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Abstrak: Keupayaan diazotrof hidup bebas untuk menghasilkan enzim nitrogenase dan auksin boleh mempengaruhi pertumbuhan tumbuhan perumah. Dalam kajian ini, diazotrof dibiakkan di dalam medium pertumbuhan yang mengandungi pelbagai kepekatan nitrogen (N) untuk menentukan kepekatan optimum N bagi menggalakkan pertumbuhan mikrob, peningkatan pengikatan gas N (N2) dan penghasilan fitohormon. Oleh itu, kajian melihat sama ada tahap N yang berbeza yang dibekalkan kepada Herbaspirillum seropedicae (Z78) akan mempunyai apa-apa kesan yang signifikan kepada aktiviti nitrogenase dan pengeluaran auksin. Aktiviti nitrogenase tertinggi dan pengeluaran auksin terendah H. seropedicae (Z78) dicatatkan pada 0 gL–1 NH4Cl. Apabila tahap N luaran ditingkatkan, ia menyebabkan penurunan yang ketara dalam aktiviti nitrogenase, dengan penghasilan auksin yang lebih tinggi. Dalam ujian berikutnya, dua saiz inokulum berbeza Z78 (106 dan 1012 cfu/ml) telah dipilih untuk mengkaji kesan peratusan berbeza asetilena terhadap aktiviti nitrogenase daripada inokulum melalui asai penurunan asetilena (ARA). Hasil kajian menunjukkan bahawa, pada 106 cfu/ml inokulum, jumlah yang paling optimum asetilena diperlukan untuk asai enzim nitrogenase adalah 5%, sedangkan pada saiz inoculum yang lebih tinggi (1012 cfu/ml) sekurang-kurangnya 10% daripada asetilena diperlukan untuk aktiviti nitrogenase optimum. Penemuan ini menjelaskan kesan tahap N berbeza terhadap aktiviti nitrogenase diazotrof dan penghasilan auksin serta faktor-faktor penting yang mempengaruhi pertumbuhan tumbuhan perumah.

Kata kunci: Herbaspirillum seropedicae (Z78), Nitrogen Luaran, Asetilena, Saiz Inokulum, Aktiviti Nitrogenase, Penghasilan Auksin

Abstract: The production of nitrogenase enzyme and auxins by free living diazotrophs has the potential to influence the growth of host plants. In this study, diazotrophs were grown in the presence of various concentrations of nitogen (N) to determine the optimal concentration of N for microbial growth stimulation, promotion of gaseous N (N2) fixation, and phytohormone production. Therefore, we investigate whether different levels of N supplied to Herbaspirillum seropedicae (Z78) have significant effects on nitrogenase activity and auxin production. The highest nitrogenase activity and the lowest auxin production of H. seropedicae (Z78) were both recorded at 0 gL–1 of NH4Cl. Higher levels of external N caused a significant decrease in the nitrogenase activity and an increased production of auxins. In a subsequent test, two different inoculum sizes of Z78 (106 and 1012 cfu/ml) were used to study the effect of different percentages of acetylene on nitrogenase activity of the inoculum via the acetylene reduction assay (ARA). The results showed that the optimal amount of acetylene required for nitrogenase enzyme activity was 5% for the 106 cfu/ml inoculum, whereas the higher inoculum size (1012 cfu/ml) required at least 10% of acetylene for optimal nitrogenase activity. These findings provide a clearer understanding of the effects of N levels on diazotrophic nitrogenase activity and auxin production, which are important factors influencing plant growth.
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Nitrogen (N) is an essential nutrient for all life, and the vast majority of organisms have adapted to process N through various environmental sources. In plants, N is taken up only in the reduced form of ammonia (NH3). The reduction takes place via biological N fixation (BNF), a high-energy process requiring hydrolysis of many adenosine triphosphate (ATP) molecules within the cell (Hartmann et al. 1986). BNF involves symbiotic or associative relationships between the diazotroph and the host plant, as the diazotrophic nitrogenase enzyme (encoded by the diazotroph nifHDK genes) catalyses the reduction of gaseous nitrogen (N2) to NH3 (de Campos et al. 2006). However, the process is suppressed in many bacterial species when an ample or excess supply of fixed N is available. In the presence of excess fixed N, the diazotrophic nitrogenase enzyme is no longer active, either due to down-regulation of protein synthesis and/or inactivation of the protein (Rudnick et al. 1997). Early findings by Eady et al. (1978) and Postgate (1982) reported that nitrogenase enzyme is not synthesised by Azospirillum brasilense when supplied with high concentrations of ammonium chloride (NH4Cl). It has also been shown that when diazotrophs are exposed to even low amounts of fixed N (including NH3, ammonium [NH4+] and nitrate ion [NO3–]), the BNF process can be suppressed by a strict regulatory control mechanism (Eady et al. 1978; Postgate 1982; Merrick & Edwards 1995). The fixation process and its regulation are known to be controlled via transcriptional repression of the nif A gene, which encodes the N fixation activator protein (Yan et al. 2010). The presence of fixed forms of N in the cell prevents N2 fixation through the action of N regulatory protein C (NtrC), which prevents nitrogenase enzyme synthesis by repression of the nif A gene. The nif A gene encodes a positive regulatory protein that activates transcription of other nif genes leading to nitrogenase enzyme synthesis. Under limited N conditions, NtrC is active and allows transcription of nif A, leading to the synthesis of genes required for N fixation. A similar inactivation mechanism is employed by Rhodospirillum rubrum, in which the presence of NH4+ leads to the suppression of nitrogenous enzyme transcription through covalent modification of an Fe protein (Pope et al. 1985). In this case, an excess of NH4+ causes the addition of an adenosine diphosphate (ADP) molecule to dinitrogenase reductase (Fe protein), which results in loss of enzyme activity. In addition, the amount of fixed N influences the colonisation and growth of diazotrophs on the root surfaces. Excess of NH4+ causes a reduction in the number of diazotrophs and a decrease in BNF activity (Rivera et al. 1991). Decreased nitrogenase enzyme activity of A. diazotrophicus due to high concentrations of NH4Cl and ammonium nitrate (NH4NO3) has long been recorded (Muthukumarasamy et al. 2002). These various findings clarify the reasons why optimal N concentrations are crucial for maximising N2 fixation activities of diazotrophs. In addition to fixation of N2, diazotrophs promote rooting and growth of host plants by synthesising different growth-promoting hormones such as gibberellins and auxins (indole-3-acetic acid, IAA) (Asghar et al. 2002; Ozturk et al. 2003). Previous reports show that 80% of bacteria isolated from the rhizosphere are capable of producing phytohormones essential for plant growth (Patten & Glick 1996). For example, IAA production is actively stimulated in plants and increases the cell elongation of roots. Moreover, IAA promotes cell division and differentiation of the vascular tissues of the plant (Tien et al. 1979). The secretion of auxins is influenced by microbial culture conditions, diazotroph growth stage and availability of substrates (Frankenberger & Arshad 1995). Several experiments have involved inoculating free-living diazotrophs such as Azospirillum brasilense onto paddy plants, sugar cane and in vitro oil palm shoots, showing the promotion of host-plant root growth by auxin secretion (Keyeo et al. 2011; Noor Ai’shah et al. 2013). However, it is unclear whether phytohormone production of any diazotroph is also influenced by external N concentrations and, if so, what level of external N constitutes the optimal amount. Thus, the objectives of the present experiment are as follows: 1) to observe the effects of external N sources on N2 fixation activities and auxin production of Herbaspirillum seropedicae (Z78) and 2) to determine the optimal external N concentration for maximising N2 fixation and phytohormone production by Z78.

