
                           
                          วารสารวิทยาศาสตร์บรูพา ปีที่ 26 (ฉบบัที่ 1) มกราคม – เมษายน พ.ศ. 2564 

                          BURAPHA SCIENCE JOURNAL Volume 26 (No.1)  January – April   2021                                                    บทความวิจยั 

 

 

 105 
 

การผลิต Coenzyme Q10 จากเชือ้สายพันธ์ุกลาย Rhodopseudomonas sp. S12-13 
The Coenzyme Q10 Production from Rhodopseudomonas sp. S12-13 Mutant 

สมชาย ไกรรักษ์1* และ นิสา ไกรรักษ์2 
Somchai  Krairak1* and Nisa  Krairak2 

1 ภาควิชาชีววิทยา คณะวิทยาศาสตร์ สถาบนัเทคโนโลยีพระจอมเกล้าเจ้าคณุทหารลาดกระบงั 
2 ภาควิชาจุลชีววิทยา คณะวิทยาศาสตร์ มหาวิทยาลยับูรพา   

1Biology Department, Faculty of Science, King Mongkut’s Institute of Technology Ladkrabang 
2Microbiology Department, Faculty of Science, Burapha University  

Received  :   19   February   2020 
Revised  :     2   June   2020 

Accepted   :    11   June   2020 
 

บทคัดย่อ 
Rhodopseudomonas sp. S12-13 เป็นเชือ้สายพนัธุ์กลายจากสายพนัธุ์พ่อแม่ Rhodopseudomonas S12 ที่ได้รับ

การฉายแสงอัลตร้าไวโอเลตเพื่อชักน าการกลายพันธุ์    สายพันธุ์กลาย S12-13 มีความสามารถในการย่อยสลายแป้งมนั
ส าปะหลงั และให้การสร้าง coenzyme Q10 ปริมาณสงูถึง 148.12±21.74 µg/L เมื่อน ามาเลีย้งเชือ้ในอาหาร AM medium ที่
มีแหลง่คาร์บอน และแหลง่ไนโตรเจน เป็น 2% แป้งมนัส าปะหลงั และ 1% กลตูาเมต ตามล าดบั แต่สายพนัธุ์พ่อแม่ S12 ให้
การสร้าง coenzyme Q10 เพียง 12.51±1.34 µg/L เมื่อเลีย้งเชือ้ในอาหาร AM medium  เชือ้สายพนัธุ์กลาย S12-13 ให้การ
สร้าง coenzyme Q10 สงูสดุ เพิ่มขึน้เป็น 186.91±28.97 µg/L เมื่อน ามาเลีย้งเชือ้ในขวดทรงสีเ่หลีย่ม (rectangle bottle) ซึง่มี
พืน้ที่รับแสง 200 ตารางเซ็นติเมตร  ขณะที่การเลีย้งเชือ้ในขวดทรงกระบอก (cylindrical bottle) ซึ่งมีพืน้ที่รับแสงเพียง 143 
ตารางเซ็นติเมตร จะให้การสร้าง coenzyme Q10 เพียง 151.70±21.64 µg/L 
 

ค าส าคัญ  :  การยอ่ยแป้งมนัส าปะหลงั ; coenzyme Q10 ; Rhodopseudomonas sp. 
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Abstract 

 Rhodopseudomonas sp.  S12- 13 was retrieved from the mutation of the wild type, Rhodopseudomonas 
S12, by UV- irradiation.  The mutant, S12-13 contained the cassava starch digestibility resulting in the high amount 
of coenzyme Q10 production at 148.12±21.74 µg/L when cultivating in AM medium containing of 2% cassava 
starch and 1% glutamate as carbon and nitrogen sources, respectively.  In case of wild type, S12, the coenzyme 
Q10 production was only 12.51±1.34 µg/L when cultivating in AM medium.  Mutant S12- 13 produced maximal 
coenzyme Q10 (186.91±28.97 µg/L), when it was cultivated in the rectangle bottle, that contained 200 cm2 of light 
exposure surface area.  For the cultivation in cylindrical bottle, which contained 143 cm2 of light exposure surface 
area, one would produce 151.70±21.64 µg/L of coenzyme Q10. 
 

