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Cogon grass [Imperata cylindrica L. Beauv. var. major] is the only one species of Imperata, and one of the medicinal
plants in Taiwan. The rhizome can be used for medicinal purposes. In the field alcohol dehydrogenase (ADH)
activity, proline and sodium content in tissues of Imperata showed variation between wetland (Chuwei population)
and the other two representative non-wetland ecotypes (Neihu and Sarlun populations) . Chuwei ecotype is known
tolerant to flood and salt shown in a flood and salt treatment experiment in previous study. A mass spectrometry
(MS)-based proteomic analysis identified a fast moving 2-phospho-D-glycerate hydrolase (enolase) isoform only in
the wetland ecotype on a native-polyacrylamide gel electrophoresis, whereas a slow moving enolase isoform was
identified only in the non-wetland ecotypes. In addition, a mitochondrial malate dehydrogenase and a chloroplast
ferredoxin-NADP(H) oxidoreductase were identified only in the wetland ecotype. These proteomic results provide
additional evidence of the ecotypic variation among Imperata cylindrica ecotypes. The potential use of this novel

approach to identify protein markers is discussed in the study.
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NADP(H) oxidoreductase.

INTRODUCTION

In Taiwan Imperata cylindrica (L.) Beauv. var. major
(Nees) Hubb., a top-ten weed (Holm et al., 1977), is
widely distributed (Hsu, 1975). This weed particularly can
be found in Chuwei mangrove forest in the estuary area
located at the river mouth of Tamshui River in north
Taiwan. I. cylindrica is a well known medicinal plant (Hsu,
1975). Secondary metabolites have been isolated and
identified from the rhizome of I. cylindrica (Ohmoto et al.,
1965; Nishimoto et al., 1965; Matsunaga et al., 1994a;
Matsunaga et al., 1994b; Matsunaga et al., 1994c;
Matsunaga et al, 1995; Pinilla and Luu, 1999;
Sripanidkulchai et al., 2001; Yoon et al., 2006). These
secondary metabolites can have medicinal uses (Doan et
al.,, 1992; Matsunaga et al., 1994a; Matsunaga et al.,
1994b; Matsunaga et al., 1994c; Matsunaga et al., 1995;
Pinilla and Luu, 1999; Sripanidkulchai et al., 2001; Yoon
et al., 2006).

Morphological and molecular evidences have shown
variation among Imperata ecotypes. In 1997 Cheng and
Chou (1997a) utilized scanning electron microscope

(SEM) to examine the leaves of I. cylindrica of Chuwei
population. They found the stele was empty but not solid,
and the lower stem was surfaced with wax but not
trichomes. The phenotype of the Chuwei plant remained
unchanged after transplanting into greenhouse. In
addition, the polymorphism of Imperata populations on
the molecular level was investigated by use of
polymerase chain reaction(PCR) amplified-restriction
fragment length polymorphism (RFLP) of the intergenic
spacer (IGS) of ribosomal DNA (rDNA) (Chou and Tsai,
1999), and rapid amplify polymorphic DNA (RAPD)
(Cheng and Chou, 1997b). Based on these studies,
Chuwei population appeared to be a distinct ecotype.
Physiological and biochemical evidences also showed
variation among Imperata ecotypes, and the uniqueness
of Chuwei ecotype. In 2006 Chang and his co-workers
examined the polymorphism of salt and flooding stress
responses of I. cylindrica between wetland and non-
wetland ecotypes by use of ADH activity, proline and
sodium content as biochemical markers (Chang and



Chou, 2006). Both field and greenhouse studies of three
ecotypes showed that ADH activity, proline content in leaf
tissues, and sodium content in I. cylindrica tissues were
differentially up-regulated in Chuwei ecotype, which is
flood and salt tolerant (Chang and Chou, 2006).

