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Abstract: Growth of the green alga Chlorella vulgaris was performed on BG-II nutrient solution containing 17.6mM N from urea or sodium nitrate instead of N source. Acetic acid supports the heterotrophic growth of the examined alga. The investigated growth parameters were dry weight, chlorophyll and carotene. It was found that growth dry weight was markedly increased as growth medium was supported by urea nitrogen rather than nitrate nitrogen in free carbon media. Enrichment of nitrate growth media by organic carbon as acetic acid resulted in a moderate increase in growth dry weight as compared with urea growth culture. Chlorophyll were reduced due to acetate addition to nitrate grown cultures.  Growth characteristics represented the same pattern and the lowest biomass doubling time of dry weight was about 9.8 hrs with urea nitrogen enriched cultures.  Concerning chlorophyll, similar trend was slightly observed, however the effect was obviously higher with chlorophyll. On the contrary, carotene accumulation was increased due to acetate supplementation rather than the initial increase in control; however urea culture represented the maximum. Consequently, growth kinetics followed the same response. Urea provides alga by a sufficient carbon amount beside the same nitrogen quantity of nitrate source. [El-Sayed, A. B.; Abdel-Maguid, A. A. and Hoballah, E.M.  Growth response of Chlorella vulgaris to acetate carbon and nitrogen forms.  Nature and Science 2011; 9(9): 53-58]. (ISSN: 1545-0740). http://www.sciencepub.net.
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Introduction

Photosynthesis is the key tune making solar energy available in useable forms for all organic life. Photosynthetic organisms including plants, algae and some photosynthetic bacteria are able to use such energy to combine water with carbon dioxide to create life biomass. It has long been recognized that a significant portion of the inorganic carbon fixed in actively growing photosynthetic algae is released as dissolved organic carbon (DOC) (Bertilsson and Jones 2002). Maximum releasing of total fixed carbon as extracellular dissolved organic carbon is closely depending on the nutrients availability that increased by nutrient limitation (Andersson & Zeutschel, 1970; Mague et al., 1980; Fogg, 1983; Lancelot 1983, Obernosterer & Herndl, 1995; Malinsky-Rushansky and Legrand, 1996 and Moran & Estrada, 2002). Although, most microalgae are photoautotrophs, some microalgae can use organic carbon substances as the sources of energy and carbon for cell growth. Mixotrophy is growth in which organic carbon is assimilated in the light simultaneously with carbon dioxide fixation.

Different hypothesis were early recognized concerning the action of different organic sources on algal growth. The ability of microalgae to use organic carbon as an energy source is important because it can minimize the inhibitory effects of seasonal and diurnal light limitation on growth in outdoor cultures. A considerable number of algae, for example Chlamydomonas (Lalibertè and de la Noüe 1993), Spirulina (Marquez et al., 1993), Chlorella (Endo et al., 1977), Galdieria (Gross and Schnarrenberger, 1995), Scenedesmus (Abeliovich and Weisman 1978), and Micractinium (Bouarab et al., 2004); can grow mixotrophically and heterotrophically in the presence of organic matter such as carbohydrates and acetate. Spirulina platensis grows faster and achieved a higher biomass concentration with the need for less light in mixotrophic culture than in photoautotrophic culture (Vonshak et al., 2000). Miao and Wu (2006) reported that heterotrophic growth of Chlorella protothecoides resulted in a high level of lipid accumulation in cells. Belcher (1968) examined the respiration of a non-axenic strain of Botrycoccus braunii in the presence of organic substrates, including monosaccharides, disaccharides, sugars, alcohols, or carboxylic acids, for 4 hrs under dark conditions. Oxygen consumption was increased significantly in the presence of these organic substrates such as glucose, mannose, acetic acid, ethanol, glycerol, and mannitol. 

It is possible that bacterial contamination presents in the algal cultures had an effect on respiration rate. Also, it is unknown if this alga can grow for long periods of time in the dark. On the contrary, Weetall (1985) reported that Botrycoccus braunii did not grow heterotrophically in the dark, but growth was enhanced by the addition of carbon compounds including glucose, mannose, fructose, galactose, sucrose, lactic acid, or hydrolyzed cheese under light conditions. Assimilation of inorganic carbon and acetate by Botrycoccus braunii was also confirmed by Tenaud et al. (1989); who recognized that Botrycoccus has the capacity to utilize organic substrates to enhance growth in the light. The current work was achieved to eliminate the effect of acetate carbon against two nitrogen sources; i.e, sodium nitrate and ammonical nitrogen supported as urea.  

