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Introduction



In this study it is shown that at least 10% of the major storage product of developing embryos of Brassica napus (L.), triacylglycerol, is lost during the desiccation phase of seed development. The metabolism of this lipid was studied by measurements of the fate of label from [1-14C]decanoate supplied to isolated embryos, and by measurements of the activities of enzymes of fatty acid catabolism. Measurements on desiccating embryos have been compared with those made on embryos during lipid accumulation and on germinating seedlings. Enzymes of b-oxidation and the glyoxylate cycle, and phosphoenolpyruvate carboxykinase were present in embryos during oil accumulation, and increased in activity and abundance as the seeds matured and became desiccated. Although the activities were less than those measured during germination, they were at least comparable to the in vivo rate of fatty acid synthesis in the embryo during development. The pattern of labelling, following metabolism of decanoate by isolated embryos, indicated a much greater involvement of the glyoxylate cycle during desiccation than earlier in oil accumulation, and showed that much of the 14C-label from decanoate was released as CO2 at both stages. Sucrose was not a product of decanoate metabolism during embryo development, and therefore lipid degradation was not associated with net gluconeogenic activity. These observations are discussed in the context of seed development, oil yield, and the synthesis of novel fatty acids in plants.



Storage oil, in the form of triacylglycerol (TAG), is synthesized during the growth of embryos of oilseeds, and then degraded to provide carbon and energy during germination and early seedling growth via the successive operation of b-oxidation, the glyoxylate cycle, partial tricarboxylic acid (TCA) cycle, and gluconeogenesis (Eastmond and Graham, 2001). While the linkage between these metabolic processes, and embryo and seedling development is clear, it is evident, from data presented in previous studies, that lipid content may actually decrease during maturation of oilseeds such as B. napus, arabidopsis, Crambe abyssinica, and Nicotiana tabacum (McKillikan, 1966; Gurr et al., 1972; Norton and Harris, 1975; Murphy and Cummins, 1989; Baud et al., 2002; Tomlinson et al., 2004). A decrease in seed oil content also occurs during maturation of linseed (Linum usitatissimum) (S Troufflard, JC Portais and S Rawsthorne, unpublished results). Surprisingly, in all but one of these reports the loss of lipid is not recognized. This loss therefore appears to be a common, but not understood, feature of oilseed development and requires further study. Moreover, the degradation of lipids and fatty acids during embryo development could have important consequences for oil yield and for attempts to introduce novel fatty acids into seed lipids through genetic manipulation. Consistent with these observations of lipid breakdown during seed maturation, a number of studies have indicated that embryos have the potential to degrade fatty acids during growth, as well as during seed germination and seedling establishment. First, the activities of enzymes of b-oxidation and the glyoxylate cycle have been detected in developing seeds of cotton (Miernyk and Trelease, 1981), castor bean (Hutton and Stumpf, 1969), and cucumber (Ko¨ller et al., 1979; Frevert et al., 1980). In Brassica napus (L.), the mRNA transcripts, protein, and activity of malate synthase (MS) and isocitrate lyase (ICL) are present during the late stages of embryo development, but the activity of
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Materials and methods Chemicals and radiochemicals Substrates, coupling enzymes, and cofactors were purchased from Sigma Chemical Co. (Poole, Dorset, UK). Radiolabelled isotopes 14 14 14 D-[U- C]glucose, D-[U- C]fructose, D-[U- C]sucrose, and L-[1,4 (2,3)-14C]malate were from Amersham Pharmacia Biotech (Little Chalfont, UK) and [1-14C]decanoic acid was from American Radiochemicals (St Louis, Missouri, USA).