Keywords :  cassava starch digestion ; coenzyme Q10 ; Rhodopseudomonas sp. 
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Introduction 
Rhodopseudomonas sp. , a purple non- sulfur photosynthetic bacteria, contains carotenoids and 

photosynthetic pigments, bacteriochlorophylls that converts light energy into chemical energy by the process of 
anoxygenic photosynthesis.  Moreover, it can grow autotrophically with CO2 as the sole carbon source (Pfennig, 
1969). Bacteriochlorophylls and various carotenoids are active components of light harvesting complexes in purple 
non-sulfur photosynthetic bacteria.  Both compounds play different functional roles and absorb light in different 
wavelengths ranging from 700 to 1000 nm. Incandescent light (from a tungsten lamp) and halogen lamp are often 
used for illumination when cultivating purple non-sulfur photosynthetic bacteria, as they emit wide spectra absorbed 
by carotenoids, namely 450–550 nm, and by bacteriochlorophylls, namely 715–1050 nm (Kuo et al., 2012). 

Coenzyme Q10, which is known as ubiquinone 1 0 , has a quinone skeleton and a long hydrophobic 
isoprenoid side-chain, as shown in Figure 1 .  The species of coenzyme Q vary among organisms due to the 
difference in the length of the isoprenoid side chain, which is determined by polyprenyl diphosphate synthase (Cluis 
et al., 2007; Jeya et al., 2010). Coenzyme Q10 occurs widely in animals, plants, and the cells of microorganisms. 
It plays a crucial role in participation with ATP production of the mitochondrial electron transport chain.  Due to its 
antioxidant activity, coenzyme Q10 is used not only as a medicines and cosmetics but also as a food supplement 
due to its various physiological activities.  The production of coenzyme Q10 by microbes is a successful approach 
for generating large amounts of this natural product (Kuo et al. , 2012 ) .  However, coenzyme Q10 has some 
drawbacks such as its instability against heat and light and its poor oral absorption due to the high hydrophobicity 
(Stocker et al., 1991; Thomas et al., 2001; Fuller et al., 2006). 

 
 
 
 
 
 
 
                 Figure 1  Chemical structures of coenzyme Q10 (Miyamoto et al., 2009) 
 
It has been found that photosynthetic bacteria contain the highest coenzyme Q10 concentrations in nature 

(Carr & Exell, 1965). Recently, some studies on the production of coenzyme Q10 by microorganisms have focused 
on the development of potent strains by conventional mutagenesis and metabolic engineering (Okada et al., 1998; 
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Yoshida et al. , 1998; Park et al. , 2005; Kim et al. , 2006; Jiang & Yu, 2007) .  To date, production of coenzyme Q10 
is produced by one of three methods: extraction from biological tissues (Laplante et al., 2009), chemical synthesis 
(Ehud & Doron, 1988) , and microbial fermentation (Yoshida et al. , 1998) .  Currently, microbial fermentation is the 
most viable method for coenzyme Q10 production (Lu et al. , 2013; Yuting et al. , 2010)  because of the ability to 
produce biologically potent coenzyme Q10 without optical isomers and at reduced costs (Tian et al. , 2 010 ) . 
Margaritis and Vogrinetz (1983)  and Ndikubwimana and Lee (2014)  found that types of C-source and N-source 
and pH level presented the strong effect on cell growth and coenzyme Q10 production from Rhodopseudomonas 
sp. Light intensity is also a very important factor in photosynthetic bacteria growth (Zhou et al., 2014). 

This study aimed to maximize the coenzyme Q10 production of Rhodopseudomonas sp.  S12 by UV 
mutation and select the mutant contained the cassava starch digestibility. The optimal carbon and nitrogen sources 
for coenzyme Q10 production by the mutant were studied. 
 