2. Materials and Methods 

Alga and nutrient solution

The green alga Chlorella vulgaris was grown with BG-II nutrient solution containing 1.5 g.l-1 of NaNO3 as a nitrogen source (Stainer et al., 1971). Urea (0.53g.l-1) was used instead of sodium nitrate on equivalent weight basis (17.6mM N) as a nitrogen (46.5%N) and organic carbon source (49.5% CO). On the other series, acetic acid enriched the nitrate cultures by the same initial amount of urea carbon (0.25 ml.l-1 of 96% analytical grade acetic acid).         
Growth conditions

Growth was performed within high light transparent poly ethylene tubes (150cm length, 5cm diameter and 100µ in thickness) containing 2.5 L of the algal broth. Aeration was continuously provided from compressed air from the tube end, while one side white light bank supports the illumination to be 200 µ.E (El-Sayed and El-Fouly, 2005). 

Growth measurements

The investigated parameters were dry weight, chlorophyll (a&b) and total carotene. Dry weight was measured by filtering a defined volume of the algal slurry (5-10 ml) over pre-weighted dried membrane filter (0.45 µm). Filters were dried at 105oC for 30 minutes, kept over anhydrous calcium chloride till room temperature and then re-weighted. The difference between weights monitored the net dry weight of the grown alga within defined sampling time. Chlorophyll was extracted from the pre-centrifuged algal bulk by 95% DMSO (Burnison, 1980). Chlorophyll absorbance was measured at 649 & 665 nm and concentration was calculated (mg.l-1) by Wellburn (1994). To recover carotene, saponification was performed by 5% KOH / 30% MeOH and the residual was re-extracted by DMSO after the addition of 5 drops of concentrated acetic acid (Boussiba et al., 1992). Carotene absorbance was measured at 468nm and concentration was calculated (mg.l-1) according to Davies (1976) as: Total carotene (mg.l-1) = 4.6 x A468. Growth analyses; including growth rate (µ); doubling time (g); degree of multiplication (n) and percentage increase (y%) were performed using the methods adopted by Pirt (1973).
3. Results and Discussion

Dry weight

Growth determined as dry weight was markedly increased with cultures that supported by urea as a nitrogen source comparing with nitrate supplementation under the same nitrogen content (17.6mMN). When data were subjected towards nitrate utilization as a nitrogen source, growth was reduced as compared with that used urea; however nitrate is preferably utilized by the most green algae including Chlorella (Fig.1).  Supplying growth media by super optimal concentrations of urea as N source and phosphoric acid as P source enhanced vegetative growth. This might be led to increase some nutrients solubility or decrease pH values to near acidic reaction. Here, urea also acted as a complementary source of carbon (El-Sayed. et al., 2010).
The high initial carbon content of urea (49.5% CO) with high solubility rate to form carbonic acid might be enhanced the vegetative growth of algae.  Furthermore, the cleavage of urea molecule led to the fast utilization of ammonical nitrogen part by the used alga. Urea degradation as a nitrogen source involved in two specific enzymatic systems (urease and urea amydolayase); which absent in algal metabolic matrix. The degradation might be achieved by bacteria; or due to the media reaction mainly acid reaction, light, aeration and/or hydrolysis by extracellular algal excretions.
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The decline degree among the three examined treatments could be arranged in the order of 34.4% (urea/nitrate); 18.9% (urea/nitrate plus acetic) and 19.2% (nitrate plus acetate/ nitrate); which showed that urea capable to enhance the vegetative growth of Chlorella vulgaris when it used in a media free carbon. 