The bacteria H. seropedicae Z78 (ATCC 35893) was cultured in 250 ml Erlenmeyer flasks containing minimal N medium (Okon et al. 1977). The culture was shaken continuously at 160 rpm (28°C) for 48–72 hours on a rotary shaker until the medium became turbid. The optical density for the inoculum was measured at 530 nm, using a spectrophotometer (Lambda Bio + spectrophotometer, Perkin Elmer, USA). A total of 20 μl of broth culture was transferred to semisolid culture media with varied N concentrations and prepared for nitrogenase enzyme analysis. In addition, a total of 1 ml of bacterial culture was inoculated to fresh minimal N medium containing L-tryptophan for auxin production analysis.

The nitrogenase enzyme activity of H. seropedicae (Z78) was determined using the acetylene reduction assay (ARA) (Hardy et al. 1968; Ohyama & Pham 2006). The assay was performed in airtight 30 ml universal bottles containing 10 ml N-free semisolid media (NFb) with different N concentrations (0, 0.25, 0.75 and 1.0 gL–1) of NH4Cl. A total volume of 5% air was removed from the headspace of each universal bottle and replaced with acetylene gas (C2H2) (99.8% purity), followed by 24 hours incubation at 30°C (Elbeltagy et al. 2001). At the end of incubation, a total of 1 ml gas mixture was withdrawn and transferred into a vacuum tube before it was injected into a GC-2014 gas chromatograph (Shimadzu, USA) to assay for the presence of ethylene (C2H4) gas. The gas chromatograph was fitted with a Supelco Carboxen 1004 stainless steel micropacked column, 2 m × 0.76 mm ID, and equipped with a flame ionization detector (FID). N was used as the carrier gas at a flow rate of 30 ml min–1, while the column, injection and FID temperatures were maintained at 80°C, 180°C and 180°C, respectively. The actual concentration of ethylene produced was determined based on the prepared standard curve of C2H4 gas and the peak area (Somasegaran & Hoben 1985; Elbeltagy et al. 2001). The N fixation activity (µmol C2H4 cfu –1 h–1) was defined based on the C2H4 concentration (µmol C2H4) and the viable cell number (cfu) of Z78.

