FACAC T
rice=} AT EECQERECTCCLRCE TLELECCTCLCEA rAaAA CCCTA rer CrlC CACLAC T
wheat-1 AT L CQEACTCCOLRLCATR TLELCED ThaAA0222 cececTA r T FCE-CTELELE L
wheat-¢ ATGLHLCQEACETCECELRCATR TLLCE [ P P Y CCCTA r T Kr -ETEGELEL
wheat-2 AT G CQPC TC O L AT TLELECCL Craadabhaaad CCCTaA r T FCLE-CTCLEEC
com=1 ATGEECTCTCOCOLRCACCCTRRTL TCLERAADLRAA FCCCTATCCETTCGRCL G -CTCREETD
cerm-f ATGELECTCTCOCCOLCACCCTERRTC TrLLHAALASZA FCCCTATCOCCETTCGROGR-CTC GG 13
cerm-? ATGHGLECOTCOTCOCOLCACRCCTERERTLD TILHAALDREZA FCCCTATCEETTEGRLE G -CTELGLRE L
cern-¢ AT GGECTCTCOCOLCACCLITERGRTC TLLEAaA0LaA CypEC CTATCCTTEC L -pdTC LG
com-5 ATGEGECTCTCOCOLRCACCCTERRETL TrLhaahaa FpgrC CTATCCTTCE Cr-pgT C r FC I
CyEC TG AC AL CTCLLRCLCCTCCCRQAGCACCTTL rrTACGALT L R P N P S PR 3
G TGALDGATL GTLEOLECTCCOOQEgractCTC CCTACGRATLT L0 R G N P S
FQMC T GRAAC FrAC I TTL rcrCTCCCCLRACCTCLE CCTACEFALT EEGEEEElﬂS
CQEE T GRAAC AL I TL reECTCCCCCRACCTTLE CCTACRFALT L 3 P o P o P o
CLEC TGt 200 T L P R N N A Ol EETEEGAETTEEGEEEEJ.Z'.‘
T rrETCRACGACERGTOGROGETCECOCOCOGRACETETIEETACGACOTTEGRD GG 132
T FrrETEACFACLKLCTCOFCECTCECCCERACCTOTOETACOPACOCTTCE R GELD FE GO 132
T FrEeTGACFACLRLTCERCOECTCCOCOCERACCTOTOC TACCACDCTTCE R EL GO 132
T EEETGEEG&EEETEEEEETEEEEEAEETETEETEEG&ETTEEGEEEL’rE129
T TG ACDGCADLLGTT r rrercCcCCACCETETERTACRCGCACTTEGLRE GO GE 129
BoMnSOD-Fw-0
rice-l TEHGEAGCCEFGECCATCTLE Lk rAFATCAT OO TRO)ACCACCARAALRCALC AL CACDCETACGETE RO A A 197
rice-} TLHLEAGCCGGCCATCTE LA ATCAT OGO TGO|ACCACCAGAALGCALC AL GO CACCETACGTC RO A A 197
wheat-1 THCAGCCGCGCCCQATETTL CLCAATCAT OGO TGO|jACCACDAGAALGDADDADGCD DA DTACGCTE DA 179
wheat-¢f TEFAGCOCOGCGECCQATCETCL F A AT AT G ETGEROJACEACCDAGAAGRD AR CACDGCODADCTIACGETORCOE AR 137
wheat-2 TE A GCCFCCCQPTCTL CrrAFATCAT O CEETROJACCACCARAALRCALC AL COCACDCETACGETE RO A& 197
com=1 TEEAGCC G ATCTCE R EELEFACATO AT RO R CCTECJACCACCAGRAAGLCALC AL LRCCACCTAC GTC Pl 2 4 in2
corn-§ TEEAEEEGEEATETEEEEEEA.EATEATGEEEETEEA.EEAEEA.GAAEE&EEAEEEE&EETAEETEEEA.‘AEB?
cern-* TLHERAGCOEGRGEECEATETIGCLEEGGRAGATEATROGE TR ROjACE AR CAGRAAGRD AR AR AR TIACGTCE LAl 248 i02
com-¢ T F F & CCFrECCATCETCE O AGRATCAT LD rCRAT R C|AT T CrCa AALCACTCACLECOCACCETACGETE RO A& 09
comm=5 T &k k& CCFrECCATCTCE kLA GRATCAT D cCRYT R CjA T CrCA AaALCACCACLECCATLCT ACGETCECLCAA (04
rice-1 T L AL G ALTTLETARARAGAA AT CAQTLC AGRARAGGET O T TTTACCAAGLATI TR AT LLEGLETGT R TaGrDT 477
rice-¥ T L AL G A.ETTETAAAE&A.EATEA.TEE.%GAAEETEETEETTTAE&A.EEATEEEEATGEETETEE TALRLDT 477
wheat-1 T [ & [ ALTT TAAAGAAGATGRAATLCD AG2A GETE_ETTTAE&&EEATETEEATGEETETEE TALRLDT 456
wheat-¢ T L & [ ALTT TAAAGAAGATGRAATELLD AL EETLHITGEETTTACLAAGRGRATIETELRATLRLERETGET R TALRLDT 477
wheat-2 T ¢ & ACLTT T2A2GCAaAAGFATGHARATGETLD &2 6FA T TGO TTTACA2AGCGEATETELRATGEGEETGET G & TakCT 477
corm-1 T A GGCLACLTTGLETRAARAGCAQRFAT RAATLELE A20FAR00H FCTGEECTTTACAAGRGATCOTLEEATGELRETGTGEGETTATGLET 460
corm-§ TEALGGCLALITTGLETRAARAGCAQRAFAT RAATLECE A20FARA0T0H FCTEECTTTACAAGRGATCOTEEAT ERETGTGEGETTAGLET 462