Chlorophyll
Chlorophyll content was more affected by nitrogen source as compared with those data of dry weight accumulation. In addition, chlorophyll b was found to be more sensitive to such conditions, which resulted in inhibitory effect, especially when nitrate cultures were supported by acetic acid (Fig. 2). Thus, it could be suggested that acetate; however stimulate the vegetative growth; it reduce the rate of chlorophyll accumulation due to their absence function by fixing acetate on lipid form.   The increment rates for chlorophyll a were found to be 11.44, 26.52 and 17.03% for urea/nitrate, urea/nitrate + acetic and nitrate / nitrate+acetic; respectively. As for chlorophyll b, organic carbon sources decreased the cell photosynthetic pigment contents and chlorophyll a to b ratio with a higher carotenoid to chlorophyll a ratio. This in harmony with Bertilsson et al. (2005); who reported that organic carbon sources reduced the photosynthesis efficiency, and the enhanced the biomass of Prochlorococcus tricornutum implied that organic carbon sources had more pronounced effects on respiration than on photosynthesis.




Belcher (1968) reported that 10 mM of acetate increased oxygen consumption by Botrycoccus braunii; however Weetall (1985) showed that sodium acetate had no effect on the growth of Botrycoccus braunii. In addition, Tenaud et al. (1989) reported that 5 mM acetate did not affect growth, but significantly increased respiration and inhibited photosynthesis. Addition of more than 10 mM sodium acetate to the cultures, increased chlorophyll fluorescence intensity, while it decreased with 20 mM acetate. However, in the presence of glucose under both light and dark culture conditions, the ratios of chlorophyll to dry weight were lower than those under autotrophic culture. The decline in chlorophyll contents might be caused by the inhibition of chloroplast development due to the presence of glucose or a relative increase in the level of other substances other than chlorophyll (Tanoi et al., 2011). Marquez et al. (1993) added that chlorophyll-a contents of Spirulina platensis cells under heterotrophic conditions was lower than under auto or mixotrophic conditions. So, it might be concluded that the balance between light intensity and the level of organic carbon is important and may determine the cellular content of chlorophyll. 
Carotene
In comparison with chlorophyll data, maximum carotene content were obtained with urea grown cultures and acetate enhanced carotene content in nitrate cultures (Fig. 3). In this respect, low concentration of acetate was most likely assimilated by Botrycoccus braunii into both respiration and growth, however high concentration of acetate inhibited photosynthesis and growth (Tanoi et al., 2011). The effect of urea and acetate on algal growth media was early confirmed. Acetate enhanced the biosynthesis of carotene on the expense of chlorophyll. Such effect markedly obvious under severe stress conditions including salt stress, nitrogen deficiency and acetate trophic (El-Sayed, 2005 and El-Sayed, 2010).




Growth analysis 
Growth characteristics were markedly varied as growth was affected by both nitrogen form and trophic mode. Growth rate (µ) of cultures fed by urea as a source of ammonical nitrogen and organic carbon surpasses other cultures including nitrate free carbon or in the presence of acetic acid as a carbon source.  Accordingly, doubling time was sharply decreased to be 9.8 hrs with urea treatment as compared with nitrate cultures that represented 14.6 hrs of dry weight doubling time. The net percentage increase also represented the same pattern (Table 1). The effect of citrate and other like-wastes on algal growth was considerably studied as a carbon source (Ruiz-Marin et al., 2010 and El-Sayed, 2010). The main effect on growth enhancement could be attributed to the initial content of some macro and micro-nutrients especially carbon and nitrogen.
Growth rate under different nitrogen sources was considerably surpasses when cultures were fed by urea (both in dry weight or chlorophyll a). Acetate addition caused an extra increase in growth rate only for dry weight of nitrate culture. On the other hand, acetate reduced chlorophyll (a&b) and carotene-growth rate for such culture that grown with nitrate (Table 1). The opposite effect on carotene might be attributed to the absence of Fe ion that enhances Fenton reaction and carotene accumulation. Consequently, other growth parameters showed the same pattern of the recorded growth rate. Moreover, data indicated that urea could replace nitrate as a nitrogen source and also supports growth media by a sufficient amount of carbon that might quickly utilize by the same time of nitrogen utilization. 