The auxin production of Z78 was assayed based on Salkowski’s colourimetric technique (Asghar et al. 2002; Patten & Glick 2002). The inocula were cultured in a 250 ml Erlenmeyer flask containing 100 ml of minimal N medium (Okon et al. 1977) and treated with different concentrations of NH4Cl (0, 0.25, 0.75 and 1.0 gL–1 of NH4Cl). All of the media preparations were supplemented with 0.5 gL–1 L-tryptophan as a precursor for auxin biosynthesis (Glickmann & Dessaux 1995; Theunis et al. 2004; Zahir et al. 2010; Noor Ai’shah et al. 2013). The presence of auxins in the broth culture was detected through the appearance of pinkish red colour (Barazani & Friedman 1999). The colour intensity was measured by a spectrophotometer at 530 nm (Dobbelaere et al. 1999).

The results were analysed statistically by analysis of variance (ANOVA) using SPSS 15.0 for data analysis. The ANOVA was performed to test the significance of the treatment effects. One-way analysis of variance for a split-plot factorial design with Duncan’s multiple-range test was used to compare the means.

The ability of Z78 to fix N and to produce auxins when supplied with different levels of NH4Cl was studied. The highest nitrogenase activity (2.54 × 10–7 µmol C2H4/cfu/h) was recorded at 0 gL–1 of NH4Cl supply relative to the cultures treated with 0.25, 0.75 and 1.0 gL–1 of NH4Cl (Fig. 1). This result indicates that higher levels of N sources have an impact on the acetylene reduction activity, while the nitrogenase enzyme activity of the diazotroph decreases with increasing N supply in the growth medium. The results were different for auxin production, where the highest activity was recorded for inoculum supplied with higher amounts of N (0.25–1.0 gL–1 of NH4Cl) (Fig. 2). A trend of increased production was noted when N was supplied to the growth medium. A concentration of 0 gL–1 of NH4Cl resulted in the lowest production of auxins (2.43 µg/ml), while 1.0 gL–1 of NH4Cl resulted in the highest level of auxin production at 11.93 µg/ml.

Previous studies have shown that the BNF activity of diazotrophic microorganisms is influenced by fixed N input because NH4+ transport consumes an inducible and energy-dependent system that is repressed by NH3 (Hartmann & Kleiner 1982; Pedrosa & Yates 1983). For example, Rasmussen et al. (2012) describe the influence of cattle slurry-N fertiliser on suppressed N2-fixation activity of white and red clover inoculated with selected diazotrophs. Another finding by Naudin et al. (2011) highlighted that extensive N fertilisation reduced the biomass and N2 fixed by peas in an intercropping system of wheat and pea. In the present study, the process might increase the biomass of wheat but not of pea, and it is likely that the diazotroph population had decreased. Rivera et al. (1991) found that higher mineral N concentration decreased the population size of diazotrophic microorganisms in sugar cane and led to a reduction in nitrogenase enzyme activity. The use of NH4Cl and NH4NO3 is said to reduce both the colonisation and the acetylene-reduction activity of Acetobacter diazotrophicus. Even in small amounts, exogenous NH4+ is known to quickly and reversibly inhibit the nitrogenase activity in the whole cells of H. seropedicae (Fu & Burris 1989). All of these studies contribute to the interpretation of our results, wherein the highest nitrogenase activity was recorded for Z78 grown in medium treated with 0 gL–1 of NH4Cl and wherein higher levels of N sources (0.25, 0.75 and 1.0 gL–1 of NH4Cl) influenced the nitrogenase enzyme activity. A similar response to N input on nitrogenase activity was reported by Klassen et al. (2001), in which the addition of 0.2 mmol L–1 NH4Cl caused almost immediate inhibition of the nitrogenase activity of A. brasilense FP2. However, the activity was fully recovered following exhaustion of ammonium ions from the medium. The N sources (e.g., NH4Cl and NH4NO3) also have an impact on root colonisation and the acetylene-reduction activity of A. diazotrophicus (Muthukumarasamy et al. 2002). These various findings also explain why the nitrogenase activity is the highest when the N supply is 0 gL–1 of NH4Cl and decreases once the N supply increases. Our experimental results are best explained by the regulatory control mechanism of the nitrogenase enzyme at the transcriptional and post-translational levels (Chubatsu et al. 2012). In addition, culture conditions, which include nutrient availability, pH and bacterial strain, will also influence the “NH4+ switch off” mechanisms (Hartmann et al. 1986). Vose et al. (1981); Rudnick et al. (1997), and Steenhoudt and Vanderleyden (2000) also highlighted the inhibition of nitrogenase activity for A. brasilense and H. seropedicae due to inactivation of NifA under excess N conditions. Upon exhaustion of N sources from the medium, the NifA was activated through a process that involved the signal transduction protein PII. Recent findings by Yan et al. (2010) show that the transcriptional regulation of the nif gene depends on both nif-specific and ntr gene regulatory systems. Suppression of the nitrogenase activity may be due to the inhibition of nif A gene expression (Souza et al. 1999). The nif A gene is important for inducing other nif gene expression including the iron-molybdenum cofactor (FeMo-co) nitrogenase structural genes.
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Figure 1: Nitrogenase enzyme activity with different NH4Cl concentrations (gL–1) for Z78 (H. seropedicae).

