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Introduction 
 

Global warming and shortage of energy are 

two critical issues to human social 

development in the 21st century. Worldwide 

shortage of fossil fuels is an urgent problem. 

It enforces scientists to accelerate the search 

for alternative fuels (Vicente et al., 2004).The 

bio-fuel production from photosynthetic 

microorganisms is considered as a process to  

 

 

 

 

 

 

 

 
produce renewable energy for global warming 

mitigation (Palanisami et al., 2013). In recent 

times microalgae have received much 

attention as a renewable energy resource 

(Hsieh and Wu, 2009). Certain strains of 

microalgae known as diatoms were shown, 

under appropriate conditions, to produce up to 

60% of their cellular mass as lipids under 
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Certain strains of microalgae known as diatoms were shown, under appropriate conditions, 

to produce up to 60% of their cellular mass as lipids under certain growth conditions. 

Acetyl-Co-A carboxylase catalyses the first committed step in the synthesis of fatty acids, 

i.e., carboxylation of acetyl-CoA to malonyl-CoA. In present study we have isolated the 

two species of marine diatoms Odontella aurita and Chaetoceros muelleri from Vellar 

estuary Parangipettai Southest coast of India and studied the acetyl co-A carboxylase 

activity at different Si treatment nutrient medium. Results show that ACCase activity was 

maximum in treatment T2 (53 µM Si concentration) 0.035±0.006 U/ mg protein in O. 

aurita, 0.037±0.006 U/ mg protein in C. muelleri and minimum in treatment T4 (153 µM 

Si concentration) 0.019±0.001 U/ mg protein in O. aurita, 0.023±0.001 U/mg protein in C. 

muelleri. ACCase activity in treatment (T1) 0.031±0.0012 in O. aurita, 0.032±0.006 U/mg 

protein in C. muelleri while treatment (T3) show 0.024±0.001 in O. aurita, 0.026±0.001 

U/ mg protein in C. muelleri. Treatment T2 show maximum ACCase activity so treatment 

(T2) further optimised. Optimum pH for ACCase activity was 8.0 and temperature 30
0
C 

and 0.5 mM acetyl co-A. All treatments, acetyl co-A carboxylase activity slightly higher in 

C. muelleri than O. aurita. 
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certain growth conditions. These lipids can be 

easily converted into biodiesel through a 

transesterification reaction (Yu et al., 2009). 

 

Intensive research is currently focused on 

characterizing and controlling the 

biosynthesis and accumulation of high-value 

storage products such as lipid and 

polyunsaturated fatty acids (Work et al., 

2010; Msanne et al., 2012). However, current 

knowledge regarding the regulation of carbon 

flow within cells and mainly in plastids is 

significantly lacking. Numerous attempts to 

manipulate and control the tunnelling of 

carbon have been conducted in recent years, 

most of which are attempts to increase 

carbohydrates and lipid contents in oleaginous 

species through the expression or down 

regulation of various plastid-localized rate-

limiting enzymes, such as acetyl coenzyme -A 

carboxylase (ACCase). However, these 

attempts were mostly unsuccessful, probably 

due to the deprived understanding of plastid 

regulatory mechanisms that control carbon 

flow in microalgae (Lardizabal et al., 2008; Li 

et al., 2010; Andre et al., 2012). It is 

generally accepted that the main precursor for 

de novo fatty acid biosynthesis in 

photosynthetic species is acetyl coenzyme A, 

its production capacity has been largely 

ignored whereas its conversion to malonyl-

CoA through the plastidic ACCase was 

widely accepted as a major bottleneck for 

fatty acids and lipid biosynthesis (Klaus et al., 

2004; Sasaki and Nagano, 2004; Huerlimann 

and Heimann, 2013). 

 

There is a broad range of variability in lipid 

yields between species, as well as a fair 

amount of strain-to-strain variation within the 

same species (Yu et al., 2009). Although 

lipids are formed under a variety of 

environmental stress conditions, there have 

not been systematic comparisons of the yield 

and molecular makeup of lipid produced 

under these different conditions in the same 

species (Mock et al., 2008). Nitrate starvation 

likely has a different impact on metabolic 

activity than silicate limitation. For example, 

previous work has shown that de novo protein 

synthesis is required for starvation-induced 

increase in acetyl CoA carboxlase (ACCase) 

activity in the diatom Cyclotella cryptica 

(Roessler, 1988). If the protein synthesis 

required to create enzymes for lipid formation 

is impacted by nitrate limitation, then there is 

a possibility that induction by nitrate 

starvation could result in a different pattern of 

lipid formation than that found under silicate 

starvation (Roessler, 1988). 