Total lipid was also quantified by using a QP20+/PC pulsed magnetic resonance spectrometer (Oxford Instruments, Abingdon, Oxon) operating at a proton frequency of 20 MHz (0.47 Tesla). Developing embryos and seeds (with intact testa) were harvested, oven-dried at 80 8C for 1 h in glass Petri dishes and stored in a sealed vessel containing dried silica gel for 30 min. Up to 15 samples of 200 mg dried embryos per developmental stage were quantified to obtain an average value for oil content. Spectrophotometric enzyme assays Protein extracts for enzyme assays were prepared from developing embryos, cotyledons, and radicles from etiolated seedlings by homogenizing the tissues in 1 ml extraction buffer (150 mM TRISHCl pH 7.5, 10 mM KCl, 10 lM FAD, 10% v/v glycerol, 1 mM b-mercaptoethanol, 1 mM EDTA, and 0.01% v/v Triton X-100). The supernatant was clarified by centrifugation at 13 000 rpm for 5 min at 4 8C, and used directly for enzyme assays. (i) ICL and MS activities were measured according to Cooper and Beevers (1969). Increased sensitivity of the MS assay was achieved by lowering the concentration of DTNB to 0.2 mM. (ii) PEPCK activity was assayed according to Cooper et al. (1968) with modifications as described by Walker et al. (1999). (iii) The multifunctional protein (MFP) activity was determined as described by Binstock and Schulz (1981) using 50 lM crotonoyl-CoA to give enoyl hydratase (EH) activity and 100 lM acetoacetyl-CoA to give L-hydroxyacyl-CoA dehydrogenase (HD) activity. (iv) 3-ketoacyl-CoA thiolase (KAT) activity was determined essentially as described by Rylott et al. (2001), which was adapted from Gerhardt (1983). The reaction volume of 0.75 ml contained 100 mM potassium phosphate buffer pH 7.5, 250 lM MnCl2, 2 mM DTT, 140 lM acetyl-pyridine-NAD (APAD), 3 mM sodium-malate, 0.2% (w/v) sodium azide, 0.05% w/v Triton X-100, 2 mM CoA, 5.5 units citrate synthase, 1.2 units malate dehydrogenase, and 0.4 mM acetoacetyl-CoA. The appearance of reduced APAD was monitored at A363 with an extinction coefficient of 9100 Mÿ1 cmÿ1 (Lizcano et al., 2000). All assays were carried out at 25 8C.



Plant material and growth conditions Brassica napus (L.) cultivar Topas was used for all experiments. Embryos from five distinct developmental stages (pre-, early-, mid-oil synthesis, desiccating, and mature stages: Chia and Rawsthorne, 2000; Eastmond and Rawsthorne, 2000) were harvested from plants grown in a glasshouse with 18/12 8C day/night temperatures and with 16 h of supplementary illumination to cover the natural photoperiod between October and March. Embryos were removed from their testas and placed into incubation medium without labelled substrate (see below). For germination studies, seeds were sterilized by soaking in 70% ethanol for 2 min, followed by 10 min in 5% sodium hypochlorite solution and then several washes with sterile water. Seedlings were obtained by germinating sterile seeds on wet filter paper for up to 7 d at 20 8C under a 16 h photoperiod.



Western blotting analysis About 20 mg of developing embryos were ground with an all-glass homogenizer in 1 ml of protein extraction buffer, according to Kim and Smith (1994). The extracts were centrifuged at 13 000 rpm in a bench top centrifuge for 5 min at 4 8C. The supernatants were denatured and the total soluble proteins resolved on a 10% (w/v) SDS–PAGE gel, according to the method of Laemmli (1970). Separated proteins were blotted onto a nitrocellulose membrane using an electrophoretic transfer cell (Bio-Rad, Watford, Herts, UK). Non-specific sites were saturated by incubation in block solution (1 mM TRIS, 15 mM NaCl, 3% w/v milk powder) for 1 h. Each individual membrane was further incubated in block solution containing the PEPCK, MS, ICL, or thiolase antibody at a 1:10 000 dilution with the exception of PEPCK (1:2000). Antibody-bound proteins were visualized with the ECL+Plus detection system (Amersham Pharmacia Biotech; Little Chalfont, UK), according to the manufacturer’s instructions. Antibodies were obtained as follows: MS and ICL, Professor John Harada (UC Davis, CA); PEPCK, Dr Steve Smith (Edinburgh University, UK); KAT, Dr Liz Rylott and Professor Ian Graham (University of York, UK).