Methods 
Materials 
Microorganism and cultivation 

Rhodopseudomonas sp. S12 was cultivated in AM medium, contained Na-acetate (5.0 g), glutamate (10.0 
g), KH2PO4 (10.0 g) and yeast extract (1.0 g) and deionized H2O (1000 ml) at pH 6.8-7.2, for 7 days in N2 atmosphere 
at 35-40 oC with 1500 lux (Manjean et al., 2012). 
Strain improvement by UV mutation 

The mutation of Rhodopseudomonas sp. S12 was carried by UV-irradiation exposure (253 nm, TUV30Wt8, 
Phillips). The cell suspension of Rhodopseudomonas sp. S12, (1.0 of OD 600 nm), was treated with UV-irradiation 
at 5, 10, 15, 20 and 25 min, respectively, at the distance of 30 cm.  One-ml of treated sample was spread on AM 
agar with cassava starch as C-source and then incubation in N2 atmosphere at 35-40 oC under 1500 lux of halogen 
lamp (Osram, Germany) for 7-10 days. The cassava starch utilized mutant was selected by iodine test. The mutant 
presented the clear zone was selected and maintained in deep tube of AM agar. 
Inoculum preparation 

The selected mutant that showed the maximal clear zone of cassava starch digestibility was stab in deep 
tube AM agar and then incubated under 1500 lux at 35-40 oC for 7 days.  One- loop of selected mutant transferred 
to 10 ml of AM broth, contained in 15-ml test tube, and then incubated in the same condition.  1.0% of this culture 
was used as an inoculum for the further experimentations. 
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Effect of carbon sources on coenzyme Q10 production 
1.0 % inoculum of selected mutant was transferred to 200 ml of AM medium in rectangle bottle.  The C-

source in AM medium was varied by using 0. 5, 1. 0 and 1. 5%  of Na- acetate, glucose and cassava starch 
concentration, respectively.  The cultivation was carried under anaerobic condition with 1500 lux at 35-40 oC for 7 
day. Triplicate samples were examined for the cell growth and coenzyme Q10 production. 
Effect of nitrogen sources on coenzyme Q10 production 

1.0 % inoculum of selected mutant was transferred to 200 ml of AM medium in rectangle bottle.  The N-
source in AM medium was varied by using 0.5, 1.0 and 1.5% of glutamate, (NH4) 2SO4 and NaNO3 concentration, 
respectively.  The cultivation was carried under anaerobic condition with 1500 lux at 35-40 oC for 7 day.  Triplicate 
samples were examined for the cell growth and coenzyme Q10 production. 
Effect of light exposure surface area on coenzyme Q10 production 

The cultivation of selected mutant was cultivated with 200 ml of optimal medium formula in 250-ml 
cylindrical bottle and rectangle bottle, which indicated the light exposure area of 143 cm2 and 200 cm2, respectively. 
The cultivation was carried under anaerobic condition with 1500 lux at 35-40 oC for 7 day. Triplicate samples were 
examined for the cell growth and coenzyme Q10 production. 
Analytical methods 

The cell growth was determined by dry cell weight. About 5-ml of culture was centrifuged with 8000x g for 
15 min and then dried at 70 oC overnight to a constant weight.  The extracted coenzyme Q10 from the selected 
mutant of Rhodopseudomonas sp. was analyzed by the method of Matsumura et al. (1983) and Jeong et al. (2008) 
with modifications.  The cell pellet, which retrieved from the centrifugation, was used to extract by mixing with a 
solvent mixture of ethanol and hexane (1:2, v/v)  for 1 hr.  The heavy phase was collected and applied for the 
coenzyme Q10 analysis by HPLC (LC-10AD, Shimadzu, Columbia, MD)  with a μBondapak C18 (3.9 mm × 300 
mm, Waters, Milford, MA) coupled to a UV detector (SPD-10A, Shimadzu, Columbia, MD). The column was eluted 
with ethanol and methanol (9:1, v/v)  at a flow rate of 1.0 ml/min and a chromatogram was obtained by monitoring 
the absorbance at 275 nm identified and quantified by known concentrations of coenzyme Q10 standard (Sigma–
Aldrich, St. Louis, MO). 