Notes: Data shown are the means of triplicate tests. Means accompanied by different letters are significantly different (Duncan’s test, p<0.05).
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Figure 2: Production of auxins for Z78 (H. seropedicae) treated with different NH4Cl concentrations (gL–1).

Notes: Data shown are the means of triplicate tests. Means accompanied by different letters are significantly different (Duncan’s test, p<0.05).



It has been demonstrated that diazotrophs can be beneficial to plants not only for their ability to fix N2 but also for their ability to produce beneficial phytohormones such as IAA (Rodrigues et al. 2008). Auxin production is important and reportedly plays a vital role in stem and root elongation in higher plants and growth stimulation of microorganisms (Goodwin 1978; Tsavkelova et al. 2006). Auxin production is also reported to affect photosynthesis in inoculated host plants. In addition, the resistance of plants to stress factors is also influenced by auxin biosynthesis (Tsavkelova et al. 2006). IAA is synthesised by microbes including the epiphytic and tissue-colonising bacteria in soil (Patten & Glick 1996). Auxins are also produced by isolates from the rhizosphere as secondary metabolites due to a rich supply of substrates available (Strzelczyk & Pokojska-Burdziej 1984). One of the most prominent diazotrophs and auxin producers is Azospirillum spp., which is reported to form an association with both cereal and non-cereal plants (Bashan et al. 2004). Thus, auxin-synthesising rhizobacteria are better studied than other rhizobacteria (Tsavkelova et al. 2006; Spaepen et al. 2007). Our results have shown that higher levels of auxins were produced by Z78 when the media was supplied with a higher amount of N. An increasing trend is observed, with 0 gL–1 of NH4Cl resulting in the lowest production of auxins and 1.0 gL–1 of NH4Cl resulting in the highest. Similar findings by Tharwat et al. (2004) showed that application of various N sources such as NH4Cl, ammonium sulphate [(NH4)2SO4], ammonium phosphate monobasic (NH4H2PO4) and NH4NO3 in low concentrations stimulated indole production in Azospirillum strains. However, application of potassium nitrate (KNO3), sodium nitrate (NaNO3) and potassium (KNO2) inhibited the production of indole compounds for all bacteria tested. Noor Ai’shah et al. (2013) reported that the viable cell numbers of diazotrophs also influenced the production of optimum IAA and can be related to N2 fixation capacity of diazotrophs. It was reported that higher viable cell numbers of diazotrophs (up to 1010 cfu ml–1) influenced the production of optimum IAA. The overall IAA productivity of Z78 was recorded at 0.165 μg ml–1 hr–1, while the viable cell count increased gradually (Noor Ai’shah et al. 2013). Any declines in IAA production reflected the decline in viable cell numbers of inoculum tested. Although the diazotroph could produce more IAA, under in vitro conditions, IAA production may show detrimental effects to the host plants. Tharwat et al. (2004) noted that high amounts of indoles produced by Azospirillum strains reduced the length of roots and stems of the host plants. Similarly, Keyeo et al. (2011) found that plants inoculated with A. brasilense (Sp7) and H. seropedicae (Z78) both showed inferior growth due to excess auxin production. Higher concentrations of IAA in the range of 0.001–1.0 µg/ml can also inhibit nitrogenase activity of Azospirillum lipoferum (Silveira & Drozdowicz 1983). These findings clearly support the conclusion that the optimal concentration of N required by Z78 to stimulate N2 fixation activity was recorded at 0 gL–1 of NH4Cl. A higher supply of exogenous N would suppress nitrogenase enzyme activity. The optimal concentration of N needed for auxin production is also 0.25 gL–1 of NH4Cl.

In conclusion, H. seropedicae (Z78) shows the highest nitrogenase activity when supplied with 0 gL–1 of NH4Cl based on the ARA test. When higher levels of N were supplied, a significant decrease in the nitrogenase activity of these bacteria resulted. The production of auxins requires at least 0.25 gL–1 of NH4Cl. High auxin production therefore does not correspond to high nitrogenase activity.

ACKNOWLEDGEMENT

The authors would like to acknowledge the financial and technical support provided by the School of Biological Sciences, Universiti Sains Malaysia (USM), Pulau Pinang, Malaysia. We are also grateful to USM for providing research funding for this study. The work was supported by USM Short Term Grant 304/PBIOLOGI/6311117. Our sincerest gratitude also goes to Dr. Samuel C. Allen (School of Biological Sciences, USM) and Madam Munirah Tharek for their helpful comments in the preparation of the manuscript.

REFERENCES

Asghar H N, Zahir Z A, Arshad M and Khaliq A. (2002). Relationship between in vitro production of auxin by rhizobacteria and their growth-promoting activities in Brassica jencea. Biology and Fertility of Soils 35(4): 231–237.

Barazani O and Friedman J. (1999). Is IAA the major root growth factor secreted from plant-growth-mediating bacteria? Journal of Chemical Ecology 25(10): 2397–2406.

