










 Categoria
 Top Downloads




Entrar
Registrar
Recobrar











Pesquisar












	
Categoria

	
Top Downloads

	
	
Entrar

	
Registrar







Pesquisar











	
Home

	Evidence for a C 4 NADP-ME photosynthetic pathway in Vetiveria zizanioides Stapf 

 Evidence for a C 4 NADP-ME photosynthetic pathway in Vetiveria zizanioides Stapf 


July 22, 2017 | Autor: Simone Bossi | Categoria: Kinetics, Plant Biology, Ecology, Transmission Electron Microscopy, Enzyme, Environmental Conditions, Enzyme activity, Vetiveria zizanioides, Leaf Anatomy, ENVIRONMENTAL SCIENCE AND MANAGEMENT, Stomatal Conductance, Environmental Conditions, Enzyme activity, Vetiveria zizanioides, Leaf Anatomy, ENVIRONMENTAL SCIENCE AND MANAGEMENT, Stomatal Conductance 



 BAIXAR PDF 



 Share
 Embed



 Denunciar este link














Descrição do Produto


PLANT BIOSYSTEMS,



135 (3) 249-262, 2001



Evidence for a C4 NADP-ME photosynthetic pathway in Vetiveria zizanioides Stapf. C. M. BERTEA, S. SCANNERINI, G. D'AGOSTINO, M. MUCCIARELLI, W. CAMUSSO, S. BOSSI, G. BUFFAand M. MAFFEI



received 10 July 2000; revised version accepted 22 February 2001



ABSTRACT - Leaf anatomy (light and transmission electron microscopy), immunogold localization of Rubisco, photosynthetic enzyme activities, CO assimilation and stomatal conductance were studied in Vetiveria zizanioidel Stapf., a graminaceous plant native to tropical and subtropical areas, and cultivated in temperate climates (Northwestern Italy). Leaves possess a NADPME Kranz anatomy with bundle sheath cells containing chloroplasts located in a centrifugal position. Dimorphic chloroplasts were also observed; they are agranal and starchy in the bundle sheath and granal starchless in the mesophyll cells. Rubisco immunolocalization studies indicate that this enzyme occurs solely in the bundle sheath chloroplasts. Pyruvate-orthophosphate dikinase, NADP-dependent malate dehydrogenase (NADP-MDH), NADP-dependent malic enzyme (NADP-ME), PEP-carboxykinase and NAD-dependent malic enzyme (NAD-ME) activities were determined. Enzyme activity and some kinetic properties of NADP-ME and NADP-MDH as well as CO 2 compensation point and stomatal conductance values were calculated indicating a NADP-ME C4 photosynthetic pathway. Biochemical and structural results indicate that V 'zizanioides belongs to the C4 NADP-ME variant. This plant appears to be well adapted to the varying environmental conditions typical of temperate . climates, by retaining high enzyme activities and a low CO 2 cornpensation point. KEY WORDS - Vetiveria zizanioides (Vetiver), Gramineae, photosynthetic enzyme activities, C4 leaf anatomy, NADP-ME variant, Kranz bundle sheath, Rubisco immunolocalization, CO 2 compensation point ABBREVIATIONS - BS = Bundle sheath; NADP-MDH = NADP-dependent malate dehydrogenase; NAD-ME = NAD-dependent malic enzyme; NADPME = NADP-dependent malic enzyme; PPDK = Pyruvate-orthophosphate dikinase; PCK = Phosphoenolpyruvate carboxykinase; PPFR = photosynthetic photon fluence rate; DEAE = diethylaminoethyl Sephacel; OAA = oxalacetic acid; PAR = photosynthetically active radiation
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Vetiveria zizanioides Stapf. is a graminaceous plant native to India cultivated in tropical and subtropical areas. Its aerial portion is very abundant but scantily useful as animal fodder. Its root system, which is also well developed, is important owing to its capacity to produce an essential oil (LEMBERG & HALE, 1978; AKHILA & THAKUR, 1989) and to prevent soil erosion (PEYRON, 1989; NATIONAL RESEARCH COUNCIL, 1993; DALTON et al., 1996; TSCHERNING et al., 1995; MUCCIARELLI et al., 1997; RODRIGUEZ, 1997). From a physiological point of view, when grown in humid-temperate climates V zizanioides shows 8 BC values (MAFFEI et al., 1995) and low CO2 compensation points (KRENzER et al., 1975) typical of C4 plants. Early studies on V zizanioides (GIACCONE et al., 1990; GIACCONE et al., 1991) localised the key enzyme ribulose 1,5-bisphosphate carboxylase/oxygenase (Rubisco) exclusively in the chloroplast stroma of the bundle sheath (BS) cells, while subsequent studies on the photosynthetic apparatus indicated some kinetic properties (V ,K PEP, K Mg and Hill's n number), and some ch~~ica1-physicaI parameters (activities at different temperature and pH values) of phosphoenolpyruvate carboxylase. The latter enzyme, Rubisco, and glycolate oxidase activities were comparable to those of C4 plants (MAFFEI et al., 1995). The subdivision of C4 plants into three variants depends on relative activity levels of C4 acid decarboxylating enzymes present in the BS cells: NADP-ME, NAD-ME, and PCK-type (HATCH et al., 1975; EDWARDS & WALKER, 1983; HATCH, 1987; JENKINS et al., 1989; TAIZ & ZEIGER, 1998). C4 plants can also be divided into two groups depending on the predominant C4 acid accumulating in the mesophyll cells: "malate-formers" (NADPME type) and "aspartate-formers" (NAD-ME and PCKtype) (KAGAWA & HATCH, 1975; CHAPMAN & HATCH, 1983; TAIZ & ZEIGER, 1998). Furthermore, the biochemical distinctions are correlated with the ultrastructure differences of Kranz cells (GUTIERREZ et al., 1974; HATCH et al., 1975). The three C4 biochemical variants can be distinguished ultrastructurally by a combination of two characters regarding BS cell chloroplasts: the degree of granal stacking and chloroplast position (GUTIERREZ et al., 1974). In order to better characterize the C4 photosynthetic pathway of V zizanioides and thus determine the variant to which it belongs, we estimated the highest activities of NADP-ME (EC 1.1.1.40), NADP-MDH (EC 1.1.1.82), PPDK (EC 2.7.9.1), NAD-ME (EC 1.1.1.39) and PCK (EC 4.1.1.49) and some kinetic characteristics of NADP-ME and NADP-MDH. As the metabolism of plants is affected by changes in environmental tempera-



