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ABSTRACT INFO ABSTRACT

Short Communication Different strains of a bacterial culture can undergo phenotypic variation upon 
continuous passages. These changes often cause a reduction or loss of 
bacterial metabolic potential and ultimately lead to a decrease in production 
yield. The aim of this study was to address this question; is it possible to restore 
the reduced coenzyme Q10 production of a varied strain of Gluconobacter to a 
higher level? The main strain studied in this study was Gluconobacter japonicus 
FM10, from which the FM20 strain was obtained. FM20 strain was a varied 
strain whose ability on coenzyme Q10 production was reduced during some 
continuous passages. FM30 strain was obtained from FM20 strain by restricting 
the available oxygen. The amount of coenzyme Q10 produced by all three 
strains was measured. The activities of glycerol dehydrogenase and sorbitol 
dehydrogenase were also measured. The results showed that coenzyme Q10 
production in FM30 strain that had been exposed to restricted oxygen was 
several times higher (6.3 mg/L) than the varied FM20 strain (0.8 mg/L), and 
even the original FM10 strain (2.7 mg/L). The investigation of the enzymes 
activities showed that glycerol dehydrogenase and sorbitol dehydrogenase 
activities of FM30 strain were higher than those of the others (0.66 and 0.52 
U mg-1, respectively).  It can be concluded that by using some strategies, the 
metabolic potential of some varied strains can be restored. For strictly aerobic 
bacteria, Gluconobacter, the oxygen restriction may be an effective strategy for 
the restoration of coenzyme Q10 production ability.
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INTRODUCTION
Gluconobacter is a genus of acetic acid bacteria, well 
known to have a strong ability to oxidize a broad 
range of sugars and sugar alcohols. These oxidations 
are called oxidative fermentation (Liu et al., 2021). 
The presence of membrane-bound dehydrogenases 
located on the outer surface of the cytoplasmic 
membrane causes the oxidation of substrates. The 
reduced compounds are accumulated in the culture 
medium (Adachi et al., 2016). These features of the 
microorganism lead to the applications in industry for 
fermentation of valuable products such as vitamin C, 
dihydroxyacetone, 6-amino-L-sorbose (a key mediator 
in the synthesis of the anti-diabetic drug miglitol), 
shikimate and 3-dehydrochikimate (Liu et al., 2020). 
Gluconobacter japonicas was first described by 
Malimas in 2009 (Malimas et  al., 2009; Moghadami 
and Hosseini, 2020). There are a few studies concerning 
Gluconobacter japonicas to produce industrial 
products (Priya et al., 2015; Moghadami et al., 2021). 

Phenotypic variation is a common phenomenon in 
the bacterial cultures. It may last for a few generations 
or may persist for many generations to come. This 
phenomenon has been studied by many researchers and 
several reasons have been proposed. These variations 
may be in response to stresses or be caused by genetic or 
epigenetic alterations (Smits et al., 2006). Stochasticity 
in gene expression along with the constitute of the gene 
network modulating the cellular processes can induce 
phenotypic variation (Santillan et al., 2007).

Coenzyme Q10 (CoQ10) with ten isoprenoid units as 
the side chain, is the vitamin-like lipophilic antioxidant 
produced by human mitochondria. This molecule is 
an obligatory cofactor in the aerobic respiratory chain 
that produces ATP (Dieu Ndikubwimana and Lee, 
2014). It is widely used as a supplement to increase 
energy and immunity, as well as an anti-inflammatory 
and anti-aging supplement. It is also used to treat 
Parkinson’s disease, Huntington’s, cancer, AIDS and 
muscular dystrophy (Kapoor et al., 2013). The wide 
range of applications for CoQ10  in the pharmaceutical 
and cosmetic industries has led to a strong desire to 
produce it on a large scale (Lee et al., 2017).

In our previous study (Moghadami et  al., 2019), 
it was shown that the thermotolerant Gluconobacter 
japonicus FM10 is a CoQ10  natural producer. Here, the 
characterization of Gluconobacter japonicus FM10 
strain and its two derived strains were investigated for 
CoQ10, glycerol dehydrogenase (GLDH) and sorbitol 
dehydrogenase (SLDH) activity and thermostability 
to address this question; is it possible to restore the 

reduced CoQ10 production potential of a varied strain 
of Gluconobacter japonicus FM10?

MATERIALS AND METHODS
Microorganisms
The microorganism used in this study, Gluconobacter 
japonicus FM10 was isolated and identified previously 
(Moghadami et al., 2019). Two strains were created in 
this study; FM20 and FM30. FM20 strain is a varied 
strain created from FM10 strain during some continuous 
passages on  GYC medium. The FM30 strain was 
obtained from the FM20 strain through restricting 
available oxygen. The suspension of FM20 strain was 
inoculated into the tubes containing 5-mL of the seed 
culture. Then, 1 mL of sterile liquid paraffin was added 
to the tubes. The tubes were incubated at 30 °C for 72 
h. and 0.1 mL of the suspension was struck on the GYC 
medium.