 
Results 
Strain improvement by UV mutation 

The retrieved mutant was pointed inoculation technique on the AM agar with cassava starch as C-source 
and cultivated under N2 atmosphere at 35 -40  oC and 1500  lux of halogen lamp for 7 -10  days.  The mutant with 
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cassava starch digestive zone was observed by iodine detection.  Only 8  selected mutants showed the cassava 
starch digestive zone (Table 1). 
 
Table 1  The cassava starch digestibility of 8 selected mutants from UV mutation on Rhodopseudomonas sp. S12 
 

Isolate Growth zone (Gz) 
(cm) 

Clear zone (Cz) 
(cm) 

Digestibility  

(Cz/Gz) 

S12 (wild type) 
12-13 

12-14 

12R1 

12R2 

12R3 

12R4 

12C1 

12C2 

0.25  0.25  1.00 

1.10 4.25 3.86 

0.95 

1.00 

0.75 

0.45 

0.65 

0.55 

0.35 

2.35 

1.50 

1.62 

0.65 

0.95 

0.75 

0.45 

0.25 

1.50 

2.16 

1.44 

1.46 

1.36 

1.28 

 

The Rhodopseudomonas sp. mutant, isolate S12-13 showed the largest cassava starch digestibility of 3.86 
times than the others. Figure 2 shows the cassava starch digestibility of S12-13. Therefore, S12-13 would be used 
for the further experiments. 
 
 
 
 
 
 
 
 
 
                           Figure 2  The cassava starch digestibility of some mutants shows the growth zone 
                                           and clear zone. 
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Effect of carbon source on coenzyme Q10 production 
The Rhodopseudomonas sp. S12-13 was cultivated in AM medium by using 0.5, 1.0, 2.0 and 3.0% of Na-

acetate, glucose and cassava starch as C-source, respectively.  The cultivation was carried on 200 ml medium in 
cylindrical bottle and incubated anaerobic condition under 1500 lux at 35-40 oC for 7 days.  Figure 3 shows the 
coenzyme Q10 production in various types and concentrations of C-source.  The result showed that the cultivation 
in AM medium with 2% of cassava starch as C-source presented the maximum coenzyme Q10 production at 
151.70±10.23 µg/L.  In case of 3% cassava starch, the high viscosity might cause some effect on cell dispersion 
during the first state of cultivation.  However, 2% and 3% glucose concentration indicated the inhibition effect on 
cell growth. The 2% of cassava starch would be used for the further experiment. 

 

 

Figure 3  The cell growth and coenzyme Q10 production of S12-13 that was cultivated in AM medium containing  
                0.5%, 1.0%, 2.0% and 3.0% of Na-acetate, glucose and cassava starch, respectively. The incubation  
                was carried on anaerobic condition with 1500 lux at 35-40 oC for 7 days. 
 
Effect of nitrogen source on coenzyme Q10 production 

2.0% of cassava starch would be used as the C-source in AM medium. 0.5, 1.0, 2.0 and 3.0% of glutamate, 
(NH4)2SO4 and NaNO3 were tested for the optimal N-source for coenzyme Q10 production by S12-13. The cultivation 
was carried on 200 ml medium in cylindrical bottle and incubated anaerobic condition under 1500 lux at 35-40 oC 
for 7 days.  Figure 4 shows the coenzyme Q10 production in various types and concentrations of N-source.  The 
result showed that the cultivation in AM medium with 1% of glutamate as N-source gave the maximum coenzyme 
Q10 production at 148.12±15.72 µg/L.  The coenzyme Q10 decreased as glutamate concentration was increased 
to 2.0% and 3.0%.  In case of (NH4) 2SO4 and NaNO3, the cell growth and coenzyme Q10 production were lower 
than glutamate.  It was found the final pH of the cultures in glutamate, (NH4) 2SO4 and NaNO3 were about 7.2, 5.6 
and about 8.8, respectively. 
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Figure 4  The cell growth and coenzyme Q10 production of S12-13 that was cultivated in AM medium containing  
                0.5%, 1.0%, 2.0% and 3.0% of glutamate, (NH4)2SO4 and NaNO3, respectively. The incubation was  
                carried on anaerobic condition with 1500 lux at 35-40 oC for 7 days. 
 