Recently, mass spectrometry (MS) technique was
applied to identify protein markers (Aebersold and Mann,
2003), and single-nucleotide polymorphism (SNP) Aeber-
sold, 2003; Torjék et al., 2003). This novel approach
provides a chance to detect and identify varia- tion
among different ecotypes. In this study, a MS-based
proteomic analysis by use of liquid chromatography
tandem MS (LC-MS/MS) was performed and detected
polymorphism of two different enolase isoforms in wet-
land and non-wetland ecotypes. Besides, a mitochondrial
malate dehydrogenase and a chloroplast ferredoxin -
NADP(H) oxidoreductase were identified as a
polymorphism asso-ciated to wetland ecotype only, which
is flood and salt tolerant. Our findings supported the
previous discovery of the variation among ecotypes
(Cheng and Chou, 1997a), and confirmed that Chuwei
ecotype is physiologically dis-tinct. These findings may
help us understand more of biodiversity of I. cylindrica.

MATERIAL AND METHODS
Sampling sites and plant materials

I. cylindrica (L.) Beauv. var. major (Nees) Hubb, Cogon grass, was
sampled from Chuwei mangrove salt-marsh wetland site (Hwang
and Chen, 1995). This area is periodically flooded by sea water.
The other two sites, Sarlun (sandy beach) and Neihu (inland-park),
are control sites with no flooding (non- wetland sites). Every two
weeks plant leaves were harvested from each site in 2004. During
the harvesting, each leaf sample was excised by sterilized scissors
and stored in zip-block in ice bucket with dry ice to keep it fresh and
brought back to lab immediately before use.

Protein purification and
electrophoresis

native-polyacrylamide gel

One gram of fresh leaf tissues was chopped into pieces and frozen
in liquid nitrogen. Two ml extraction buffer [0.1 M Tris- HCI, pH 8.0,
0.01 M beta-mercaptoethanol, 1 mM dithiothreitol, 0.02 mM phenyl-
methylsulfonyl fluoride (PMSF)(Sigma)] with 0.5 g sea sand was
added for grinding and homogenization. The homogenated sample
was centrifuged at 5380 g centrifuge (Sigma, Model 2K15) for 10
min. Supernatant was precipitated by addition of two volumes of
100% (v/v) acetone, incubated on ice for six hr, and centrifuged at
4°C for 15 min at 16000 g. The pellet was washed with 70% (v/v)
ethanol, air-dried and re-suspended in 40 | of loading buffer [LO mM
Tris (pH 6.8), 1% (v/v) beta-mercaptoethanol, 2.5% (v/v) glyce-rol,
1% (w/v) bromophenol blue]. Ten | of protein samples were loaded
into each well of the 12% native-polyacrylamide gel electro-phoresis
(PAGE) [12% (w/v) acrylamide, 0.4% (w/v) N’, N’-methylene-bis-
acrylamide, 0.28 M Tris (pH 8.8), 0.5% (w/v) ammonium persulfate
and 0.5% (v/v) TEMED], and electrophored at 100V for two hr. The
protein gels were stained by Coomassie blue R-250, and scanned
for image analysis. Experiment was conducted with three replicas.

In-gel digestion of proteins and mass spectrometry analysis

MS analysis of proteins was performed by the method as previously
described (Chang et al., 2005). Individual gel bands were excised
with a sterile scalpel, placed in an eppendorf tube, immersed in 400
ul destain solution [50% (v/v) acetonitrile (ACN), 0.025 M ammo-
nium bicarbonate, pH 8.0] followed by vortex for 15 min at room
temperature three times, and vortex in 100% (v/v) ACN for five min.
Gel slices were soaked in 60 pl trypsin solution (25 mM ammonium
bicarbonate, pH 8.0) containing 0.1 pg trypsin (Promega, Madison,
WI). In-gel digestion was performed for 16 h at 37°C, peptides were
eluted from the gel slice with 50% (v/v) ACN, 5% (v/v) trifluoroacetic
acid (TFA), and the eluate was dried in a vacuum. Digested
peptides were resuspended in 0.1% (v/v) TFA. Electro Spray
lonization (ESI)-MS/MS analysis was performed by use of the
Quadrupole Time-of- Flight (ESI Q- TOF) on a instrument
(Micromass, Manchester, UK) coupled with a capillary high
performance liquid chromatography HPLC)-(Agilent) (Mass Spec-
trometry Facility, Chemistry Department, University of California,
Riverside).