 

The biochemical mechanism that underline 

the procedure of lipid accumulation have 

never been elucidated. The relative 

importance of altered partitioning of recently 

assimilated carbon and redistribution of 

earlier assimilated carbon from non-lipid 

compound into lipids in the lipid 

accumulation procedure has not been strongly 

established (Ben-Amtoz et al., 1985; Suen et 

al., 1987). The nature of lipid produced by 

silicon deficient diatoms has not been 

reported (Roessler, 1988), The research 

described in this paper represents intial efforts 

towards a determine the enzyme acetyl co-A 

carboxylase activity in marine diatoms 

Odontella aurita and Chaetoceros muelleri 

cultivated in different Si treatment nutrient 

medium to understanding the biochemistry of 

ACCase activity in different Si treatment 

diatoms. 

 

Materials and Methods 

 

Isolation and Identification of marine 

diatom 

 

The marine diatom, Odontella aurita was 

collected from Vellar estuary, Parangipettai, 

Tamilnadu, Southeast coast of India (Bay of 

Bengal) with the Latitude 11º29’N and 

Longitude 79º46’E. The diatom collection 
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was done by horizontal towing of 

phytoplankton net (No-30, bolting silk cloth, 

45 µm) during early morning by following the 

method of Mohan et al., (2012). The 

individual diatom strain was isolated using 

serial dilution. Then the isolated pure cultures 

were maintained in Guilard, f/2 (1975) 

medium.  

 

The diatom was examined under a zoom 

stereomicroscope (Olympus). The diatom was 

identified according to their morphological 

characteristics with help of standard 

taxonomic references as previously described 

by Thomas (1997), Venkataraman (1939) and 

Subrahmanyan (1946). 

 

Cultivation of diatom at different Si 

treatment 

 

The isolated diatom was cultivated in 

different Si treatment Guilard, f/2 (1975) 

medium. All the experiments were conducted 

in 5 litre conical flasks. The culture was 

provided with 12:12 dark: light cycle with 

4500 lux white fluorescent lamp at 

temperature 25ºC ±2 ºC.  

 

In this study four Si treatments were 

evaluated, treatment 1(T1) consisted of the 

standard f/2 medium without Si (0 µM Si), T2 

consisted f/2 medium with reduced Si (53 µM 

Si), T3 consisted f/2 medium (Si 106 µM), T4 

consisted f/2 medium with increased Si (159 

µM Si), T3 treated as control, all treatments 

taken in triplicate. All data show in mean 

value.  

 

Crude Enzyme Extraction  
 

Crude enzyme extract was prepared by 

method given by Dayan et al., (2015) slightly 

modified. Brifelly fresh harvested biomass of 

both species of diatoms were grinded in liquid 

nitrogen and sterile-washed sea sand in a 

mortar and pestle with 5 ml extraction buffer 

50 mM Tris pH 8.0, 1 mM EDTA, 10% 

glycerol, 2 mM L-ascorbic acid, 1 mM 

phenylmethanesulfonyl fluoride (PMSF), 

20 mM dithiothreitol, 0.5% 

polyvinylpyrrolidone 40, 0.5% 

polyvinylpolypyrolidone (PVPP). Filter the 

extract through four layers of cheesecloth into 

a centrifuge tube and further centrifuged at 

4
0
C for 20 min at 25000 X g. The protein 

concentration was determined by Lowry 

method (Lowry et al., 1951). 

 

AC Case Assay 

 

ACCase activity was measured by method 

following by Evenson et al., (1994) slightly 

modified. Briefly, ACCase activity was 

measured by coupling the production of ADP 

to the oxidation of NADH by PK and LDH 

(Rendina et al., 1988). The reaction was 

measured by following the change in 

Absorbance at 340 nm for 3 min at 30
0
C.  