corm-3 TEALGGLALITTGLETRAARAGCAQRPrAaTRAAT L 2FA2800H FCTGECETTTACAAGRGATCOTEEATGERETGT EGETTATGLET 462
corm-¢4 T FAGGCLACLTTGLETRAARAGCAAGRAT RAATECE 2A2FAR0T0H GETEETTTEE&&GETETGEATGGETGTGGTT&GETQSS
corm-5 TFEALGRGCLALITTGETRAARAGAAGRAT RAAT LD 2A20FAR0T0H FCTGECTTTACAAGGEERT I TLEEAT EEETGTEGETTATGLET 469
rice-l TTLHEATARAAGALGREDREALA & GCTTTECAGCTLEGA &AT ACTGELTAA Canha CCTCTEREGET A CQla: ARG ¢ L 547
rice-¢ TTLERLRATAAALALGRLLAR:A & EETTTEBGTEB&&EEBETGETBBEEAEE& EETETGETE&EABEG L 547
wheat-l TTEEATAAALALRLETD A& A CCTTTCAGTTLRAAALTATLCT CTAATCLALTDLA CCTCTRRC T ACLMA & & SE6
wheat-f TTEEATAAALALRLETD A& AA CCTTTCAGTTLRAAALTACLT CTAATCLALTDGA CCTCTRYr T A CEEA S A 547
wheat=? TTEEATAARAGALRETL AAAAAGCOTTTCLAGTTRAAZACTALT CTAATCALRDA CCTCTRYrTACPRA 228 0 547
corm-1 TTEEATE&AEEGEEAAEB.AAEETTTEAETTEAEEETAE FCLTAATCLALGGATCICTCTLELETRALTARAAGLETHL 550
corn-§ TTEEATA.AAE&GEEAA&A.AAETTTEAETTEA&A.ETAE FLTAATCLALGGATICITCO TG ETRALDTARAGTLETHL G52
corn-2 TTEEATA.AAL'réfrntAA.%A.AAEETTTEAETTEA&A.ETAE FCTAATCLALGGATICITCOTEETRALDTARAAGLETHL G52
corn-4 TTEEATA.AAE&GEEAA&A.AAETTTEAETTEA&&EEAE FrITAATCLAGGATIITEOTGEETRADTARLAGLETHE 559
- I3
corm-5 TTLHEATAAAGALRLELD 2322002070 TTTCLAGTTELEAAATL act GETAATEAEE&TEETEéém%ébb{ﬁ\?_ﬁlﬁGTE 5519
TTLEETTCTL TETTLELR & ATTGHATGETC TR GRAGCDATGEGTACDCTIAC TGO AGTALAAGRAAZTG G TREE G| 6LT
TTLEETTCCL TETTLELR & ATTGHATGETC TR GRAGCDATGEGTALDTIAC T AGTARLAAGRAAZTU G TELEE Gf 6LT
T |4 TCLo TETTLELR & ATTGHATGETCE TR RAGCATGEGTACTIAC T AGTALAATNRAGRLR G THla G| 516
T |4 TCL TETTLELR & ATTGHATGETCE TR GRAGCATGCEGTACTIACETEDAGTARLAATNLRAGRLR T2 Gf 6L7
T & o TCLo TETTLELR & ATTGHATGETCE TR RAGCATGCEGTACTIAC T AGTARLARMTNLERAGR - THda Gf 6L7
TTLEETTCCL TETTLEGEGEFATTGEATGETCO T RAGE AT DG TACTIAC O TE L AGTALL2AAGFAATGETTATGLG|EI0
TTEETTCC TGTTEEEG&TTE&TGTETGEEBHE&TEEET.‘.ETBEETGEBGTAEB&G&AIETTAE523
TTEFETTCC TGkTTELG G rATTATEFTCO T FACCAT RO G TACOCTACC TR L AGTACAAGRAATLETTA |62
TTEFETTCTC TETTEEEGBTTEBTETETEEEBEE&TEEET&ETBEETEEBETAEBBEBATETTAE519
TTEETTCTC TGETTEDRGEE T AT TErEEA CATETL TALT|ACL TELAGTALRZALLFAATLETTALNRE G
BoMnSOD-Rv:g <
& TaCCTFk CaalaT TR hAaAGLRTRATRAALTLRAAAT A Fr CCAr A T CERYC T AAAAT BET
A TACCTTHE CAAlATCITLELrAAGLETRAT FAALCTRAJARATA Fr CrlAr AT FTALRAARSR r BET
a TACLCTHG CaAlATCITLELRAAGLETTG TLHAALTGCGRRARAATATLHITLRATLRE 7 FTAPMG 2 222 (133
AMTACCT LAl AT TR CRAAGETRRRAT R AL LT RAJAATATETCL AR G GTBG&HAB (13
& TACCTTH CAaAlATCITLERAAGRERT R TrAaALITLErAAATATLETL k& lFa r FTaApYr & ada [ X
ATTACCTT CaAal AT T AAGETHAT AR L T RAARATAT I T RAGAGGTLETACGAAAAT LT T 690
ATTACCT CAArl AT T ARG TRAT AR T RAARATAT O T RAGAGGTETAD RAAALAAT LT T B92
ATTACCTI CAaAl AT LT raAGFTRAT FAA LT RAAATAT I T RAGRAGGTETAC RAAAAT LT T 693
ATTACCTTI CAAl AT T ARG TRAT AR LT RAARATAT LT RAGAGGTRTAC RAAAATLETT 699
ATTACCTI oA LATCOTLHLAAGLET AT GRARA L TLRAARATAT I T RAGAGGTLETAC RAAAATLTT 699