Database search for protein identification

After LC-MS/MS analysis, the mass values of y and b ions and their
associated precursor ions were obtained and implemented in a
peak list (pkl) file by use of ProteinLynx (Micromass, Manchester,
UK). Protein identification was performed using the Mascot
algorithm (Perkins et al o 1999;
http://www.matrixscience.com/cgi/index.pl?page=/) to  search
against the National Center for Biotechnology Information (NCBI)
protein database. The Mascot score with at least 25 was
considered as a match of proteins. The fragmentation profile was
manually inspected to make sure the right identification.

RESULTS AND DISCUSSION

Mass spectrometry detected polymorphism of
proteins among ecotypes

In order to detect polymorphism on protein level, a native-
polyacrylamide gel electrophoresis on proteins of three
ecotypes was performed. In the gel, two polymorphic bands a
(slow moving), and b (fast moving), were detected among
three ecotypes (Figure 1A) . All six individuals from each
ecotype showed the same pattern (data not shown). Band a
was detected in both Sarlun and Neihu ecotypes, whereas
band b was found only in Chuwei ecotype. In order to identify
proteins in bands a, and b, a MS analysis by use of LC-
MS/MS was performed. A peptide matched to an enolase of
fungus was both identified in a, and b (Table 1). Therefore,
we detect two enolase (GenBank accession # P84208)
isoforms in band a, and b (polymorphism). The tandem MS
(MS/MS) spectrum is shown in Figure 1B. Some other
peptides matched enolase orthologous of other organism
were identified in band b (Table 1). Besides, a mitochondrial
malate dehydrogenase (GenBank accession # P84209) and
a chloroplast ferredoxin-NADP(H) oxidoreductase (GenBank
accession # P84210) orthologous to other eukaryotes were
identified in band b but not band a (Table 1). Our result
showed the MS-based detection of
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Figure 1. Polymorphism of proteins in leaves of three ecotypes. (A) 1-2: Neihu ecotype; 3-4. Sarlun
ecotype; 5-6: Chuwei ecotype. Band a and band b are two polymorphic bands on a Native- PAGE. (B)
Tandem mass spectrometric profile of enolase peptide identified in both band a and band b. The mass
spectrometric profile of peptide was obtained by ESI Q-TOF LC-MS/MS analysis. The sequence of the
peptide with mass value 1772.9 as parental peak is SGETEDVTIADIVVGLR, which matched to a fungus
enolase. The y ions generated by collision induced dissociation (CID) analysis were shown in the spectrum.

polymorphism on enolase isoforms and identification of a
distinct eno-isoforms in Chuwei ecotype. We also showed
that a mitochondrial malate dehydrogenase and a chloro-
plast ferredoxin-NADP(H) oxidoreductase were identified
only in Chuwei ecotype.

Mass spectrometry identification of polymorphic
proteins associated with the Chuwei ecotype

Although Imperata genome is not completely sequenced,
the identification of orthologues from other organisms
allowed us to determine the identity of proteins in Impe-
rata. Enolase is highly conserved in eukaryotes (van der
Straeten et al., 1991). It catalyzes the late step of
glycolytic pathway, which converts 2-phosphoglycerate to
phosphoenolpyruvate. It was identified as one of the
anaerobic proteins in maize (Sachs et al.,, 1980). A
proteomic analysis showed that a maize enolase increase
protein synthesis under hypoxia condition (Chang et al.,

2000). Under low oxygen stress, tricarboxylic acid (TCA)
cycle is shut down but glycolytic pathway is still functional
to produce energy (Bray et al., 2000; Webster, 2003;
Drew, 1997). Plants generate 38 ATPs when oxygen was
sufficient. But during anaerobiosis, there will be no
generation of ATP and plants will be starved to death.
However, there are minor ATPs generated either from
glycolysis or alcoholic fermentation pathways so that
plants can temporarily survive (Fukao and Bailey-Serres,
2004).