Chemicals and media
The reference CoQ10 standard was purchased from 
Sigma-Aldrich Co. with CAS number 303-98-0 
(≥98%- HPLC). All other chemicals were of analytic-al 
grade from standard suppliers. This strain was maintained 
on the GYC medium (glucose 50 g/L, yeast extract 
10 g/L, CaCO3 30 g/L, Agar 25 g/L) for 2-3 months, 
in a frozen state at -70 °C as stock. The seed culture 
contained 20 g/L sorbitol, 3 g/L yeast extract, and 3 g/L 
peptone, and the CoQ10 production culture contained 
110 g/L sorbitol, 25 g/L yeast extract, 35 g/L peptone, 
0.5 g/L KH2PO4, and 0.55 g/L MgSO4 (Moghadami 
et al., 2021). All experiments were performed in 250-
mL flasks containing 100 mL of medium with pH: 6.5, 
agitation speed of 180 rpm, and incubation temperature 
of 30 °C. Extraction of CoQ10 and measurement of dry 
cell weight were performed after 40 h of growth.

Extraction and analysis of CoQ10
The cells in 1 mL culture of Gluconobacter japonicus 
FM10 were harvested at 9000×g for 15 min. The pellets 
were washed with 1 mL of distilled water and suspended 
in 0.5 mL of the Cell Lytic B (Sigma- Aldrich). After 
30 min incubation at 30 °C and shaking well, 1 mL of 
hexane: 2-propanol (5:3) was added to the solution and 
mixed well. The upper phases were transferred into 
new tubes and after adding 0.5 mL hexane and mixing 
vigorously, the upper phase was re-transferred into the 
tube. After evaporation, 0.5 mL ethanol was added to 
the dried residue. Analysis of CoQ10 was performed 
by high-performance liquid chromatography (Agilent 
1120, USA) with a Thermo scientist C18 column (250 
mm×4.5 mm×5 µm) coupled to a UV detector with 
ethanol: methanol (70:30) as the mobile phase at a flow 



Iranian Journal of Genetics and Plant Breeding, 10(1): 31-37, (2021)

33

rate of 1 mL/min and CoQ10 was detected at 275 nm. 

Measurement of dry cell weight
For the Dry Cell Weight (DCW) determination, 1 mL 
of the cultures was centrifuged at 9000×g for 15 min, 
washed twice and dried at 60 °C overnight to reach a 
constant weight.

Thermo stability of the strains
Since FM10 strain was found to be a thermotolerant 
bacterium (Moghadami et al., 2019), to study the 
thermo stability of FM20 and FM30 strains, three 
strains were cultured in GYC medium at 37, 38, 39 and 
40 °C for 48 h. Then, the colony formation was studied 
(Moghadami et al., 2018).

Preparation of membrane fractions
Cells grown in the shaking incubator were harvested 
after 40 h by centrifugation at 9000×g for 15 min. The 
preparation of membrane fractions was performed 
by the method described previously (Shinagawa and 
Ameyama, 1989) with a modification, i.e. the cells 
were lysed by the sonicator (Misonix, USA) 10 min 
with 5 intervals for 4 times.

GLDH and SLDH enzymes assay 
The GLDH and SLDH activities were measured with 
ferricyanide as an electron acceptor as described 
previously (Shinagawa and Ameyama, 1989; Ameyama 
et al., 1985). One unit of enzyme activity was defined 
as the amount of enzyme catalyzing the oxidation of 
1 µmol of substrate per min. Four absorbance units 
equaled 1 µmol of the oxidized substrate. Protein 
concentration was measured by a modified Lowry 
method with bovine serum albumin as the standard 
(Shinagawa and Ameyama, 1989).

RESULTS
Morphological characteristics and acetic acid 
formation from ethanol
The difference of colony sizes in FM10, FM20, and 

FM30 was examined. The colonies of three strains are 
shown in Figure 1. The size of FM20 colonies was 
larger than FM10 and the size of FM30 colonies was 
smaller than FM10 colonies. 

Growth curves of FM10, FM20, and FM30 strains
The Growth curves of FM10, FM20 and FM30 strains 
were studied in 250 mL- baffled flasks for 72 h. The 
results showed that the FM30 reached the stationary 
phase in 32 h., while the FM20 strain reached the 
stationary phase in 44 h (Figure 2).

CoQ10 production 
The chromatograms of CoQ10 production by three 
different strains are compared in Figure 3. The results 
of CoQ10 production by three strains of FM10, FM20 
and FM30 are shown in Table 1. The result showed 
that the highest level of CoQ10 production was related 
to strain FM30 (6.3 mg/L) and the lowest level was 
related to FM20 strain (0.8 mg/L). The highest level 
of the specific content of Q10 was related to the FM30 
strain (1.4 mg/g DCW).

Thermo stability of FM10, FM20, and FM30 strains
Thermo stability of FM10, FM20, and FM30 strains 
was investigated by culturing three strains in GYC 
medium at 37, 38, 39, and 40 °C for 48 h. Three strains 
were also able to grow at 39 °C. They did not show any 
changes in thermostability.