Quantiﬁcation of total lipid using GC and NMR Developing embryos were removed from their testas and total lipid was extracted, derivatized to fatty acid methyl esters (FAMES) and resolved on an Autosystem Gas Chromatogram (Perkin Elmer Cetus, Beaconsfield, Bucks, UK) as described by Kang et al. (1994). Extractions at the mature seed stage were made on whole seed.



Metabolism of [1-14C]decanoate by isolated embryos Ten whole isolated embryos were incubated in 100 ll of the tissue culture medium adapted from Nitsch and Nitsch (1967) adjusted to pH 7.2 and containing 0.1 mM [1-14C]decanoic acid (2035 kBq lmolÿ1). All incubations were carried out at room temperature in preweighed uncapped 2 ml Eppendorf tubes for up to 6 h with frequent gentle agitation. Reactions were stopped by removing the
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the glyoxylate cycle has not been investigated (Comai et al., 1989; Ettinger and Harada, 1990). Second, novel fatty acids, produced in seeds as a consequence of the expression of transgenes designed to alter fatty acid metabolism, may be degraded during seed development (e.g. in B. napus; Eccleston and Ohlrogge, 1998). Third, the activity of the b-oxidation pathway in developing arabidopsis seeds is revealed by the analysis of polyhydroxyalkanoates (PHA) in seeds expressing PHA synthase, an enzyme which synthesizes PHA from intermediates of b-oxidation (Poirier et al., 1999; Moire et al., 2004). The extent and nature of fatty acid degradation during seed development and maturation in the commercially important oilseed species B. napus has been investigated here. Total fatty acid and triacylglycerol content has been measured, the activities of representative enzymes of the complete metabolic sequence of fatty acid catabolism has been assayed, and the fate of 14C-labelled decanoic acid fed to isolated developing embryos has been followed. It is revealed that developing B. napus embryos actively degrade fatty acids and that the complete pathway of catabolism is active in embryos during and after the main period of oil accumulation. Loss of CO2 is a substantial fate of the 14 C-label in decanoic acid.



Storage oil breakdown in developing Brassica embryos medium and washing the embryos with four 200 ll washes of incubation medium over 10 s. The washed embryos were immediately frozen in liquid nitrogen prior to extraction. Extraction of ethanol-soluble material was carried out by incubating the washed embryos in 200 ll of 100% ethanol, followed by 80% and then 50% ethanol at 80 8C for 20 min each (Method A). The supernatant was clarified by centrifugation at each step and the ethanol fractions were pooled to yield a total extraction volume of 600 ll. The ethanol-extracted embryos were then homogenized and the remaining lipids and aqueous metabolites were extracted as described in Kang et al. (1994) (Method B). When measured, 14CO2 evolution was determined by carrying out incubations as described by Kang and Rawsthorne (1996) for isolated plastids, and trapping the 14 CO2 that was released into 15% w/v KOH.



TLC analysis of aqueous extracts Aliquots of the ethanolic extract were further analysed on TLC plates by using three separate solvent systems. (i) Labelled sugars and organic acids were resolved on a CEL 400 microcrystalline cellulose TLC plate (Camlab Limited, Cambridge, UK) by using the upper phase of ethyl acetate:acetic acid:water (6:2:4, by vol.) (Canvin and Beevers, 1961). Clear separation of standards was achieved by running the plate three times, with a drying period in between. Organic acids were visualized by spraying the plates with 70% ethanol containing 0.25% w/v methyl red and 0.25% w/v bromophenol blue (Lee et al., 2001). Amino acids were also resolved on a CEL 400 microcrystalline cellulose TLC plate using either butanol:acetic acid: water (80:20:20, by vol.) (Schwender and Ohlrogge, 2002), or ethyl acetate:acetic acid:water (60:20:40, by vol.) (Canvin and Beevers, 1961). Amino acids were visualized by spraying plates with 0.2% ninhydrin in ethanol and dried at 80 8C for 5 min to develop the colour. (ii) Glycolytic intermediates were resolved on CEL 400 microcrystalline cellulose TLC plates using methanol:ammonium hydroxide: water (60:10:30, by vol.) (Bandurski and Axelrod, 1951), and were visualized using bromocresol green. (iii) Neutral lipids were separated on a 250 lm, 20320 cm Silica Gel-G plate (Anachem, Luton, Beds, UK) using hexane:diethyl ether:glacial acetic acid (80:20:2, by vol.) (Henderson and Tocher, 1992). Separated samples were visualized by exposing the plates to a bioimaging plate (Raytek Scientific Ltd, Sheffield, UK) overnight. The image was developed using a Fuji Bio-imaging analysis system 1000 (Fuji, Photofilm UK Ltd, London) and compounds were identified by co-migration with radiolabelled or unlabelled standards. The proportion of 14C incorporated into labelled bands within a lane was also quantified and used to calculate actual incorporation into metabolites using the total 14C that was applied to that lane. Quantiﬁcation of neutral sugars Total sugars were extracted using the ethanol method as described above. The quantity of Glc, Fru, and Suc in extracts was determined according to Hill et al. (2003).