=
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Fig. 1 Complementary DNA alignment of the mitochondrial superoxide dismutase from
monocots.

Rice, 1 and 2 (L34038, L34039); wheat, 1 to 3 (AF092524, U73172, and U72212); corn, 1 to 5
(L19461, L19462, 119463, M33119, and X12540). The conserved regions were boxed and used to
design the degenerate gene-specific primers, BoMnSOD-Fw-0, BoMnSOD-Rv-0, and
BoMnSOD-Rv-1, were underlined for amplification of a partial BOMnSOD cDNA.
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AAGCAGT GGT AT CAACGCAGAGTACGCGGGEACAACACACGTTCT CACGT GCAG
AAGCAGT GET AT CAACGCAGAGTACGLGOGE- - - - - - - - - v oo r e e e o

---------------------------------------------------------------------------------------------- BoMnSﬁOD—F\N-q--------------

1k 1l 13 180 1t 1in 180 2fn 2lo 2l [] 2in

GECGAGGGEAGT GGCGACGTTCACGCTCCCT GACCT CCCGTACGACT ACGGCGEGCT GOAGCCGGCCAT CTCCGGCGAGAT CAT GCGCCT GCACCACCAGAAG-CACCACGCGACa ACGTCGCCAAL
GGCGAGGEGAGT GECGACGT TCACGCTCCCTGACCT CCCGTACGACTACGGCGCGCT GRAGCCGGCCATCT CCGECGAGAT CATGCGCCT GLACCACCAGAAGCAT CACGLGACCT ACGT CGCCAAL

[Ee———
..................................................................... ABAGCGCCAT CAAGTT CAACGGOGECGEET CATGT CAACCACT CAAT CTTCT GAAGA
aln 2t atn ko 2o =1 =1n ko zln LT} =ln =in ko

TACAACAAGGCGET COABCAGLT T GACGLCGLCGT CT CCAABGGT BACGLBCCCECCAT AGT CCAGLC JCAGAGLGLCAT CAAGT T CAACGEUGECGET CAT GECAALCACT CAAT CTTCT GOAAGA

TACAACAAGGCGET COABCAGLTT GACGCCGCOET CTCLAABEGT BACGEECCOECOAT AGTCCAGCT JUAGAGCGCOAT CAAGTT CAACGGIGECGGT CAT BT CAACCACT CAAT CTTCT GHAAGA

--------------------------------------------------------------------- AGBAGCGCCAT CAAGTT CAACGGIGGOGET CAT GT CAACCACT CAAT CTTCT GEAAGA,

--------------------------------------------------------------------- AGAGCECCAT CAAGTT CAACGGIGGOGET CAT GT CAACCACT CAAT CTTCT GHAAGA

..................................................................... AGAGCGCCAT CAAGTT CAACGGGGCGET CAT 6T CAACCACT CAAT CTTCT GEAAGA,
»

>

e EEEEEEEEE_ES_S_S_S_SSLSLL e _____________________—n————_—_———_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—__—_—__~_~,;
ATCTCAAGCCAAT CAGCGAGGOT GGTGGT GAGCCACCT CATGEGAAACT T GGCT GGG CCAT TGAT GAGGACTTT GGTTCTTTT GAGGCACTT GT AAGGAAGAT GAAT GCAGAGGGT GCTGCTTTACA
LT 4l o Wl +In o ufn i) 3T ko ufn sk