It was found that enolase mRNA was up regulated in
rice (Umeda and Uchimiya, 1994) and maize seedlings
(Andrews et al., 1994), and the enolase activity was up
regulated in flood-tolerant Echinochloa under anaerobic
condition (Fox et al., 1995; Fukao et al., 2003). Diffe-
rential expression of mMRNAs of enolase isoforms maize
was up regulated in response to anaerobic treatment (Lal
et al.,, 1998). Besides, an enolase bind to the DNA in
humans (Feo et al.,, 2000; Subramanian and Miller,
2000), and an arabidopsis enolase, LOS2, binds to DNA



Table 1. Mass spectrometry analysis of polymorphic bands on native-PAGE by LC-MS/MS. The identification of proteins after LC-MS/MS analysis was performed by use of Mascot

algorithm. The maximum missed cleavage number was set as 1. The NCBI protein database was chosen to search against.

lon Missed Gen Bank
Protein identity Gelband # [Calculatedmass (D) |charge]cleavage| Amino acid sequence [Mascot score| Accession # Organism
Enolase a 1772.92 2 0 SGETEDVTIADIVVGLR 72 Gi|1086120 Cladosporium herbarum
b 1772.92 2 0 SGETEDVTIADIVVGLR 71 Gi|1086120 Cladosporium herbarum
b 1534.75 2 0 IEEELGDAAVYAGAK 44 Gi|119355 maize
g/';f;:r‘;g‘iﬂzsrga'ate b 1317.69 2 0 [DDLFNINAGIVK 40 Gi|21388550 Solanum tuberosum
b 1808.06 2 0 VAILGAAGGIGQPLSLLMK 71 Gi|21388550 Solanum tuberosum
E;gg?:;:l;:ﬁeDP(H) b 806.43 2 0  |LDFAVSR 37 Gi[20302473 Triticum aestivum
1259.64 GIDDIMVDLAAK 50 Gi|20302473 Triticum aestivum
1629.79 LYSIASSAIGDFGFGDSK 65 Gi|119905 Pea

bi-functional) to activate transcription under cold
condition (Lee et al., 2002). Since enolase is post-
trans-translational (phosphorylation) regula-ted in
response to salt stress in Mysembryan-themum
crystalinum (Forsthoefel et al.,, 1995), we
proposed that enolase isoforms identified in two
separate bands may be due to either post- trans-
lational modification or evolutionarily distinct gene
family members. However, whether these two
enolase isoforms encoded by two different genes
and whether there is a post-translational modifica-
tion of enolase, and whether the distinct isoform
identified in Chuwei ecotype has distinct function
required further studies. The malate de-hydroge-
nase generates NADH, and ferredoxin-NADP(H)
oxidoreductase generate NADPH as reducing
power for ATP synthesis. A recent proteomic ana-
lysis identified a salt-induced protein, ferredoxin -
NADP(H) oxidoreductase, in Dunaliella (Liska et
al., 2004). Therefore, further studies to correlate
the stress treatment and gene expression of these
proteins are required.