Bashan Y, Holguin G and De-Bashan L E. (2004). Azospirillum-plant relationships: Physiological, molecular, agricultural, and environmental advances (1997–2003). Canadian Journal of Microbiology 50(8): 521–577.

Chubatsu L S, Monteiro R A, de Souza E M, de Oliveira M A S, Yates M G, Wassem R, Bonatto A C, Huergo L F, Steffens M B R, Rigo L U et al. (2012). Nitrogen fixation control in Herbaspirillum seropedicae. Plant and Soil 356(1–2): 197–207.

de Campos S, Wurdig R L, Bodanese Z M and Pereira Passaglia, L. (2006). Relationship between in vitro enhanced nitrogenase activity of an Azospirillum brasilense Sp7 mutant and its growth-promoting activities in situ. Current Microbiology 53(1): 43–47.

Dobbelaere S, Croonenborghs A, Thys A, Vande B A and Vanderleyden J. (1999). Phytostimulatory effect of Azospirillum brasilense wild type and mutant strains altered in IAA production on wheat. Plant and Soil 212(2): 155–164.

Eady R R, Issack R, Kennedy C, Postgate J R and Ratcliffe H D. (1978). Nitrogenase synthesis in Klebsiella pneumonia: Comparison of ammonium and oxygen regulation. Journal of General Microbiology 104(2): 277–286.

Elbeltagy A, Nishioka K, Sato T, Suzuki H, Ye B, Hamada T, Isawa T, Mitsui H and Minamisawa K. (2001). Endophytic colonization and in planta nitrogen fixation by a Herbaspirillum sp. isolated from wild rice species. Applied and Environmental Microbiology 67(11): 5285–5293.

Fu H and Burris R H. (1989). Ammonium inhibition of nitrogenase activity in Herbaspirillum seropedicae. Journal of Bacteriology 171(6): 3168–3175.

Frankenberger W T J and Arshad M. (1995). Phytohormones in soil: Microbial production and function. New York: Marcel Dekker Inc.

Glickmann E and Dessaux Y. (1995). A critical examination of the specificity of the Salkowski reagent for indolic compounds produced by phytopathogenic bacteria. Applied and Environmental Microbiology 61(2): 793–796.

Goodwin P B. (1978). Phytohormones and growth and development of organs of the vegetative plant. In D S Letham, P B Goodwin and T J V Higgins (eds.). Phytohormones and related compounds: A comprehensive treatise, vol. 2. Amsterdam: Elsevier/North-Holland Biomedical Press, 31–173.

Hardy R W, Holsten R D, Jackson E K and Burns R C. (1968). The acetylene-ethylene assay for N2 fixation: Laboratory and field evaluation. Plant Physiology 43(8): 1185–1207.

Hartmann A and Kleiner D. (1982). Ammonium (methylammonium) transport by Azospirillum spp. FEMS Microbiology Letters 15(1): 65–67.

Hartmann A, Haian F and Burris R H. (1986). Regulation of nitrogenase activity by ammonium chloride in Azospirillum spp. Journal of Bacteriology 165(3): 864–870.

Keyeo F, Noor Ai’shah O and Amir H G. (2011). The effects of nitrogen fixation activity and phytohormone production of diazotroph in promoting growth of rice seedlings. Biotechnology 10(3): 267–273.

Klassen G, Emanuel M, de Souza M G, Yates L U, Rigo J, Inaba and Fa´bio de O P. (2001). Control of nitrogenase reactivation by the GlnZ protein in Azospirillum brasilense. Journal of Bacteriology 183(22): 6710–6713.

Merrick M J and Edwards R A. (1995). Nitrogen control in bacteria. Microbiology Review 59(4): 604–622.

Muthukumarasamy R, Revathi G and Loganathan P. (2002). Effect of inorganic N on the population, in vitro colonization and morphology of Acetobacter diazotrophicus (syn. Gluconacetobacter diazotrophicus). Plant and Soil 243(1): 91–102.

Naudin C, Corre-Hellou G, Sylvain P, Yves C and Marie-Hélène J. (2011). The effect of the various dynamics of N availability on winter pea–wheat intercrops: Crop growth, N partitioning and symbiotic N2 fixation. Field Crops Research 120(1): 201–202.

Noor Ai’shah O, Tharek M, Keyeo F, Chan Lai Keng, Zamzuri I, Ahmad Ramli M Y and Amir H G. (2013). Influence of indole-3-acetic acid (IAA) produced by diazotrophic bacteria on root development and growth of in vitro oil palm shoots (Elaeis guineensis Jacq.). Journal of Oil Palm Research 25(1): 100–107.

Ohyama T and Pham V T. (2006). General methods to evaluate microbial activity. Biofertilizer manual. Minato-ku, Tokyo: Asian Cooperation Center, Japan Atomic Industrial Forum (JAIF), 3–39.

Okon Y, Houchins J P, Albrecht S L and Burris R H. (1977). Growth of Spirillum lipoferum at constant partial pressures of oxygen, and the properties of its nitrogenase in cell free extracts. Journal of General Microbiology 98(1):87–93.