ATCT CAAGCCAAT CAGCGAGGGT GGT GGT GAGCCACCT CATGEGAMACTT GGCT GGGCCATTGAT GAGGACTTTGGTTCTTTT GAGGCACT T GT AAGGAAGAT GAAT GCAGAGGGT GCTGLTTTACA
ATCTCAAGCCAAT CAGCGAGGGT 66T GGT GAGCCACCT CATGOGAAACTT GGCT GOGCCATT GAT GAGGACTTTGGTTETTTT GAGGCACT T GT AAGGAAGAT GAAT GCAGAGGGT GCTGCTTTACA
ATCTCAAGCCAAT CAGCGAGGGT GGT GGT GAGCCACCT CATGOGAMACTT GGCT GEGCCAT TGAT GAGGACTTTGGTTCTTTT GAGGCACT T GT AAGGAAGAT GAAT GCAGAGGGT GCTGCTTTACA
ATCTCAAGCCAAT CAGCGAGGCT GGT GGT GAGCCACCT CATGEGAAACTT GGCT GGGCCATTGAT GAGGACTTTGGTTETTTT GAGGCACT T GT AAGGAAGAT GAAT GCAGAGGGT GCTGCTTTACA
ATCTCAAGCCAAT CAGCGAGGGT GGT GGT GAGCCACCT CATGEGAAACTT GGCT GEGCCATT GAT GAGGACTTTGGTTCTTTT GAGGCACTT GT AAGGAAGAT GAAT GCAGAGGGT GLTGCTTTACA

Al
slo sl sk sin skn 1) st sko EIT] [11] sln 31 ko

AGGATCTGGAT GGGT GT GGCT AGCT CT GGAT AAAGAGGCAAMAAMAT CTTT CAGTT GAAACCACT GCT AAT CAGGACCCTCT GGT GACT AAAGGGGECAAACTTGGTTCCTTTGTT GGGGATTGATGTC
AGGATCTGGAT GGGT GT GGCT AGCT CT GOAT AAAGAGGCAAAAAAT CTTT CAGTT GAAACCACT GCT AAT CAGGACCCTCT GGT GACT AAAGGGGCAAACTTGOTTCCTTTGTT GGGGATTGATGTC
AGGATCT GGAT GGGT GT GGCT AGCT CT GGAT AAAGAGG CAAMAAAT CTTT CAGTT GAAACCACT GET AAT CAGGACCCTCT GGT GACT AAAGGGGECAAACT TGGTTCCTTTGTT GGGGAT TGAT GTC
AGGATCTGGAT GGGT GT GGCT AGCT CT GGAT AAAGAGGCAAAAAAT CTTT CAGTT GAAACCACT GCT AAT CAGGACCCTCT GGT GACT AAAGGGGCAAACTTGGTTCCTTTGTT GGGGATTGATGTC
AGBATCTGEAT GEGT GT GGCT AGCT CT GGAT AAAGAGGCAAAAAAT CTTT CAGTT GAAACCACT GCTAAT CAGGACCCTCTGGT GACT ARAGEGGECAAACTTGOTTCCTTTGTT GGGGATTGATGTC

BoMnSOD-Rv-1

[ e —
TGEGAGCAT GCTTACTACCT GCAGT ACAAGAAT GT CAGGCEAGACT ATTT GAAT AACAT CT GGAAGGT GAT GAACT GEAAAT ACACCEEAGAGGT GTACGAAAAT GT GGCT GCAT GATTTXT CT GAA
sln skn ko 5% st FIT] 1T 21 23 ko +ln ELT) ko

TGGGAGCATGCTTACTACCT GCAGT ACAAGAACGT CAGGT ’
TGGGAGCATGCTTACTACCT GCAGT ACAAGAACGT CAGGT BOMnSOD'RV'O BOMSD'3 '1

TGGGAGCATGCTTACTACCT GCAGT ACAAGAAT GTCAGGLEAGACT ATTT GAAT AACAT CT GEAAGGT GAT GAACT GGAAAT ACACCGGAGAGGT GT ACGAAAAT GT GGCTGCATGAT TTGTCT GAA

TGEGAGCAT GCTTACTACCTGCAGT ACAAGAAT GT CAGGCEAGACT ATTT GAAT AACAT CT GGAAGGT GAT GAACT GEAMAT ACACCGEAGAGGT GT ACGAAAAT GT GGCT GCATGATTTTCT GAA

TGGGAGCATGCTTACT :i CTGCAGT ACAAGAAT GTCAGGCEAGACTATTT GAAT AACAT CT GEAAGGT GAT GAALCT GEAAAT ACACCGGAGAGGST GTACGAAMAT GT GGCT GCAT GATTT 6T CT GAA
<

[] E B I e l Emn 7
TAGGCCAT GLTCATCTGCTTGTTGGT TTTCCACT G CT GGAT CTTCGTAT GLAAT X AAAKTT GG- CCTATTCCH CT GXOAK AU ARK U AR ARSI UOONNU0OOUONONONONON T
2% ko LT FIT] o I ko zln zin 1T st =k z

’
BoMSD-3'-0

TAGGCCAT GCTCATCTGCTTGTTGGTTTTCCACT GTCT GGAT CTTCGT AT GCAAT GAAAATT GG- CCTATTCCACT GTTGGACCGAT GT GTAAT GCACAATGCCTTTCGATTTTGTT GTCGCCCT GC

TAGGCCAT GCTCATCTGCTTGTTGGTTTTCCACT GTCT GGAT CTTCGT AT GCAAT AAAAATT GG- CCTATTCCACT GALC, TACTCTGCGTT GATACC

TAGGCCATGCTCATCTGCTTGTTGGTTTTC%CTGCCTGGATCTTCGTATGCAATAAAAV TTGG- CCTATTCCGCT GCGT TACTCTGCGTT GATAL

]
OO R R R B B WD R R R R R 00000
zin o alo ) sfn aln 1

TTGCCAL. TACTCTGCGTT GATACCACTGCTT
ACTGCTT
CACTGCTT

Fig. 2 The full-length BoMnSOD cDNAs composed by 5’- and 3’-RACE.