Table 1. Growth characteristics of Chlorella vulgaris grown under two nitrogen forms with organic carbon.
	N.S
	µ
	g
	n
	Y%

	Dry weight

	N
	0.047
	14.6
	1.296927

	145.8

	U
	0.071
	9.8
	1.937474
	283.3

	N + ac
	0.059
	11.8
	1.603931
	204.2

	Chlorophyll a

	N
	0.1396
	4.96
	3.824
	1418.4



	U
	0.1464
	4.73
	4.013
	1617.1

	N + ac
	0.1231
	5.63
	3.372
	1036.5

	Chlorophyll b

	N
	0.087
	7.99
	2.378
	520.3



	U
	0.093
	7.43
	2.555
	588.5

	N + ac
	0.077
	8.99
	2.113
	433.0

	Carotene

	N
	0.095
	7.26
	2.67
	613.8

	U
	0.096
	5.74
	3.31
	991.5

	N + ac
	0.091
	6.14
	3.09
	852.4


   NS= Nitrogen source   

N= Nitrate    U= Urea   N+ac = Nitrate + acetic acid

The growth rate in mixotrophic conditions is approximately the same as the sum of the growth rate in the photoautotrophic and heterotrophic cultures (Endo et al., 1977, Ogawa and Aiba, 1981 and Marquez et al., 1993). On the other hand, organic carbon metabolism may exert an opposite influence on photosynthesis. Glucose can reduce the apparent affinity in CO2 fixation (Lalucat et al., 1984, and Martinez & Orus, 1991). Glucose can also depress photosynthetic O2 evolution (Der-Vartanian et al., 1981, and Oesterhelt et al., 2007). 

Many studies of photosynthesis have been carried out with acetate grown Chlamydomonas reinhardtii cells. Increasing concentration of acetate reduced the photosynthetic CO2 fixation and the net O2 evolution, without effects on respiration and PS II efficiency (Heifetz et al., 2000). Acetate can also reduce carbonic anhydrase (CA) activity (Fett and Coleman, 1994). Kindle (1987) and Goldschmidt-Clermont (1986) showed that acetate can inhibit the light-harvesting chlorophyll a/b binding gene cab11-1 mRNA abundance and expression of rbcS encoding RuBPCase. In the unicellular green alga Chlorogonium elongatum, acetate inhibited the synthesis of RuBPCase and its mRNAs (Steinbiß and Zetsche, 1986). Moreover, acetate also repressed the activities of rbcL and rbcScah-1 encoding Rubisco, and psbA encoding protein D1 (Kroymann et al., 1995). 

Some studies also suggested that glycerol assimilation by Pyrenomonas salina resulted in a reduction of photosynthetic components associated with light-harvesting. The cell phycoerythrin content, phycoerythrin to chlorophyll ratio, degree of thylakoid packing, number of thylakoids.cell−1, and PS II particle size were also reduced (Lewitus et al., 1991). In Cyanothece sp., glycerol addition in the light produced slight differences in the pigment content and ultrastructure (Schneegurt et al., 1997). Berman and Chava (1999) recognized that urea may also act as readily source of CO2 required for photosynthetic organisms. 

Growth metabolites ratios

The effect of acetate carbon with nitrate on some growth metabolites ratios including chlorophyll a/b and chlorophyll/carotene ratios were shown in Fig.4. 





At the early stage of cultivation, control culture at zero time represented the higher ratio of chlorophyll. Growth prolongation resulted in marked decreases on such ratio. The lowest decrease was observed with culture that received nitrate nitrogen in the presence of acetate carbon meaning that acetate affected chlorophyll contents by increasing chlorophyll b against chlorophyll a.  
Conclusion

Nitrate was recognized as the prefer nitrogen source for many algal species. Urea seems to be the most effective nitrogen source for providing alga by a sufficient carbon amount beside the same nitrogen quantity of nitrate source. 
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Fig. 1. Dry weight (g.l-1) of Chlorella vulgaris under two nitrogen forms with organic carbon
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Fig. 2.  Chlorophyll a&b (mg.l-1) of Chlorella vulgaris under two nitrogen forms with organic carbon
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Fig. 3. Total carotene (mg.l-1) of Chlorella vulgaris under two nitrogen forms with organic carbon
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Fig.4. Chlorophyll (a/b) and chlorophyll/carotene ratios of Chlorella vulgaris under two nitrogen forms with organic carbon.
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