 

The standard reaction mixture contained 50 

mM Tris-HCl, pH 8.0, 0.4 M glycerol, 50 mM 

KCI, 0.5 mM DTT, 2.5 mM ATP, 5 mM 

MgS04, 0.5 mM acetyl-CoA, 15 mM 

NaHC03, 0.32 mM NADH, 0.5 mM PEP, 1.25 

units of PK, 1.5 units of LDH, and and 0.20 

mL of  crude enzyme eextract in a final 

volume of 3.0 mL. Acetyl-CoA was then 

added to initiate the reaction, which was 

allowed to proceed for 3 min. One unit of 

enzyme activity is defined as the amount of 

enzyme that catalyzes the carboxylation of 1 

µmol acetyl- CoA min
-1

 under the conditions 

described above, treatment which show 

maximum ACCase activity further optimised, 

Optimum pH, temperature and acetyl co-A. 

 

Results and Discussion 

 

Marine diatom was isolated from the Vellar 

estuary Southeast coast of India and identified 

as O. aurita and Chaetoceros muelleri by 

morphologically. O. aurita and Chaetoceros 
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muelleri were cultivated in different Si 

concentration (T1, T2, T3 and T4 Treatment) 

Guilard, f/2 (1975) medium. Microscopic 

structure and morphology of O. aurita and 

Chaetoceros muelleri was observed by light 

microscope shown in figures 1 and 2. The  

cells  of  Odontella  aurita  under  the  light 

microscope were  solitary with  four 

auriculate  projections and  occasionally 

formed  chains. The cells were found to have 

numerous chloroplasts lying along the cell 

wall (Figure 1). Cells of Chaetoceros muelleri 

are similar to Chaetoceros calcitrans with 

rectangular shape in girdle view and elliptical 

shape in valve view. Strain is slightly larger 

(between 10 and 15 µm), setae are longer and 

straighter (Figure 2). 

 

Acetyl co-A carboxylase activity at 

different treatment 

 

Acetyl co-A carboxylase activity in crude 

extract of O. aurita and C. muelleri at 

different Si treatment shown in figure 3. 

Maximum enzyme activity observed in 

treatment T2 (Si concentration 53 µ M) in 

both species, 0.035±0.006, 0.037±0.006 U/mg 

protein in O. aurita and C. muelleri 

respectively. Treatment T4 (Si concentration 

159 µ M) show minimum activity 

0.019±0.001 in O. aurita, 0.023±0.001 U/ mg 

protein in C. muelleri, treatment T1 show 

more activity than treatment T3 and T4 but 

less than Treatment T2. Treatment T1 showed 

activity 0.031±0.0012 in O. aurita 

0.032±0.006 U/ mg protein in C. muelleri. 

Acetyl co-A carboxylase observed slightly 

higher activity in C. muelleri than O. aurita in 

all Si treatment.  
 

Treatment T2 (Si concentration 53 µ M) show 

maximum acetyl co-A carboxylase activity in 

both species so that treatment taken to further 

study of optimization of enzyme such as pH, 

temperature and acetyl co-A. 
 

 

Effect of acetyl co-A 

 

Figure 4 shows the acetyl co- A carboxylase 

activity at different concentration of acetyl 

co-A. Figure 4 shows that as acetyl co-A 

concentration increases (0.1mM- 0.9mM) 

enzyme activity increases, at concentration 

0.5mM acetyl co-A enzyme activity achieved 

maximum activity 0.0068±0.001 and 

0.038±0.0015 U/ mg protein in O. aurita and 

C. muelleri respectively. After 0.5 mM acetyl 

co-A ACCase activity constant in both 

species. Minimum enzyme activity observed 

at 0.1mM acetyl co-A, where 0.0068±0.001 

U/ mg protein in O. aurita and 0.0084±0.0018 

U/ mg protein in C. muelleri. 

 

Effect of pH 

 

Figure 5 shows the acetyl co –A carboxylase 

activity at different pH (pH 6.0-10.0). 

ACCase activity pH 6.0 to pH 8.0 rapidly 

increases, at pH 10.0 sharply down. 

Maximum enzyme activity at pH 8.0, 

0.036±0.0035 in O. aurita and 0.038±0.001 

U/ mg protein in C. muelleri. At pH 7.0 and 

pH 9.0 acetyl co-A carboxylase activity 

slightly decreases, minimum activity observed 

at pH 6.0, 0.012±0.001 in O. aurita and 

0.013±0.002 U/ mg protein in C. muelleri. 