The full-length BoMnSOD cDNAs were composed according to the sequences of 5’-RACE and
3’-RACE. The primers used for RACE or PCR were indicated by long arrows. The
BoMnSOD-Fw-0 and BoMnSOD-Fw-1 primers used for 3’-RACE. The BoMnSOD-Rv-0 and
BoMnSOD-Rv-1 primers used for 5’-RACE. The primers, BoMSD-5’, MSD-3’-1, and BoMSD-3’-0

were used for amplification of BOMnSOD cDNAs.
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Fig. 3 The nucleotide and amino acid sequences alignment of BoMnSOD.
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(A)

EolwZrdd 2 A2TEFTERAALGGCTFTT O TEFRT GO TTACTAGDALGT AT TR AAGGE LA AT TTTTT L AC O CAAGAGAGAGATEERTO D RADCACLCDLETC R 90
EoluZndD ¢4 ATLHLCTLHAALGGECETLHTTLO TR T O TTACLTALGCZAGTRALGGLETLR T 2L A AT TTTTTE AL CAAGAGAGAGAT R LRTEE FACDCACLEETLER 40
Botuzhsm:llﬁPLT|.'rE-TE-PLPL|.'r|.'rETE-TTE-ETl.'rTL'rETTPLETPLE-E&ETE&EEETETE&&EEEEHEE&TETTTTTEP&EEE&BE&E&E&E&TEETEE AELCACCLET R 90
EoluwZrdD ¢ 2Tk TEAALGGCTFTT O T TG ETTACTAGCALGT AT T AAGELR DA AT TTTTTE A D DAAGAGALGARATLLETCETCL ECACCETRG 30
EoluZrdD 2 AC0 Lk GF2AR FTCTCTGRFACDTC 2AGC ARG TCOLATLHGLRTTCE AT T RO A GG TTLR R TRACD A P ALCTAAT RO TR AT T EAACDT LGS 180
EoluZrnilD ¢ A2 C kG 2AL ETETETEE&ETE&EEEEPLE-E-E-ETEEPLTE-E-E-TTEEETETEEEEEEEETTEETEEEPAE&ET&&TEEETEEPATETE&&ETEE&130
EoluZni0D 1fF AL G CAAGCTETCO T TLRRALL T AALCO AL T AT ETTEO L AT ETLD A TTELETLRADAC DAL TAATLEEOTLEDATET EAALDTRGLGA 150
EoluwZrdD ¢ 2L F kA AGCTETCOTC TR AT AAGEDALGGELFO T AT ETT OO AT TR DAL TT T RACDA DA TAAT L OT RO AT ERT L AADT RGA 160
EoluZnioD 2 CCLLCACTTTAATCCITLHLOTELTAALGGAGD ATELLEED ADCALAALAT EATLSGA FCLCOCATGEE T TLRATCETTLRRARAACLETRACCALELDRALRLE A 270
EoluZndlD ¢ EEEE&ETTT&&TEETEETEET&EEE&EE&TEEEEE&EEEEP&&E&TEPAEA&EE|.'r|:E&TEETEETE&TETTEE&&&EE-TE-PAEHE-EErrl.'rﬁrrta ]
EoluwZrndD 16 CCECACTTTAATCC T T ETRARAGRAGEAT LD AL A2 20CATRAGRAALC L AT TR ETRATE TTERALAALDLTRADALEDED FREREAELGDA ETD
EoluZndD £ C LG CACTTTAATCCLTLIOTERGETAALGGARCDAT LG A AGAALGATRALLAALD D GO AT TR TRAT O TTLRRAAALCLRT AR ALGEDLALREDA 270
EolwZrndd 2 kATELETGETTGHCTAATLTC A2ATLETTEHRCO O RACALGC D AAT OO OO CTTACC TR RALC A AT AATEATTROER D RAGETETTERETTERT ECDAT GET 260
EafluZrndiD ¢4 AT LT ETTECLTAATLT L AATLETTLRYr A CAGC D ALAT OO OO TTALC T AR AL AYTIEAA T ATTLE OO EALGDTETTLRTTLT EDATGERTELT 260
EoluwZrndD 16 k2T TETTHCTAATLFTC 2ATEFETTECO D RACALGC D AAT OO OO TTACC T RAC A AT AATEAT TGO D RAGETETTERETTET ECDAT GET 260
EoluwZrdD ¢ ¢k 2T TETTHCTAATLFTC A2ATEFTTECO O RACALGC D AAT OO OO TTACC TR RALC A AT AATEATTRER D RAGETETTERETTERT ECDAT GET 260
EoluwZrndD 2 FATCICTGHATGHACCTTLRLECD 2220k Tk RACATHALGETTALRD 22 AR AAARLGET T RERAD TR TTEETTLR TR AT EATT  RGRELDTLE 450
EoluZndlD ¢ E&TEETEP&TEP&ETT|.'r|}EPLPLPLE-E-TE-E-PLE&TE&EETT&EE&&E&EE&EE-E-PLPLPLEEETEETEEP&EE-TETTEETTETEEEPATEP&TTEEEETE 4510
Eolu2ngoD 16 r AT CTLRATLHRACCTTLOERD AAAGRLRTRRACLAT AL TTALGRLDAARALRCALCCO R AAALDLGET LR TR RACLTLRTTRETTE TR RAT LATT RGRRETTEL 250
EoluZrdD ¢ kA TCCTGHATGHRACCTTLRLECD 22200k TERACAT AL TTALRD 22 AR AR FRAAARLGET T READ TR TTEETTLRTRR AT EATT  RGEELDTLE 450
Eolu2rndiD 2 CALLCLGTTAL 451
EoluZrdlD ¢ [ &G FGETTATL 459
EoluZrdD 16 L 2k G TTAL 459
Eolu2ndlD &8 C AL GETTALR 451
(B) 45 47 62 70 82