Results Total fatty acid and TAG content in developing embryos To quantify changes in lipid content during seed maturation in oilseed rape (B. napus L.), a combination of fatty acid methyl ester (FAMES) and non-invasive, nuclear-magnetic resonance (NMR) analyses from the early-oil to matureseed stages has been used (Fig. 1). Measurements of lipid content estimated by FAMES and NMR were in close agreement. Values per embryo increased steadily from the early-oil stage to peak at the desiccating stage and then decreased by 10–14%, depending on the analytical method, to reach a final level of about 1.9 mg embryoÿ1 in the mature seed, representing about 48% of total fresh weight. Because the NMR measurements reflect liquid oil (i.e. TAG), and the proportion of lipid that was extracted as TAG was unchanged between the desiccating and mature stages (data not shown), the vast majority of the decrease in seed lipid content is accounted for by a decrease in TAG. Activity and protein abundance of enzymes of fatty acid catabolism To study changes in the capacity for catabolism and turnover of fatty acids during embryo development and seedling germination, the activities and protein abundance of the enzymes of b-oxidation, the glyoxylate cycle, and gluconeogenesis were measured (Fig. 2). Activities of PEPCK, MS, ICL, 3-ketoacyl-CoA thiolase (KAT), and the multifunctional enzyme (MFP) of b-oxidation were detectable at all stages of embryo development with maximum activities at the desiccating- or mature-embryo stages (Fig. 2a–e). The



Fig. 1. Total fatty acid and TAG content in developing B. napus embryos. Measurement of lipid content was carried out by GC (FAMES) and NMR as described in the Materials and methods. Measurements are for dissected embryos for the early-oil, mid-oil, and desiccating stages, and for whole seed at the mature seed stage. Values are the mean 6SE of four separate extractions (GC) or ten separate samples (NMR).
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Calculation of incorporation of 14C into lipids and aqueous metabolites Incorporation of 14C into aqueous metabolites was calculated by subtracting the amount of neutral and polar lipids (quantified from TLC plates) from the total label recovered in the ethanolic extract (Method A) and summing this with that obtained from the aqueous fraction of the fatty acid re-extraction (Method B). Incorporation of 14 C into lipids was calculated by subtracting the amount of free fatty acids (assuming it was unmetabolized decanoate) from the total lipid as quantified on the TLC plate (from Method A) and summing this subtotal with that obtained from the organic fraction of the fatty acid re-extraction (from Method B).
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Fig. 2. Developmental changes in enzymes of fatty acid catabolism during embryo development and seed germination. Measurements were made for pre- (P), early- (E), and mid-oil (Mi), and desiccating (D) stage embryos, and for mature seeds (M) (solid symbols). In a separate experiment they were also made for cotyledons of germinating seedlings from 1–7 DAI (open symbols). Activities of (a) isocitrate lyase (ICL), (b) malate synthase (MS), (c) phosphoenolpyruvate carboxykinase (PEPCK), (d) 3-ketoacyl-CoA thiolase (KAT), and (e) the multifunctional protein (MFP) were determined in extracts of total soluble proteins. MFP was assayed for enoyl hydratase (EH) (filled circles, open circles) and L–hydroxyacyl-CoA dehydrogenase (HD) activities (closed inverted triangles, open inverted triangles). Values are the mean 6SE of measurements made on three separate extracts. (f) The protein abundances of PEPCK, MS, ICL, and KAT were determined by western blotting. Total soluble protein extracts (25 lg laneÿ1) were separated on a 10% SDS–PAGE gel. Blots were probed with specific antibodies and the proteins were identified by their size (kDa) using protein molecular mass markers and by co-migration with bands on blots of a protein sample from 3 DAI cotyledons (not shown).