Ozturk A, Caglar O and Sahin F. (2003). Yield response of wheat and barley to inoculation of plant growth promoting rhizobacteria at various levels of nitrogen fertilization. Journal of Plant Nutrition and Soil Science 166(2): 262–266.

Patten C L and Glick B R. (2002). Role of Pseudomonas putida indole acetic acid in the development of the host plant root system. Applied and Environmental Microbiology 68(8): 3795–3801.

———. (1996). Bacterial biosynthesis of indole-3-acetic acid. Canadian Journal of Microbiology 42(3): 207–220.

Pedrosa F O and Yates M G. (1983). Nif mutants of Azospirillum brasilence: Evidence for a nif A-type regulation. In W Klingmuller (ed). Azospirillum II, genetics, physiology, ecology. Experientia Supplementum 48. Basel: Birkhause-Verleg, 67–77.

Pope M P, Murrell S A and Ludden P W. (1985). Covalent modification of the iron protein of nitrogenase from Rhadospirillum rubrum by adenosine diphosphoribosylation of a specific arginine residue. Proceedings of the National Academy of Sciences of the United States of America 82(10): 3171–3177.

Postgate J R. (1982). The fundamentals of nitrogen fixation. Cambridge, UK: Cambridge University Press, 60–102.

Rasmussen J, Karen S, Pirhofer-Walzl K and Jørgen E. (2012). N2-fixation and residual N effect of four legume species and four companion grass species. European Journal of Agronomy 36(1): 66–74.

Rivera R, Velazco A and Treto E. (1991). La fertilization (15N), nutricion nitrogenado y actividad de los micro-organisms nitrofijadores en la cana de azucar. Cepa de cana Planta, Cultivada sobre suelo ferralitico rojo. Cultivos Tropicales 12(2): 21–28.

Rodrigues E, Rodrigues L, de Oliveira A, Divan Baldani V, Teixeira K, Urquiaga S and Reis V. (2008). Azospirillum amazonense inoculation: Effects on growth, yield and N2 fixation of rice (Oryza sativa L.). Plant and Soil 302(1–2): 249–261.

Rudnick P, Dietmar M, Andrew G, Luhong H and Christina K. (1997). Regulation of nitrogen fixation by ammonium in diazotrophic species of proteobacteria. Soil Biology and Biochemistry 29(5–6): 831–841.

Silveira S and Drozdowicz A. (1983). The behaviour of Azospirillum spp. in the presence of plant growth hormones. Annales de L Institut Pasteur-Microbiologie 134(3): 411–414.

Somasegaran P and Hoben H J. (1985) Methods in legume rhizobium technology. Hawaii: University of Hawaii (NifTAL), 1–46.

Souza E M, Pedrosa F O, Drummond M, Rigo L U and Yates M G. (1999). Control of Herbaspirillum seropedicae NifA activity by ammonium ions and oxygen. Journal of Bacteriology 181(2): 681–684.

Spaepen S, Vanderleyden J, and Remans R. (2007). Indole-3-acetic acid in microbial and microorganism-plant signaling. FEMS Microbiology Reviews 31(4): 425–448.

Steenhoudt O and Vanderleyden J. (2000). Azospirillum, a free-living nitrogen-fixing bacterium closely associated with grasses: Genetic, biochemical and ecological aspects. FEMS Microbiology Reviews 24(4): 487–506.

Strzelczyk E and Pokojska-Burdziej A. (1984). Production of auxins and gibberellin-like substances by mycorrhizal fungi, bacteria and actinomycetes isolated from soil and the mycorrhizosphere of pine (Pinus silvestris L.). Plant and Soil 81(2): 185–194.

Tharwat E E R, Zeinat K M and Veronica M R. (2004). Effect of inoculation with Azospirillum and Herbaspirillum on production of indolic compounds and growth of wheat and rice seedlings. Pesquisa Agropecuária Brasileira 39(10): 987–994.

Theunis M, Kobayashi H, Broughton W and Prinsen E (2004). Flavonoids, NodD1, NodD2, and Nod-Box NB15 modulate expression of the y4wEFG locus that is required for indole-3-acetic acid synthesis in Rhizobium sp. strain NGR234. Molecular Plant-Microbe Interactions 17(10): 1153–1161.

Tien T M, Gaskins M H and Hubbell D H. (1979). Plant growth substances produced by Azospirillum brasilense and their effect on the growth of pearl millet (Pennisetum americanum L.). Applied and Environmental Microbiology 37(5): 1016–1024.

Tsavkelova E A, Yu K S, Cherdyntseva T A and Netrusov A I. (2006). Microbial producers of plant growth stimulators and their practical use: A review. Applied Biochemistry and Microbiology 42(2): 117–126.

Vose P B, Ruschel A P, Victoria R L and Matsui E. (1981). Potential N2 fixation by sugarcane Sachcharum spp. in solution culture I. Effect of NH4+ vs NO3-, variety and nitrogen level. In P B Vose and A P Ruschel (eds.). Associative N2 fixation, vol. 2. Florida, USA: CRC, Boca Raton, 119–123.