Traditionally, the detection of polymorphism within
a species (inter-populational) was frequently assayed
by use of isozymes (Guadagnuolo et al., 2001).
Substrate specific to certain enzyme was applied
onto a native-PAGE. After enzymatic reac-tion,
polymorphic isozyme bands emerge. How-However,
the whole process is time-consuming. Our approach
showed that MS technology could be a novel
approach that is easy and efficient in detecting
polymorphism on protein level in a single species
(van den Boom et al., 2007). A similar approach was
performed by use of MS to classify eight ecotypes of
Arabidopsis thaliana (Chevalier et al., 2004). In
conclusion, this study detected polymorphism of
Imperata  ecotypes on protein level. We
demonstrated the potential application of MS in
detecting poly- morphism. (among ecotypes in a
single species. Whether these proteins are really
involved in flooding or salt stress tolerance requires
further studies. The clarification of the correlation
relationship may help us understand more of flood
and salt stress physiology in planta.

The value of proteomic analysis in medicinal
plant study

The identification of variation of proteins among
Imperata ecotypes suggests potential protein
markers specific to individual ecotype. MS-based
proteomic analysis may help us discover the
variation of ecotypes on the protein level. The
advantage of this survey is that we may identify
proteins that are differentially expressed in diffe-
rent ecotypes. In fact, this approach has recently
been widely introduced to study the variation
among different ecotypes of a specific species in
planta. For example, a proteomic analysis was
performed to compare protein differences in two
ecotypes of tomato during ripening (Rocco et al.,
2006). Another study used MALDI-TOF and found
protein difference between two Arabidopsis
ecotypes (Schlesier et al., 2004) . We can design
biological experiments to test if the proteins
identified are essential to the survival of a particu-
lar ecotype. In addition, protein markers may have



additional values. It provides us a chance to screen for
ecotypes with high quality or quantity secondary meta-
bolites. For example, we may use proteomic approach to
screen for Imperata ecotypes of high-quality or high-quan-
tity secondary metabolites. Once all the polymorphic genes
are identified, transgenic strategy can be applied to
modulate the biochemistry or physiology of Imperata to
improve its medicinal effect. Therefore, the ecotype that was
identified will be of great value for drug discovery.

ACKNOWLEDGEMENT

We are grateful to National Taiwan University, Taiwan
(Grant # 96R0039-08, 96R0039-01) for funding support.
We greatly appreciated Dr. Kangling Zhang, Mass
Spectrometry in Analytical Chemistry Instrumentation
Facility at University of California, Riverside, CA, USA for
LC-MS/MS analyses.

REFERENCES

Aebersold R (2003). Constellations in cellular universe. Nature 422:
115-116.

Aebersold R, Mann M (2003). Mass spectrometry-based proteomics.
Nature 422: 198-207.

Andrews DL, MacAlpine DM, Johnson JR, Kelly PM, Cobb BG, Drew
MC (1994). Differential induction of mRNAs for the glycolytic and
ethanolic fermentative pathways by hypoxia and anoxia in maize
seedlings. Plant Physiol. 106: 1575-1582.

Bray EA, Bailey-Serres J, Weretylnik E (2000). Chapter 22: Response
to abiotic stress. In B. Buchanan, W. Gruissem, R.L. Jones (eds.)
Biochemistry and Molecular Biology of Plants, American Society of
Plant Physiologists, Rockville, MD, pp 1177-1187.

Chang IF, Chou CH (2006). Ecotypic variation of Imperata cylindrica
populations in Taiwan IlI: physiological and biochemical evidence. Bot.
Studies 47: 175-184.

Chang IF, Szick-Miranda K, Pan S, Bailey-Serres J (2005). Proteomic
characterization of evolutionarily conserved and variable proteins of
Arabidopsis cytosolic ribosomes. Plant Physiol. 137: 848-868.

Chang WW, Huang L, Shen M, Webster C, Burlingame AL, Roberts JK
(2000). Patterns of protein synthesis and tolerance of anoxia in root
tips of maize seedlings acclimated to a low-oxygen environment, and
identification of proteins by mass spectrometry. Plant Physiol. 122:
295-318.

Cheng KT, Chou CH (1997a). Ecotypic variation of Imperata cylindrica
populations in Taiwan: I. Morphological and molecular evidences. Bot.
Bull. Acad. Sin. 38: 215-223.