Effect of light exposure surface area on coenzyme Q10 production 

The optimal medium for coenzyme Q10 production was composed of 2.0% cassava starch and 1.0% 
glutamate as C-source and N- source, respectively.  The cultivation of S12-13 was conducted in cylindrical bottle 
and rectangle bottle which had the light expose area at 143 cm2 and 200 cm2, respectively.  The cultivation was 
incubated anaerobic condition at 35-40 oC under 1500 lux for 7 days. The result is shown in Figure 5. The coenzyme 
Q10 production by cultivated in rectangle bottle gave the maximal value at 186.91±28.97 µg/L that higher than one 
with cylindrical bottle (151.70±21.64 µg/L). It was indicated that the higher light expose area the lower light shading. 
Light is one of the essential factors for the growth and coenzyme Q10 from Rhodopseudomonas sp. S12-13. 
 
 
 
 
 
 
 
 
 
     Figure 5  The cell growth and coenzyme Q10 production of S12-13 that was cultivated in 200 ml of optimal  
                     medium with surface area of 143 cm2 (cylindrical bottle) and 200 cm2 (rectangle bottle), respectively.  
                    The incubation was carried on anaerobic condition with 1500 lux at 35-40 oC for 7 days. 
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Discussion 
Rhodopseudomonas sp. S12 produced 12.51±1.34 µg/L of coenzyme Q10 when cultivated in AM medium. 

While the mutant S12-13 gave 19.21±4.91 µg/L in the same medium.  After medium optimization, the production 
was increased to 148.12±21.74 µg/L. The mutant S12-13 showed the cassava starch digestibility resulting in high 
growth and coenzyme Q10 production, but the wild type did not assimilate cassava starch as C-source.  The Na-
acetate and glucose concentrations were increased resulting in the more substrate inhibition.  Meanwhile, glucose 
showed the serious inhibition effect on cell growth of the mutant S12-13.  For using (NH4) 2SO4 as N-source, it was 
found that the final pH of all experiments was in acidic value (about 5.6) .  In case of NaNO3, the final pH of all 
experiments was in alkaline value (about 8.9). The pH changing during the cultivation might relate to the coenzyme 
Q10 production.  The high glucose concentration and pH level showed the strong inhibition effect on cell growth 
and product formation of Rhodopseudomonas sphaeroides VM 81 (Margaritis & Vogrinetz, 1983). Ndikubwimana 
and Lee (2014) found that the pH might be the key factors affecting coenzyme Q10 production. When the surface 
area of light exposure was increased from 148 cm2 to 200 cm2, the cell growth and coenzyme Q10 were improved 
due to the light shading was minimized. Light is also a very important factor in photosynthetic bacteria growth since 
photosynthetic bacteria convert light energy into chemical energy via anaerobic photosynthesis (Zhou et al., 2014). 
 
Conclusions 

Rhodopseudomonas sp.  S12-13 was retrieved from the mutation of the wild type, Rhodopseudomonas 
S12, by UV- irradiation.  The mutant, S12-13 contained the cassava starch digestibility resulting in the high amount 
of coenzyme Q10 production (148.12±21.74 µg/L)  when cultivating in 2% cassava starch and 1% glutamate as 
carbon and nitrogen sources, respectively.  In case of wild type, S12, the coenzyme Q10 production was only 
12.51±1.34 µg/L when cultivating in AM medium. The high glucose concentration and pH level showed the strong 
inhibition effect on cell growth and coenzyme Q10 formation of Rhodopseudomonas sp.  S12-13.  For mutant S12-
13, the cassava starch digestion might release the suitable glucose residue to compromise the glucose effect. 
Mutant S12-13 produced maximal coenzyme Q10 (186.91±28.97 µg/L) , when it was cultivated in the rectangle 
bottle, that contained 200 cm2 of light exposure surface area. For the cultivation in cylindrical bottle, which contained 
143 cm2 of light exposure surface area, one would produce 151.70±21.64 µg/L of coenzyme Q10. Light is also the 
other factors that affected cell growth and coenzyme Q10 production of S12-13. 
 