EoluZrnidD 2@ MV KAVAVLTISELRYWKELCTITPFPFTQERDGCPTT VTS WS PLEKEPLCLHGCEFHWHRLECDTTIRGCCIMSTEF FRFA&LFKE FrA2FEDENRE DL CRYTALRA S0
EcluZnilD ¢ HUKPAU&ULTESEEUKETIFFTQERDEPTT?TEEUSE-LKPELHEFHUH&LED“THEEHETEP FHFP & FKE r2PEDENE HDIL W TALRA 0
Botuz:nsm:llﬁHvKﬁvﬁvLTsSEEUKEEIPFTQERDEPTT‘?TESUSELKPELHEFH“H&LEDTTHEEHSTEP T RF &L KE FrA2FEDENRE DL CRAYTALRA S0
Botuzhsm:liﬁHvxﬁﬂ'&ﬂ'LTs3EEHKETIFFTQERDEPET'L?TESUSELKPELHEFH?H&LEDTTHEEHSTEP FHFP & FKE r2PEDENE HDIL W TALRA 0
EoluZrdlD 2 DLEVANVHVADIQIPLTLERPHIIIGRAWYVHADPDDLLO K FHELIKITFHRALGCGRYALLGIIGL QL 158
Eofu2n3oD 4 DEUEH“HUHDSQIPLTEPESIIER&UUU A DPDDLLOKGCLHELIKSITLFHAGCLCERALCLRIILGLOQ L 15%
EoluZrdD 16 DEVANRNVHVADIQIPLTLFPHIIIGCRAYWYVHADPDDLLGO K FHELIKITFHRALCGRYALLGIIGL QR 158
EoluZndlD #8 DEWAHNWYHRADIQIPLTEPHIEIILERAWWW A D PDDLLGKGCFHELI KIS TEFRAGCLEERALDLRIILGL QK 153
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Fig. 4 The nucleotide and amino acid sequences alignment of BoCuzZnSOD.
(A) Four full-length open reading frames and (B) deduced amino acid sequences of the four BoCuZnSOD, the CuZnSOD signature 1 was boxed
by black line, the CuZnSOD signature 2 was boxed by blue line. The residues for metal binding were boxed by green line as seen in His-45,

His-47, and His-119 for copper ion binding; in His-70, His-79, and His-82 were for zinc ion binding; the His-62 was for both copper and zinc

ion binding.
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Fig. 5 Purification and Characterization of the recombinant BoCuzZnSOD 3 and
BoMnSOD 11.

(A) 1 pg recombinant protein were separated on a 10% SDS-PAGE and stained with
Coomassie brilliant blue. (B) Western blot analysis. 2.5 pg recombinant protein was
separated on 10% SDS-PAGE then probed with anti-GST antibodies. (C) 4 png
recombinant protein was separated on 10% native PAGE and followed by SOD
activity stain. (D) Western blot analysis. 2.5 ug recombinant protein was separated on
10% native PAGE, probed with anti-GST antibodies. Lane 1, GST-BoCuZnSOD?3;
lane 2, GST-BoMnSOD11.
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Fig. 6 Inhibition of the SOD activity of green bamboo endogenous SODs and the
GST recombinant BoCuzZnSOD and BoMnSOD.
(A) 60 pg crude extract of bamboo leaves was separated on 10% native PAGE and

followed by the SOD activity assay. Lane 1, without inhibitor as control; lane 2, with
8 mM KCN inhibitor; lane 3, with 8 mM H,O; inhibitor. (B) 4 pg recombinant protein
was separated on 10% native PAGE and followed by SOD activity stain. Lanes 1 to 2,
no inhibition as the control; lanes 3 to 4, with 8 mM KCN inhibitor; lanes 5 to 6, 8
mM H,0, inhibitor. Lanes 1, 3, and 5 are GST-BoCuZnSOD3, lanes 2, 4, and 6: are
GST-BoMnSODI11.
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Fig. 7 The effect of pH and temperature on the recombinant BoCuzZnSOD and
BoMnSOD.