activities of the two enzymes of the MFP—L3 hydroxyacylCoA dehydrogenase (HD) and enoyl hydratase (EH)— peaked at the desiccating and mature stages, respectively, with 5–20-fold higher activities than those of MS, ICL, KAT, or PEPCK during embryo development. These



enzyme activities were compared with those in germinating cotyledons at 1–7 d after imbibition (DAI), in which fatty acids are being degraded. The activities of PEPCK, MS, ICL, and KAT rose from mature seed values, peaked at 3 DAI, and then declined steadily. By contrast, the EH activity



Storage oil breakdown in developing Brassica embryos



comparable to those during early seedling growth where the enzyme activities in 3 DAI cotyledons represented at least 94% of that in whole seedlings. Fatty acid catabolism in desiccating embryos



To determine the metabolic fates of fatty acids in embryos, [1-14C]decanoic acid was supplied to isolated embryos at the desiccating stage, where the activities of b-oxidation and glyoxylate cycle enzymes and PEPCK were relatively high (Fig. 2) and embryos were still easily dissected from the seeds. Decanoic acid is water-soluble and permeates intact tissues, enabling its use as a tracer of fatty acid metabolism. The partitioning of radioactivity into lipids and aqueous metabolites, identified by TLC, was measured over 6 h. The radioactivity in lipids excludes 14C in free fatty acids which is presumed to be largely as decanoate. The radioactivity in the aqueous fraction is that in ethanolic extracts less that in fatty acids. After 1 h, 90% of the decanoate had been taken up by the embryos and by 6 h virtually none was present in the incubation medium (Fig. 3a). The 14C content of the free



Table 1. Distribution of enzyme activity between cotyledons and radicles The cotyledons and radicle of developing embryos and etiolated seedlings were separated, total soluble proteins extracted from each tissue, and enzyme activities measured. Values are the proportion of activity in the cotyledon expressed as a percentage of that in the whole embryo/seedling and were calculated from the mean of three separate batches of embryos/ seedling. Total activities in nmol minÿ1 embryoÿ1 or seedlingÿ1 were similar to those described in Fig. 2. Standard errors of the actual measured values were 

 Lihat lebih banyak...



Comentários



























Relatórios "Storage oil breakdown during embryo development of Brassica napus (L "






Por favor, preencha este formulário, tentaremos o mais rápido possível.


Teu nome




Correio eletrônico




Razão
-Escolha um motivo-
Pornografia
Difamação
Ilegal / Haram
Spam
Outros termos de serviço
Arquivar uma reclamação de direitos autorais





Descrição do Produto








Fechar
Enviar














Download "Storage oil breakdown during embryo development of Brassica napus (L "





Somos uma comunidade de intercâmbio. Por favor, ajude-nos com a subida  1  um novo documento ou um que queremos baixar:



ARQUIVO DO DOCUMENTO DE ATUALIZAÇÃO


OU DOWNLOAD IMEDIATAMENTE













Fechar













Compartilhar e Incorporar "Storage oil breakdown during embryo development of Brassica napus (L "





Copie e cole esse script de incorporação para o local onde deseja incorporar



Incluir Script




Tamanho(px)
750x600
750x500
600x500
600x400





URL










Fechar











 
 
 



Sobre nós | 
Termos | 
Privacidade | 
Direito autoral | 
Contato










Copyright © 2017 DADOSPDF Inc.