 
 



                           
                          วารสารวิทยาศาสตร์บรูพา ปีที่ 26 (ฉบบัที่ 1) มกราคม – เมษายน พ.ศ. 2564 

                          BURAPHA SCIENCE JOURNAL Volume 26 (No.1)  January – April   2021                                                    บทความวิจยั 

 

 

 114 
 

References 
Carr, N. G., & Exell, G. (1965). Ubiquinone concentrations in Athiorhodaceae grown under various environmental 

conditions. Biochemical Journal, 96, 688-692. 
 
Cluis, C.  P. , Burja, A.  M. , & Martin, V.  J.  J.  (2007) .  Current prospects for the production of coenzyme Q10 in 

microbes. Trends Biotechnology, 25, 514-521. 
 
Ehud, I., & Doron, E. (1988). Total synthesis of polyprenoid natural products via Pd (O)-catalyzed oligomerizations. 

Pure and Applied Chemistry, 60, 89–98. 
 
Fuller, B., Smith, D., Howerton, A., & Kern, D. (2006). Anti-inflammatory effects of CoQ10 and colorless carotenoids. 

Journal of Cosmetic Dermatology, 5, 30-38. 
 
Jeong, S.  K. , van Dao, T. , Kien, N. , & Kim, J.  K.  (2008) .  Effect of pH and light irradiation on coenzyme Q10 

production using Rhodobacter sphaeroides. Journal of Fish Science and Technology, 11(4), 219-223. 
 
Jeya, M., Moon, H. J., Lee, J. L., Kim, I. W., & Lee, J. K. (2010). Current state of coenzyme Q10 production and its 

applications. Applied Microbiology and Biotechnology, 85, 1653-1663. 
 
Jiang, S. Y., & Yu L. J. (2007). The pathway for CoQ biosynthesis in microorganisms and the recent progress in the 

genetic improvement of microbial strains for CoQ10 production with the aid of molecular biological 
methods. China Biotechnology, 27, 103-112. 

 
Kim, S. J., Kim, M. D., Choi, J. H., Kim, S. Y., Ryu, Y. W., & Seo, J. H. (2006). Amplification of 1-deoxy-d-xylulose 5-

phosphate (DXP)  synthase level increases coenzyme Q10 production in recombinant Escherichia coli. 
Applied Microbiology and Biotechnology, 72, 982-985. 

 
Kuo, F.  S. , Chien, Y.  H. , & Chen, C.  J.  (2012) .  Effects of light sources on growth and carotenoid content of 

photosynthetic bacteria Rhodopseudomonas palustris. Bioresource Technology, 113, 315–318. 
 



                           
                          วารสารวิทยาศาสตร์บรูพา ปีที่ 26 (ฉบบัที่ 1) มกราคม – เมษายน พ.ศ. 2564 

                          BURAPHA SCIENCE JOURNAL Volume 26 (No.1)  January – April   2021                                                    บทความวิจยั 

 

 

 115 
 

Laplante, S. , Souchet, N. , & Bryl, P.  (2009) .  Comparison of low temperature processes for oil and coenzyme Q10 
extraction from mackerel and herring. European Journal of Lipid Science and Technology, 111(2),  
135–141. 
 

Lu, W., Shi Y., He, S., Fei, Y., Yu, K., & Yu, H. (2013). Enhanced production of CoQ10 by constitutive overexpression 
of 3- demethyl ubiquinone- 9 3- methyltransferase under tac promoter in Rhodobacter sphaeroides. 
Biochemical Engineering Journal, 72, 42–47. 

 
Manjeen, N. , Phunpruch, S. , & Krairak, S.  (2012) .  Hydrogen production by photosynthetic bacteria strain OS33 

using domestic waste as carbon source.  pp.  206-210.  In The 23rd Annual Meeting of the Thai Society for 
Biotechnology, 1-2 February 2012, The Imperial Queen’s Park Hotel, Bangkok. 

 
Margaritis, A. , & Vogrinetz, J.  (1983) .  The effect of glucose concentration and pH on hydrogen production by 

Rhodopseudomonas sphaeroides VM 81. International Journal of Hydrogen Energy, 8(4), 281-284. 
 