4 ng of GST-CuZnSOD3 and GST-MnSODI11 were treated with various pH buffer (A
and B) at 37°C for 1 h or were heated at various temperatures for 20 min (D and E),
samples were separated on 10% native PAGE and followed by SOD activity stain.
The GST-CuZnSOD3 and GST-MnSODI1 activity after treatments were quantitated

by a computing densitometer to calculate the remaining SOD activity (C and F).
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Fig. 8 The stability of recombinant BoCuZnSOD3 and BoMnSOD11 at room
temperature in different time interval.

50



Fig. 9 Southern blot analysis of green bamboo genomic DNA extracted from the

leaves.
Hybridization with a partial (A) BoMnSOD and (B) BoCuZnSOD cDNA fragments as

probes.
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Fig. 10 The SODs activity profiles of the green bamboo, rice, and Arabidopsis.
The crude extract of (A) the green bamboo leaves, (B) the rice leaves, and (C) the
Arabidopsis rosette (RL) and cauline leaves (CL). The SODs activities were indicated

in the right.
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Fig. 11 Different metal ions applied in green bamboo leaf crude protein extract.
60 ug of green bamboo leaf protein extract was used for each treatment: (A) Lane 1-5:
0, 0.05, 0.1, 0.15, 0.2 mM copper ion supplied. (B) Lane 1-5: 0, 0.05, 0.1, 0.15, 0.2

mM manganese ion supplied.
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Fig. 12 Urea treatment of green bamboo leaf crude protein extract.
40 pg green bamboo leaf crude extract was separated on 10% native PAGE and
followed by SOD activity stain. Lane 1, without treatment as control; lane 2, treated

with 8 M urea; lane 3, treated with 8 M urea and dialyzed against the urea.
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Table 1 Synthesized gene-specific primers for 5’- and 3’- RACE

Primers Sequence

BoMnSOD-Fw-0 | 5>-ACC ACC ARAAGM ACC ACG CCA CCT-3’

BoMnSOD-Fw-1 | 5’-CAG AGC GCC ATC AAG TTC AAC GGC-3’

BoMnSOD-Rv-0 | 5’-TCC AGT TCAYCA CCT TCC AGA TGT-3"

BoMnSOD-Rv-1 | 5-GCC TVA CRT TCT TGT ACT GCA GGT-3’

(Wobble code: R=A/G, Y =C/T, M=A/C, V =A/C/G)
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Table 2 Primers for the amplification of full-length MnSOD and CuZnSOD

cDNA open reading frames

. RE

Primers Sequence )
site

BoMSD-5’ 5’-TCT GGA TCC ATG GCG CTC CGC ACT TCG-3° BamHI
BoMSD -3’-0 5’-GCA TAC GAA GAT CCA GAC AGT-3’
BoMSD -3’-1 5’-AGA GAATTC TCATGC AGC CACATT TTC GTA-3° EcoRI
BoCZSD-5’ 5’-TCT GGA TCC ATG GTG AAG GCT GTT GCT GTG-3’ BamHI
BoCZSD -3° 5’-AGA GAA TTC CTA ACC CTG GAG CCC AAT GAT CC-3’ EcoRI

(RE site is underlined)
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Table 3 Primers used for TAIL-PCR

Primers

sequence

MnSOD-TP-Rv-0:

5'-TACGGGAGGTCAGGGAGCGTGAAC-3'

MnSOD-TP-Rv-1:

5'-CGAGCGCCAGGGCTAGGGTTT-3'

MnSOD-TP-Rv-2:

5"TAGGGTTTTCCTCGAGGCCGAAGT-3'

CuZnSOD-TP-Rv-0:

5'-GAGACTCGCAGCATGCAGTGGAA-3'

CuZnSOD-TP-Rv-1:

5'-GGGTGAAAAAGATGGTGCCCTTGA-3'

CuZnSOD-TP-Rv-2:

5'-TAAGCACAGCAACAGCCTTCACCA-3'
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Table 4 Primers used for amplification of promoter regions of BoCuZnSOD
and BoMnSOD

Primers Sequence RE site
CZSD-PC-Fw: | 5'-TCTCCCGGGTTTCGATTCGACTCCGTTTA-3' Smal
CZSD-PC-Rv: | 5'-TCTAAGCTTTGTCTATGTGATCTGCAATC-3' HindIII
MSD-PC-Fw: | 5'-TCTCCCGGGCGAGGGGCTAT-3' Smal
MSD-PC-Rv: | 5-TCTAAGCTTGGCTGCACGTGAGAACGT-3' HindIII

(RE site is underlined)
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Inhibition of SODs analysis

Inhibitors
SODs
KCN H,0;
CuzZnSOD sensitive sensitive
FeSOD insensitive sensitive
MnSOD insensitive insensitive
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Table 6 Comparison of biochemical characterization of GST-BoCuzZnSOD and other CuZnSODs from different species.