ture it is important to evaluate enzyme activities at different temperature values. The response to these changes depends on the photosynthetic pathway adopted, resulting in a different optimum range of temperature over which the highest growth rate can be maintained (FITTER & HAY, 1987). In order to evaluate the possible adaptability of V zizanioides, photosynthetic enzyme activities were recorded at low and high temperature values, typical of the humid-temperate climates. Activities were also measured at different pH values in order to estimate changes in the reaction rate due to changes in the protonation state of groups involved in the catalysis and!or binding of substrates as a consequence of pH fluctuations. As anatomical features of leaf blades generally allow different variants of C4 plants to be distinguished (HATTERSLEY & WATSON, 1976), our study on leaf anatomy was aimed at establishing correlations between biochemical pathways and ultrastructure. Polyclonal antibodies raised against Rubisco were used for the immunolocalization of this enzyme in the BS cell chloroplasts. Owing to the importance of V zizanioides as a barrier against erosion and in view of its utilisation in temperate climates, the aim of the present work was the characterisation of some biochemical and anatomical properties of its photosynthetic apparatus by analysing enzyme kinetics, and mesophyll features and immunogold localization of the carboxylating enzyme Rubisco, by transmission electron microscopy using plants growing in temperate climates. MATERIALS AND METHODS



Plant material



Plants of Vetiveria zizanioides Stapf. were collected by SACCO (1960) in Somalia and cultivated in the Botanical Garden of the University of Turin for several years. All analyses were performed during the summer on fieldgrown plants subjected to standard agricultural techniques. Light and electron microscopy