Matsumura, M. , Kobayashi, T. , & Aiba, S.  ( 1983) .  Anaerobic production of ubiquinone- 10 by Paracoccus 

dentrificans. European Journal of Applied Microbiology and Biotechnology, 17(2), 85-89. 
 
Miyamoto, S., Kawai, A., Higuchi, S., Nishi, Y., Tanimoto, T., Uekaji, Y., Nakata, D., Fukumi, H., & Terao, K. (2009). 

Structural studies of coenzyme Q10 inclusion complex with -cyclodextrin using chemical analyses and 
molecular modeling. Chem-Bio Informatics Journal, 9, 1-11. 

 
Ndikubwimana, J.  D. , & Lee, B.  H.  (2014) .  Enhanced production techniques, properties and uses of coenzyme 

Q10. Biotechnology Letter, 36(10), 1917–1926.  
 
Okada, K. , Kainou, T. , Tanaka, K. , Nakagawa, T. , Matsuda, H. , & Kawamukai, M.  (1998) .  Molecular cloning and 

mutational analysis of the ddsA gene encoding decaprenyl diphosphate synthase from Gluconobacter 
suboxydans. European Journal of Biochemistry, 255, 52-59. 

 
 



                           
                          วารสารวิทยาศาสตร์บรูพา ปีที่ 26 (ฉบบัที่ 1) มกราคม – เมษายน พ.ศ. 2564 

                          BURAPHA SCIENCE JOURNAL Volume 26 (No.1)  January – April   2021                                                    บทความวิจยั 

 

 

 116 
 

Park, Y. C., Kim, S. J., Choi, J. H., Lee, W. H., Park, K. M., Kawamukai, M., Ryu, Y. W., & Seo, J. H. (2005). Batch 
and fed-batch production of coenzyme Q(10)  in recombinant Escherichia coli containing the decaprenyl 
diphosphate synthase gene from Gluconobacter suboxydans.  Applied Microbiology and Biotechnology, 
67(2), 192–196. 

 
Pfennig, N. (1969). Rhodopseudomonas acidophila, sp. n., a new species of the budding purple nonsulfur bacteria. 

Journal of Bacteriology, 99, 597–602. 
 
Stocker, R. , Bowry, V.  W. , & Frei, B.  (1991) .  Ubiquinol-10 protects human low density lipoprotein more efficiently 

against lipid peroxidation than does - tocopherol. Proceedings of the National Academy of Sciences of 
the United States of America, 88, 1646 –1650. 

 
Tian, Y., Yue, T., Yuan, Y., Soma, P. K., Williams, P. D., Machado, P. A., Fu, H., Kratochvil, R. J., Wei, C. I., & Lo, Y. 

M.  ( 2010) .  Tobacco biomass hydrolysate enhances coenzyme Q10 production using photosynthetic 
Rhodospirillum rubrum. Bioresource Technology, 101, 7877-7881. 

 
Thomas, S. R., Leichtweis, S. B., Pettersson, K., Croft, K. D., Mori, T. A., Brown, A. J., & Stocker, R. (2001). Dietary 

co-supplementation with vitamin E and coenzyme Q10 inhibits atherosclerosis in apolipoprotein E gene 
knockout mice. Arteriosclerosis, Thrombosis, and Vascular Biology, 21, 585-593. 

 
Yoshida, H., Kotani, Y., Ochiai, K., & Araki, K. (1998). Production of ubiquinone-10 using bacteria. The Journal of 

General and Applied Microbiology, 44, 19-26. 
 
Yuting, T. , Tianli, Y. , Jinjin, P. , Yahong, Y. , Juhai, L. , & Martin, L.  Y.  (2010) .  Effects of cell lysis treatments on the 

yield of coenzyme Q10 following Agrobacterium tumefaciens fermentation. Food Science and Technology 
International, 16, 195–203. 

 
Zhou, Q., Zhang, P., & Zhang, G. (2014). Biomass and carotenoid production in photosynthetic bacteria wastewater 

treatment: Effect of light intensity. Bioresource Technology, 171, 330–335. 
 