CuZnSODs from Native form pl Heat (> 70°C) pH effect H,0, inhibition
different species
GST-BoCuZnSOD - 6.22 Unstable (less than Unstable at acidic pH Less sensitive
(prediction) 10% at 60°C, 20 min)
Rice GST-CuZnSOD Dimmer 5.2-5.6 Unstable Unstable at acidic pH Less sensitive
Rice CuZnSOD Dimmer 5.0 Stable - Sensitive
(cytosolic)
Rice CuZnSOD Dimmer 53 Stable - Sensitive
(chloroplastic)
Sweet potato CuZnSOD  Monomer and dimmer - Dimer dissociated to Dimer dissociated to Sensitive
monomer monomer at acidic pH
Watermelon CuZnSOD - 4.0 Remained 50% at - Sensitive
(peroxisomal) 70°C, 15 min (>2.5 mM)
Cassava CuZnSOD - 5.22 - - -
(cytosolic) (prediction)
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Table 7 Comparison of biochemical characterization of GST-BoMnSOD and other MnSODs from different species.

MnSODs from Native form pl Heat (> 70°C) pH effect H,0; inhibition
different species
GST-BoMnSOD - 6.77 (prediction) Unstable (less than Stable at pH > 7 Insensitive
10% at 60°C, 20 min)
Rice GST-MnSOD Dimmer 4.64 Unstable (less than ~ More stable at alkaline Insensitive
30% at 60°C, 20 min) pH
Norway spruce Tetramer 5.5 - Specific activity was -
MnSOD strongly pH dependent
Pine MnSOD Tetramer 6.5 - - -
(mitochondrial)
Carnation MnSOD - 4.85 - - -
Pea MnSOD - - Unstable - -
Yeast MnSOD Tetramer - - Unstable at pH > 7.8 -
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Table 8 Cis-elements of BoCuzZnSOD promoter region (by PlantCARE prediction). The

promoter region was 543 bp long upstream of the start codon.

Box Function

TATA-box core promoter element around -30 of transcription start

AT 1-motif part of a light responsive module

GATA-motif part of a light responsive element

chs-CMAla part of a light responsive element

I-box part of a light responsive element

AE-box part of a module for light response

G-Box cis-acting regulatory element involved in light responsiveness
WUN-motif wound-responsive element

EIRE elicitor-responsive element

P-box gibberellin-responsive element

HSE cis-acting element involved in heat stress responsiveness
CAAT-box common cis-acting element in promoter and enhancer regions
Skn-1_motif cis-acting regulatory element required for endosperm expression
RY-element cis-acting regulatory element involved in seed-specific regulation
Box 1

Box 1II

GC-repeat

TATCCAT _C-motif

TC-rich_repeats

GA-motif
ATC-motif
ATCT-motif
TCA-element
CEl

E2Fb

above elements were conserve in BoMnSOD promoter region
part of a light responsive element

part of a conserved DNA module involved in light responsiveness
part of a conserved DNA module involved in light responsiveness
cis-acting element involved in salicylic acid responsiveness

cis-acting element associated to ABRE, involved in ABA responsiveness




Table 9 Cis-elements of BoMnSOD promoter region (by PlantCARE prediction). The

promoter region was 1678 bp long upstream of the start codon.

Box Function

TATA-box core promoter element around -30 of transcription start

AT 1-motif part of a light responsive module

GATA-motif part of a light responsive element

chs-CMAla part of a light responsive element

I-box part of a light responsive element

AE-box part of a module for light response

G-Box cis-acting regulatory element involved in light responsiveness
WUN-motif wound-responsive element

EIRE elicitor-responsive element

P-box gibberellin-responsive element

HSE cis-acting element involved in heat stress responsiveness
CAAT-box common cis-acting element in promoter and enhancer regions
Skn-1_motif cis-acting regulatory element required for endosperm expression
RY-element cis-acting regulatory element involved in seed-specific regulation
Box I

Box 11

GC-repeat

TATCCAT C-motif

TC-rich repeats

ACE
CATT-motif
CG-motif
GAG-motif
GTI1-motif
L-box
LAMP-element
MRE

Spl
TCCC-motif
TGG-motif
rbcS-CMAT7a
ABRE
AuxRR-core
TGA-box

above elements were conserve In BoCuZnSOD promoter region
cis-acting element involved in light responsiveness

part of a light responsive element

cis-acting regulatory element involved in light responsiveness
part of a light responsive element

light responsive element

part of a light responsive element

part of a light responsive element

MYB binding site involved in light responsiveness

light responsive element

part of a light responsive element

part of a light responsive element

part of a light responsive element

cis-acting element involved in the abscisic acid responsiveness
cis-acting regulatory elemens involved in auxin responsiveness

part of an auxin-responsive element




ERE
CGTCA-motif
TGACG-motif
TATC-box

asl

GCN4 motif
GC-motif
02-site

MBS
Prolamin_box
A-box
Box-W1

3-AF1 binding site
ATGCAAAT motif

C-repeat DRE
Plant AP-2-like
E2Fa

ethylene-responsive element

cis-acting regulatory element involved in the MeJA-responsiveness
cis-acting regulatory element involved in the MeJA-responsiveness
cis-acting element involved in gibberellin-responsiveness

cis-acting regulatory element involved in the root-specific expression
cis-regulatory element involved in endosperm expression
enhancer-like element involved in anoxic specific inducibility
cis-acting regulatory element involved in zein metabolism regulation
MYB Binding Site

cis-acting regulatory element associated with GCN4

sequence conserved in alpha-amylase promoters

fungal elicitor responsive element