Leaf segments were fixed in 3 % glutaraldehyde and 1% acrolein in 0.15 M phosphate buffer, pH 7.2, containing 0.6 M sucrose, and stained overnight at 4°C in aqueous uranyl acetate. Samples were then dehydrated in an ethanol series and embedded in LR White resin. Thin sections, cut with a Reichert Ultracut-E ultramicrotome, were stained with lead citrate and examined under a Philips EM 201 electron microscope. Semithin sections
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were stained with toluidine blue and examined under a Zeiss Photomicroscope III. For the immunochemical localization, thin sections of plant tissue were first incubated for 20 h in 0.15 M phosphate buffer, containing 4% (v/v) paraformaldehyde, 0.3% (v/v) glutaraldehyde, 0.2% (v/v) picric acid and 0.1 M sucrose, dehydrated with an ethanol series and embedded in LR White resin. Sections were incubated 22 h at 4°C in Tris + 0.1% (w/v) bovine serum albumin (BSA) buffer containing either 1:200 or 1:500 dilutions of rabbit polyclonal antibodies raised against Rubisco or a comparable dilution of pre-immune serum. After washing with Tris-BSA buffer, all sections were incubated for 20 min at room temperature in Tris-BSAcontaining a 1:20 dilution of gold labeled goat anti-rabbit polyclonal antibodies (Auro Probe EM GAR-G15,]anssen). Chlorophyll and protein content



Chlorophylls were determined with the method of MAC KINNEY (1941) using acqueous acetone (80%). Protein concentration was evaluated by the method of BRADFORD (1976) using BSA as a standard. Three replicates were run for each assay. Enzyme activities



PPDK: Leaves were collected, partially submerged with MS salt solution (MURASHIGE & SKOOG, 1962) and light activated for 48-72 h (ASHTON et al., 1990) by a set of six Dulux Electronic Lamps (PPFR = 60 pmol m" S-I); they were then washed in distilled water and ground with an IKA thermostatable blender (4°C). Cold 50 mM Bicine (N,N-bis[2-hydroxyethy1]-glycine) buffer (pH 7.5) containing 10 mM MgClz' 2 mM K zHP04 , 1 mM EDTA, 5 mM pyruvic acid, 1% w/v polyvinylpyrrolidone (PVP)and 1% w/v sodium ascorbate was used to grind the plant material \}n a 5:1 proportion (v/w). The homogenate was: filtered through 8 layers of cheesecloth and centrifuged at 9,000 g for 15 min. The supernatant was brought to 45% saturation with the addition of solid ammonium sulfate and allowed to stir gently for several hours at 4°C. After centrifugation at 28,000 g for 45 min, the supernatant was brought to 65% saturation with solid ammonium sulfate, stirred for several hours at 4°C and centrifuged at 28,000 g for 45 min. Pellets, containing most of the enzyme activity, were resuspended in a small volume of 50 mM Bicine buffer (pH 7.5) for the assay, and desalted through a Sephadex G-25 column equilibrated with 50 mM Bicine buffer (pH 7.5) and 2 mM DTT. Activity was measured spectrophotometrically at 340 nm in the forward direction by coupling the production of PEP to NADH oxidation via PEP-carboxylase and malate dehydrogenase used in excess. The