 

Effect of temperature 

 

Figure 6 shows that acetyl co –A carboxylase 

activity at different temperature (20
0
C- 40

0
C). 

Figure shows that maximum enzyme activity 

at 30
0
C, 0.036±0.0035 in O. aurita and 

0.038±0.0015 U/ mg protein in C. muelleri. 

As temperature increases, enzyme activity 

also increases, at 40
0
C enzyme activity 

decreases sharply. Minimum enzyme activity 

observed at 20
0
C, 0.0075±0.0006 U/ mg 

protein in O. aurita and 0.011±0.0007 

0.0075±0.0006 U/ mg protein in C. muelleri. 
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   Figure.1 O. aurita (LM)      Figure.2 C. muelleri (LM) 

 

Acetyl-CoA carboxylase catalyses 

carboxylation of acetyl-CoA to malonyl-CoA. 

It is believed that acetyl-CoA carboxylase 

may be the rate-limiting step in the 

biosynthesis of fatty acids and any change in 

the activity of acetyl- CoA carboxylase may 

affect lipid biosynthesis (Ahmad et al., 2000; 

Madoka et al., 2002). ACCases from algae 

and the majority of ACCases from higher 

plants are similar, responsible for both biotin 

carboxylation and subsequent carboxyl 

transfer to acetyl CoA (Roessler, 1990). 

 

Present study show that maximum acetyl co-

A carboxylase activity in treatment T2 and 

T1, Si stress condition (T1 and T2 ) show 

higher activity than T3 and T4 treatment (Si 

rich medium). Roessler (1988) investigated 

changes in the activities of various lipid 

biosynthetic enzymes in the diatom Cyclotella 

cryptica in response to silicon deficiency. The 

activity of ACCase increased approximately 

two- and fourfold of silicon-deficient growth, 

respectively, suggesting that the higher 

ACCase activity may partially result from a 

covalent modification of the enzyme. As the 

increase in enzymatic activity can be blocked 

by the addition of protein synthesis inhibitors, 

it was suggested that the enhanced ACCase 

activity could also be the result of an increase 

in the rate of enzyme synthesis (Roessler, 

1988; Roessler et al., 1994).  

 

Fig.1 Acetyl co-A carboxylase activity at different Si treatment (T1, T2, T3 and T4) in O. aurita 

and C. muelleri 
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Fig.2 Acetyl co-A carboxylase activity at different acetyl co-A concentration  

in O. aurita and C. muelleri 
 

 
 

Fig.3 Acetyl co-A carboxylase activity at different pH in O. aurita and C. muelleri 

 

 
 

Fig.4 Acetyl co-A carboxylase activity at different temperature in O. aurita and C. muelleri 
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Simillarly Avidan et al., (2015) reported that 

N starvation induced dramatic variations in 

the level of Ac-CoA in all three species, but 

to varying degrees. Roessler (1990) 

investigated ACCase activity 0.0245 U/mg 

protein in crude extract of Cyclotella cryptic, 

present study also similar finding in treatment 

T3(Si 106 µM). 

 

The optimum substrate (acetyl co-A) 

concentration for acetyl co-A carboxylase was 

0.5mM and temperature for the in vitro 

activity of the enzyme was 30°C, below and 

up to this temperature enzyme activity falls 

rapidly, result are accordance with previous 

report of Livne and Sukenik (1990). Acetyl-

CoA carboxylase from O. aurita and C. 

muelleri had a slightly alkaline pH optimum 

(pH 8.o), which is typical for acetyl- CoA 

carboxylases from many sources. The 

optimum pH of ACCase from the diatom 

Cyclotella cryptica (Roessler, 1990), spinach 

(Mohan and Kekwick, 1980), maize (Nikolau 

and Hawke, 1984) and rape seed (Slabas and 

Hellyer, 1985) was reported to be 8.2, 7.7, 8.4 

and 8.5 respectively. 

 

In conclusion, the results of the present 

investigation suggest that Acetyl co-A 

carboxylase activity found maximum in 

reduced concentration of Si Treatment 

medium (53 µM- T2) in both species of 

marine diatoms. C. muelleri (0.037±0.006 U/ 

mg protein fresh weight) shows little higher 

acetyl co-A carboxylase activity than O. 

aurita (0.035±0.006 U/ mg protein fresh 

weight). 0.5mM Acetyl co-A, pH 8.0 and 

temperature 30
0
C is favourable condition for 

Acetyl co-A carboxylase activity in marine 

diatoms. 
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