Cheng KT, Chou CH (1997b). Specific RAPD Markers of Imperata
cylindrica populations in Taiwan. J. Genet. Mol. Biol. 8: 41-54.

Chevalier F, Martin O, Rofidal V, Devauchelle AD, Barteau S,
Sommerer N, Rossignol M (2004). Proteomics 4: 1372-1381.

Chou CH and Tsai CC (1999). Genetic variation in intergenic spacer of
ribosomal DNA of Imperata cylindrical (L.) Beauv. var. major
(Cogongrass) population in Taiwan. Bot. Bull. Acad. Sin. 40: 319-327.

Doan DD, Nguyen NH, Doan HK, Nguyen TL, Than TS, van Dau N,
Grabe M, Johansson R, Lindgren G, Stjernstrom NE (1992). Studies
on the individual and combined diuretic effects of four Viethamese
traditional herbal remedies (Zea mays, Imperata cylindrica, Plantago
major and Orthosiphon stamineus). J. Ethnopharmacol. 36: 225-231.

Drew MC (1997). Oxygen deficiency and root metabolism: injury and
acclimation under hypoxia and anoxia. Ann. Rev. Plant Physiol. Plant
Mol. Biol. 48: 223-250.

Feo S, Arcuri D, Piddini E, Passantino R, Giallongo A (2000). ENO1
gene product binds to the c-myc promoter and acts as a
transcriptional repressor: relationship with Myc promoter-binding
protein 1 (MBP-1). FEBS Let. 473: 47-52.

Forsthoefel NR, Crushman MAF, Crushman JC (1995).
Posttranscriptional and posttranslational control of enolase
expression in the facultative crassulacean acid metabolism plant
Mesembryanthemum crystallinum L. Plant Physiol. 108: 1185-1195.

Fox TC, Mujer CV, Andrews DL, Williams AS, Cobb BG, Kennedy RA,
Rumpho ME (1995). Identification and gene expression of
anaerobically induced enolase in Echinochloa phyllopogon and
Echinochloa crus-pavonis. Plant Physiol. 109: 433-443.

Fukao T, Bailey-Serres J (2004). Plant responses to hypoxia- is survival
a balancing act? Trends Plant Sci. 9: 449-456.

Fukao T, Kennedy RA, Yamasue Y, Rumpho ME (2003). Genetic and
biochemical analysis of anaerobically induced enzymes during seed
germination of Echinochloa crus-galli varieties tolerance and
intolerant of anoxia. J. Exp. Bot. 54: 1421-1429.

Guadagnuolo R, Bianchi DS, Felber F (2001). Specific genetic markers
for wheat, spelt, and four wild relatives: comparison of isozymes,
RAPDs, and wheat microsatellites. Genome 44: 610-621.

Holm L, Plucknett JP, Herberger J (1977). The world’s worst weeds:
distribution and biology. University Hawaii Press, Honolulu. Xii. +
pp.65.

Hsu CC (1975). Gramineae. In Flora of Taiwan, Vol.6, Li, HL, TS Liu,
TC Huang, T Koyama and CE Devel, (eds.). Taipei, pp 661-662.

Huang YH, Chen SC (1995). Salt tolerance in seedlings of the
mangrove Kandelia candel (L.) Druce, Rhizophoraceae. Bot. Bull.
Acad. Sin. 36: 25-31.

Lal SK, Lee C, Sachs MM (1998). Differential regulation of enolase
during anaerobiosis in maize. Plant Physiol. 118: 1285-1293.

Lee H, Guo Y, Ohta M, Xiong L, Stevenson B, Zhu JK (2002). Los2, a
genetic locus required for cold-responsive gene transcription encodes
a bi-functional enolase. EMBO J. 21: 2692-2702.

Liska AJ, Shevchenko A, Pick U, Katz A (2004). Enhanced
photosynthesis and redox energy production contribute to salinity
tolerance in Dunaliella as revealed by homology-based proteomics.
Plant Physiol. 136: 2806-2817.