reaction mixture contained 50 mM Bicine buffer (pH 7.5),10 mM MgClz' 0.1 mM EDTA, 50 mM NaHC03 , 5 mM DTT, 2.5 mM K zHP04 , 1.25 mM pyruvic acid, 1.25 mM ATP, 0.2 mM NADH, 2 V.I. PEP-carboxylase, 2 V.I. malate dehydrogenase and crude extract in a final volume of 1 ml at 30°C. The reaction was started by adding either crude extract, ATP or pyruvate. Low background rates in the crude extract could be resolved by starting the reaction with ATP or pyruvate. PCK and NAD-ME: The extraction of these enzymes was done simultaneously. Leaves were collected, washed with distilled water, light activated for 1 h (same PPFR as above) and then ground with 1% (w/v) PVP and 25 mM Hepes-KOH (N-[2-hydroxyethy1]piperazine-N'[2-ethanesulfonic acid]) buffer (pH 7.5)_ containing 2 mM MgClz' 5 mM DTT and 1% (w/v) sodium ascorbate. All operations were carried out at 4°C. The homogenate was filtered through 8 layers of cheesecloth and separated in two parts. For NAD-ME, 0.5% (w/v) Triton X-15 was added to the crude extract to promote its release from mitochondria (ASHTON et al., 1990), while the aliquot destined for PCK extraction was left on ice. Both portions were then centrifuged at 10,000 g for 15 min. Each supernatant was brought to 45 % saturation of solid ammonium sulfate and then centrifuged at 28,000 g for 30 min. The supernatants were brought to 60% saturation and centrifuged at 28,000 g for 45 min as described above. PCK pellets were resuspended in 1 ml50 mM Hepes-KOH buffer (pH 8.0), and NADME pellets in 1 ml25 mM Hepes-buffer (pH 7.2). PCK activity was measured spectrophotometrically by following the ATP-dependent decrease in OAA concentration at 280 nm (ASHTON et al., 1990). The reaction mixture contained 50 mM Hepes-KOH buffer (pH 8) 2 mM MnClz' 1 V.I. pyruvate kinase, 0.2 mM ATP, 0.6 mM OAA, and enzyme extract. The reaction was started by adding ATP. Blanks without OAA were also measured. NAD-ME activity was measured spectrophotometrically in the direction of malate decarboxylation by following NADH formation as a change in absorbance at 340 nm (ASHTON et al., 1990). The reaction mixture contained 25 mM Hepes-KOH (pH 7.2), 4 mM MnCl z' 0.2 mM EDTA, 5 mM DTT, 0.1 mM CoA (allosteric activator), 2 mM NAD, 5 mM malate and enzyme extract-in a final volume of 1 ml at 30°C.-The reaction was started by adding malate. NADP-MDH and NADP-ME: The extraction of these enzymes was also done simultaneously. Leaves were collected, light activated for 1 h (same PPFR), washed with distilled water and then ground with 1% (w/v) PVP in 25 mM Tricine-KOH (N-tris-[hydroxymethy1]-methylglycine) buffer (pH 8.3) containing 0.5 mM EDTA, 15
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mM DTT, 1% (w/v) sodium ascorbate. The homogenate was clarified by filtration through 8 layers of cheesecloth and then separated in two aliquots. To obtain the maximum NADP-MDH activity, the enzyme was fully reduced by incubating the aliquot destined for its extraction under N 2 at room temperature for 1 h (ASHTON et al., 1990). The aliquot destined for extraction of NADP-ME was left on ice for the same time. Both portions were then centrifuged at 10,000 g for 15 min. Each supernatant was brought to 40% saturation with solid ammonium sulfate and centrifuged at 28,000 g for 30 min. The supernatants obtained were brought to 60% saturation with ammonium sulfate and centrifuged at 28,000 g for 30 min. Final pellets were resuspended in 4 ml25 mM Tricine-KOH buffer, pH 8.3, and desalted by passage through a Sephadex-G25 column (2.5 x 20 ern) that had been equilibrated with elution buffer (25 mM Tricine-KOH, pH 7.5, containing 0.5 mM DTT and 0.5 mM EDTA). Desalted extracts were loaded at a constant flow of 30 ml h' onto a DEAESephacel column (1.5 x 10 ern) previously equilibrated with elution buffer. After extensive washing, enzyme activity was eluted with a linear gradient that ranged from 0 to 500 mM KCI (200 ml) for the collection of 5ml fractions. Both active fractions were pooled and assayed spectrophotometrically using an Ultrospec 3000 spectrophotometer (Pharmacia Biotech). NADP-MDH activitywas measured in the direction of OAA reduction by following the oxidation of NADPH at 340 nm. The reaction mixture contained 25 mM Tricine-KOH (pH 8.3),70 mM KCI, 1 mM EDTA, 0.01-0.2 mM NADPH, 0.01-1 mM OAA and crude extract or DEAE-preparation (for determination of kinetic and chemical-physical parameters) in a 1-ml final volume at 30°C. The reaction was started by adding OAA. The same mixture was also assayed (1) using 1 mM OAA, O.2mM NADPH and the DEAE-preparation and varying the 25 mM TricineKOH buffer pH (6.0-10.5) at 30°C. The different pH values were obtained using an equimolar mixture of Mes (2-[N'-morpholino]ethanesulfonic add), Hepes (N-[2hydroxyethy1]piperazine-N'-[2-ethanesulfonic acidj), AMP (2-amino-2-methyl-1-propanol), Bicine or Tridne at a final concentration of 200 mM/L, adjusted to different pH values with KOH; (2) at different assay temperatures (20-49°C) with 25 mM Tricine-KOH buffer at pH 8.3; (3) using 1 mM OAA, 0.2 mM NADPH and DEAE-preparation, and varying the inhibitor concentration (NADP+) from 0.2 to 5 mM. Assays were performed using a Peltier Heated Cell Holder to maintain a constant temperature. NADP-ME activity was measured spectrophotometrically in the forward direction by following NADP+ reduction at 340 nm. The assay