Yan Y, Ping S, Peng J, Han Y, Li L, Yang J, Dou Y, Li Y, Fan H, Fan Y et al. (2010). Global transcriptional analysis of nitrogen fixation and ammonium repression in root-associated Pseudomonas stutzeri A1501. BMC Genomics 11(11): 1–13.

Zahir Z, Yasin H M, Naveed M, Anjum M A and Khalid M (2010). L-tryptophan application enhances the effectiveness of rhizobium inoculation for improving growth and yield of mungbean (Vigna radiata (L.) Wilczek). Pakistan Journal of Botany 42(3): 1771–1780.



OEBPS/images/Art_P15.jpg





OEBPS/images/Art_P10.jpg
i

]

-ARyiohacr SchlorsmiBanicas (EDSRINS)

8

3

L incptobacter udongensis (\R029047)
Ancylobactervacuolatus (NR042794)

~Ancylobacter aquaticus (NROA4737)

Lincytobacterpotymorphus (5R042795)

UTIR

Ancylobacteroerskovii (NR042655)

Xanthobacterflavus (X94199)

Xanthobactr agilis (NR026306)

Xanthobacter autotraphicus (X94201)

)

Xanthobacterviscosus (NRO2S1TS)





OEBPS/images/Art_P28.jpg
Length = 48.69 pm






OEBPS/images/Art_P37.jpg





OEBPS/images/Art_P24.jpg
Length =27.93 pm ™3¢






OEBPS/images/Art_P5.jpg
Enamel
Dentin

Pulp:
DPSCs
SHED

Periodontal Ligament:
PDLSCs

Apical Papilla:
SCAP






OEBPS/images/Art_P23.jpg
T T
102°E 104°E

Peninsular
Walaysia

Sumatera
(indonesia)

T T
106°E 108°E

?

South China Sea

3 ey and Teenagants
5 Kapas b Taangain,
7 Taran san, arang

Satn Eactolarss
5 Samsams






OEBPS/images/Art_P36.jpg
Percent Viabilty of Cells

150-

100

o
00

05 10 15 20
Concentmion Log i)

iy e

25

aTocotrianol
BTocotrienol
VTocotieno!
&-Tocotrienol

aTocopherol





OEBPS/images/Art_P9.jpg
Lecithocladium angustiovum (F13)

g
Lecithocladium angustiovum (P49)
58)

100|

Lecithocladium angustiovum (P50)

Lecithocladium excisum (AJ287529.1)
L Dinurus longisinus (AJ287501.1)
Plerurus digitatus (AF029803.1)

07

Lecithochirium caesionis (AJ287528.1)





OEBPS/images/Art_P19.jpg
‘Average batch fecundity (x 1000 eggs)

R
1800
1800
1400
1200
1000

50

oo

00
200
o

o

g

Nov Dec Jan-12 Feb
ity

Mar

Ao

May





OEBPS/images/Art_P32.jpg
Production of Asxias {g/mlL)

025 o075

Gt





OEBPS/images/Art_P8.jpg
Ecsoma Body






OEBPS/images/Art_P33.jpg
150

~ aTocotrienol

100 = BTocotrienol

~ yTocotriencl

= BTocotronol

50 — aTacopherol
o

00 05 10 15 20 25
Concentration (Log uM)





OEBPS/images/Art_P38.jpg
100

2
ki
o
s

-+ MTT Assay

+ NRU Assay
50;

o+
25 20 -15 -0 05 00

Vinblastine Concentration (Log pg/mi)






OEBPS/images/Art_P3.jpg
Mean percertage of time

80%

0%

0%

20%

0%

[T T
0600-0300 0%00-1200 1200-1500 1500-1800
Time of day (howrs)
wFeedng BFlyng SScaming OResing GPreenng






OEBPS/images/Art_P20.jpg
Merre

Size class (mm OW)

5195 96100

01105 106-110 11111 116-120 121125 126-130 131138 136-140 141-145 146-150 161155 156-160 161165 166-170

Percentage o
females caugpt
Percentage o
ovigerous (OVI)
fomaies
Ratio of OVI
fomaies o 3t
femaies

Mean tota
potenta fecundty
(€100,.000)
Indexof
reprocuctve
potental
Sandardsed tothe.
valde of 10000
the 106110 mm
CWsizeclass

Porcentage of otal
299 producton

Productity (FIA)

an

028

o001

264

005
o001

55

"

0o

a8

751

038
008

809 o1 1020 ess 077 97 75 645 560 36 201 170 08 0%

21 703 108 1210 1210 1284 1013 928 680 563 464 281 127 04

004 0 0f6 0 010 021 021 02 019 02 036 02 023 01

4t 495 e A3 B2 97 MO7 1250 1220 1237 4 1421 169 1535

221 10000 20721 20002 NS5 W02 2020 2620 AT W3 4% 2121 47 18

105 4T3 M2 2N a5 B 245 M3 701 375 208 101 02 007
013 052 109 128 148 186 166 173 125 103 102 050 026 00






OEBPS/images/Art_P12.jpg
g7 [~ Nevophingphiui panipatnce (NROUIIH

5 Novoshingpbismpenaromatoras (K 025245
as [l Nevwphingbiaminsicum 04427
 Nevsphiniam naphbaloiarans (R 041046
- Novshingp b sinenoam (N 0U404S)
Novoghingbiam s 0 13985
L —om
Novuphingpbim sdimincola B3 177530
__cam
T ————y