Matsunaga K, I’keda M, Shibuya M, Ohizumi Y (1994). Cylindol A, a
novel biphenyl ether with 5-lipoxygenase inhibitory activity, and a
related compound from Imperata cylindrica. J. Nat. Prod. 57: 1290-
1293.

Matsunaga K, Shibuya M, Ohizumi Y (1994a). Cylindrene, a novel
sesquiterpenoid from Imperata cylindrica with inhibitory activity on
contractions of vascular smooth muscle. J. Nat. Prod. 57: 1183-1184.

Matsunaga K, Shibuya M, Ohizumi Y (1994b). Graminone B, a novel
lignan with vasodilative activity from Imperata cylindrica. J. Nat. Prod.
57:1734-1736.

Matsunaga K, Shibuya M, Ohizumi Y (1995). Imperaene, a novel
phenolic compound with platelet aggregation inhibitory activity from
Imperata cylindrica. J. Nat. Prod. 58: 138-139.

Nishimoto K, Ito M, Natori S, Ohmoto T (1965). The structure of
arundoin, the triterpene methyl ether from Imperata cylindrica var.
media and Arundo conspicua. Tetrahedron Lett. 27: 2245-2251.

Ohmoto T, Nishimoto K, Ito M, Natori S (1965). Triperpene methyl ethers
from rhizome of Imperata cylindrica var. media. Chem. Pharm. Bull.
13: 224-226.

Pinilla V, Luu B (1999). Isolation and partial characterization of
immunostimulaing polysacchaides from Imperata cylindrica. Planta.
Med. 65: 549-552.

Rocco M, D’Ambrosio C, Arena S, Faurobert M, Scaloni A, Marra M

(2006). Proteomic analysis of tomato fruits from two ecotypes during

ripening. Proteomics 6: 3781-379Sachs MM, Freeling M, Okimoto R

(1980). The anaerobic proteins of maize. Cell 20: 761-767.

Schlesier B, Berna A, Bernier F, Mock HP (2004). Proteome analysis
differentiates between two highly homologues germin-like proteins in
Arbbidopsis thaliana ecotypes Col-0 and Ws-2. Phytochemistry 65:
1565-1574.

Sripanidkulchai B, Wongpanch V, Laupattarakasm P, Suwanaksri J,
Jirakulsomchok D (2001). Diuretic effects of selected Thai indigenous
medicinal plants in rats. J. Ethnpharmacol. 75: 185-190.

Subramanian A, Miller DM (2000). Structural analysis of
Biol. Chem. 275: 5958-5965.

Torjék O, Berger D, Meyer RC, Mussig C, Schmid KJ, Rosleff ST,
Weisshaar B, Mitchelll-Olds T, Altmann T (2003). Establishment of a

—enolase. J.



high-efficiency SNP-based framework marker set for Arabidopsis.
Plant J. 36: 122-140.

Umeda M, Uchimiya H (1994). Differential transcript levels of gene
associated with glycolysis and alcohol fermentation in rice plants
(Oryza sativa L.) under submergence stress. Plant Physiol. 106:
1015-1022.

van den Boom D, Ehrich M (2007). Discovery and identification of
sequence polymorphism and mutations with MALDI-TOF MS.
Methods Mol. Biol. 366: 287-306.

van der Straeten D, Rodrigues-Pousada RA, Goodman HM, van
Montagu M (1991). Plant enolase: gene, structure, expression, and
evolution. Plant Cell 3: 719-735.

Webster KA (2003). Evolution of the coordinate regulation of glycolysis
enzyme genes by hypoxia. J. Exp. Bot.206: 2911-2922.

Yoon JS, Lee MK, Sung SH, Kim YC (2006). Neuropotective
2-(2-phenylethyl) chromones of Imperata cylindrica. J. Nat. Prod. 69:
290-291.