mixture contained 25 mM Tricine-KOH (pH 8.3), 0.1 mM EDTA, 2 mM MgCI2, 1 mM DTT, 0.005-0.5 mM NADP+, 0.1-5 mM malate and crude or DEAE-extract in a 1-ml final volume at 30°C. The reaction was started with extract, malate or Mg2+. In the crude extract, occasionally occurring low background rates due to NADPMDH were resolved by starting the reaction with Mg2+. The same mixture was assayed at 30°C using 5 mM malate and the DEAE-extract by varying the 25 mM Tricine-KOH buffer pH (6.0-10.5) as described above, and the assay temperature (20-49°C) using 25 mM Tricine-KOH buffer at pH 8.3. All results presented are the means of at least three replicates ± SE. CO 2 assimilation and stomatal conductance



CO 2 assimilation and stomatal conductance measurements were performed on primordial, young, mature and old V zizanioides leaves by using a CIRAS Infra Red Gas Analyzer equipped with a Parkinson leaf cuvette (PP System). Measurements were made in the sunlight. Gas exchange rate calculations were based on leaf area (2.5 crrr') , atmospheric pressure, temperature (30°C), PAR inside the cuvette and also according to the concentration differences between the inward (350 ppm) and outward CO 2, CO 2 assimilation was expressed as umol CO 2 drrr's', whereas stomatal conductance was expressed as mmol H 20 drrr-s'. The data are reported as the mean of at least 20 repetitions. RESULTS Light and electron microscopy



In cross sections of minor veins the vascular BS appeared surrounded by one layer of sheath cells, with chloroplasts located in a centrifugal position (Figure 1a). No mestome sheath (MS) appears to be present between metaxylem vessel elements and laterally adjacent Kranz cells. In the BS, ultrastructural observations revealed a cell wall with suberized lamella (Figure Ib) along with the presence of agranal chloroplasts. In some cases, these chloroplasts displayed an apparent distortion of the thylakoid system somewhere in the central part of the stroma (Figure 1b, c). Chloroplasts contained numerous starch grains (Figure Ib) and/or a well-developed peripheral reticulum (Figure l c). A few, small and heavily cristated mitochondria were also observed. Mesophyll chloroplasts had most of the thylakoids stacked in grana; starch grains were absent, and several plastoglobules were present (Figure l d, e). The evident plasmolysis observed in the electron micrographs reflects the difficulty to penetrate the BS cell walls, and the need to use an osmotically unbalanced buffer in
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FIG URE 1 - a) Semi-thin cross-section of V zizanioides leaf stained with toluidine blue . The vascular bundle in a minor vein is surrounded by a layer of sheath cells, with chloroplasts in a centrifugal position; b ) Bundle sheath chloroplasts without grana and with an apparent distortion of the thylakoid system somewhere in the central part of the stroma. Note the small starch grains (S) and the suberized lamella in the BS cell wall (CW); c) Bundle sheath chloroplasts, note the peripheral reticulum (arrow) along the chloroplast. P = plastog lobule; d-e) Mesophyll chloroplasts with most of the thylakoids stacked in grana (G) and without starch grains . P = plastog lobule. a - scale bar = 4 urn; b-e scale bars = 0.5 urn.
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FIG URE 2 - H igh magnification of a bundle sheath chloroplast from



V. zizanioides, show ing immunolabelling against Rubisco . Colloidal gol d



particles strongly label the stroma. For controls see Figure Je. Scale bar = 0.5 J-Im.



order to analyse the ult rastructural cha racteristics of BS chloroplasts.



l mmunolocalization Hi gh resolution imm unolocalizat ion b y electr on microscopy shows th at labelling occurred only in th e BS chloroplasts. G old particles appeared un ifor mly distri b uted thro ughou t the organ elles, with the exception of starch grains an d plastoglobu les (Figure 2 ). No lab elling was observed in the mesop hyll chloro plasts (Figure 1e).



mine its kinetic characteristics, such as V ,K and/ or oth er che mical-p hysical p a ram eters. PC K · activity resulted even lower than PPDK activity ( 
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