L Novophineism sbtmansm (R 040827
Novesphingbism e (VR 28962)
Novosphingbimardsgens R 018630)
| | Noophingpismhosiscum (R 028962)
Nevsphingpbiam et (NR 0410

Nevosphingpbiamgiam (NR 00816)
NomoghingpbamnitgeTgens (VR 43857

 uillemeimoow)
L e themaphiantossos






OEBPS/images/Art_P11.jpg
A T nwn— R —
o5 [ Ockrobactrum pseudogrignonense (NR 042589)
Ockrobactrum gignonense (VR 128901
Ockrobactrum rizophaerae (NR 042600
7L Ochroacnum piiesum (A3 490608)
L Ochobacrum pecoris (R sswson)
n Ockrobactrum hacmatophion (NR 0A2588)
Ockrobactrum idci (SR 028902)
<o Ochrobactrum upini (NR 02911
ol Ochrabaconum s w3189
e
Ochrobactrum intemdium (R 042447)

F5lockrobactrum anhropi (SR 2609)
Arobaconam galinioecs (K 035576,
Ochrobactram oyzae (R 042417)

e ocirobactum prscintemediom VR 043756
Naihobacragis (R 0260)
chobace gy (SR02635)

o - Nanthobctr s (NR 026307)

1 Nandhobacter aminasidans (R 25172
Xonthabacer autotrophicis (SR 026308)

ol embabockriconn 78,






OEBPS/images/Art_P25.jpg






OEBPS/images/Art_P29.jpg
RLFB71334
P

raey; | Holothria lencospilota
HLTNF3,
99, skel
s
Sticliopns horreus

SHEUREE2
g7 = SHHRImO2







OEBPS/css/page-template.xpgt
                       



OEBPS/images/Art_P16.jpg
_GxBx G,





OEBPS/images/Art_P4.jpg
‘Mean percertage of time.

AN

0%

0%

0%

20%

0%

Agricutturallands River barks Socil forests.
Habitat

WFeeding BFlyng SScanning BRestng CPreening






OEBPS/images/Art_P2.jpg
.

2 g 2 £ £ £
oooooo
00000






OEBPS/images/Art_P21.jpg





OEBPS/images/Art_P13.jpg
WE =E R W

Y 5w
7
;0 Emowasia o
LF S
S
2w

Study site

Okinawa Island 4‘

20 km






OEBPS/images/Art_P26.jpg





OEBPS/images/Art_P17.jpg
TRELTENY % TO0Lhagge).

B

2000

500

70

¥=18.128¢-1517.1
RP20.5637

150

17





OEBPS/images/Art_P30.jpg
|

hLrBa139a

[ Iy .
;| Holottmria lexcospilola
HLMNFS
100, sHpt
SHP2 .
o et |Stichopus horrens

g9 — o0





OEBPS/images/Art_P34.jpg





OEBPS/images/Art_P7.jpg
Indian Ocean

10°!

SUMATERA
59
banger afpung Jawa Sea

105°

110°

115°






OEBPS/images/Art_P14.jpg
160

140

120

100

[XCerithidea sp.
| Cassiouia musteling
X P. verruculata
#Graspidae sp.

¢ A Uca'sp.

* Sediment

1 Kandelia candel

 Microphytobenthos
© Micro-ephyflora

&

2500 2000 1500 -1000 -500 000

®
5"°C %o






OEBPS/images/Art_P1.jpg
1430

92.57
Corcidingic

86.86
elminthiacic

8388R8BEBREC

(%) sese2 sAp80d J0 eBENBIS





OEBPS/images/Art_P22.jpg
08/11/2011 20:27:45
T— L





OEBPS/images/Art_P27.jpg
ength = 29.05

Length = 45.16 ym





OEBPS/images/Art_P35.jpg
Absorbance 570nm

1.0
0.8
06
0.4
0.2

0.0
0.0

05 10 15 20
Concentration (Log uM)

25

~ a-Tocotrienol
= B-Tocotrienol
-+ yTocotrienol
= B-Tocotrienol
~ a-Tocopherol
~ Vehicle Control





OEBPS/images/Art_P18.jpg
[T BOUNGILY. I TLRUo0ge)

=500

2000

1500

1000

500

200

BWia)

2%

300






OEBPS/images/Art_P6.jpg
Epithelium (HAECS)
Basementmembrane

Compactayer

Fibroblast
layer

e

Intermediate J
(spongy)layer





OEBPS/images/Art_P31.jpg
g

T v

i S

075

Concantrotions of MiCIgt