GLDH and SLDH activities
In order to clarify the relationship between CoQ10 
production and GLDH and SLDH activities, the 
activity of these two enzymes were investigated in 
FM10, FM20, and FM30 strains in membrane fractions. 
The results showed that GLDH and SLDH activities of 
FM30 were higher than those of the others (0.66 and 0.52 
U mg-1, respectively). The lowest activities of GLDH 
and SLDH were observed in FM20 (0.37 and 0.22 U 
mg-1, respectively). The GLDH activity was higher than 
SLDH in the strains (Figure 4). Positive correlations 
were found between CoQ10 level and GLDH (r=0.95) 

 

 
Figure 1. The colonies of different strains of Gluconobacter japonicus.
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and SLDH (r=0.91) activities in different strains of 
FM10, FM20, and FM30.

DISCUSSION
The ability of bacteria to survive in diverse environments 
very much depends on their genetic makeup (Hallet et 
al., 2001; Low et al., 2001). However, environmental 
conditions including pH, salinity, temperature, and the 
availability of nutrients can strongly fluctuate the cells’ 
conditions. Besides the genetic makeup, the origin of 
phenotypic variation may reside in the modifications 
of the DNA (Smits et al., 2005). These alterations are 
epigenetic in nature since they have nothing to do with 
changes in DNA sequence, yet the phenotypes they 
cause to emerge can be inherited by daughter cells after 
division (Smits et al., 2008).

In order to discover any possible variations in the 
original culture of FM10 strain, some characters were 
investigated including the CoQ10 production, SLDH 
and GLDH enzymes activity and thermostability. 
The FM10 strain had a great variation so that after 
a few passages, it changed morphologically. CoQ10 
production by FM20 was less than FM10 strain. In this 
study, we added liquid paraffin to the tubes containing 
FM20 for restricting the oxygen availability. The 
FM30 strain colonies were smaller than the other two 
strains, which can mean that this strain produced less 
biomass than the other two strains. For this reason, 
the specific content of CoQ10 produced by FM30 was 

higher compared to the other two strains. In fact, the 
specific content of CoQ10 of the FM30 strain was about 
2.8 times higher than that of the FM10 strain. Probably 
the bacterium increased the production of CoQ10 when 
it was under oxygen depletion stress for compensating 
its effect. The effect of aeration and O2 level on CoQ10 
production has been the subject of several studies 
(Sakato et al., 1992; Seo and Kim, 2010). When the 
dissolved oxygen (DO) level decreased from 20 to 5% 
(Choi et al., 2005) and the DO level was kept between 
0 to 10 % (Ha et al., 2007) both in Agrobacterium 
tumefaciens and also anaerobic culture of Paracoccus 
denitrificans (Matsumura et al., 1983) an increase in the 
specific content of CoQ10 was observed. A mechanism 
has been proposed that as the final acceptor of electron 
(oxygen) in the respiratory chain decreases, electrons 
are trapped in quinone pool, leading to the accumulation 
of the reduced form of CoQ10 (CoQ10H2). Thus, in order 
to repair the imbalance in CoQ10/CoQ10H2, more CoQ10 
is synthesized (Cluis et al., 2012).

 

 

SC of CoQ10 
(mg/g DCW) 

DCW 
 (g/L) 

CoQ10        
(mg/L) Strain 

0.50 5.3±0.03 2.7±0.03 FM10 
0.10 7.7±0.06 0.8±0.09 FM20 
1.40 4.5±0.09 6.3±0.05 FM30 

Figure 2. The Growth curves of FM10, FM20, and FM30 strains in 250 mL- baffled flasks. The initial pH was 6.5 and the 
temperature was set at 30 °C. The cultivation was continued for 72 h. Forty hours after the initiation of culture was considered 
as the stationary phase in the FM10 strain.

Table 1. The amount of CoQ10 and the dry cell weight (DCW) 
in three strains.

SC: Specific Content of CoQ10.
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In our previous study, it was found that the 
Gluconobacter japonicus FM10 strain was able to 
produce the highest amount of CoQ10 in the presence of 
sorbitol as the carbon source (Moghadami et al., 2019). 
In the respiratory chain of Gluconobacter, D-Sorbitol 
is oxidized to L- sorbose through two membrane-bound 
dehydrogenases, glycerol dehydrogenase (GLDH) 
and sorbitol dehydrogenase (SLDH) (Matsushita, 
1994). For this reason, the activity of two enzymes, 

glycerol dehydrogenase and sorbitol dehydrogenase 
was investigated, which are involved in sorbitol 
metabolism. The results showed that the highest and 
lowest activities of glycerol dehydrogenase and sorbitol 
dehydrogenase enzymes were observed in strains 
FM30 and FM20, respectively. Positive correlations 
between CoQ10 level and GLDH (r=0.95) and SLDH 
(r=0.91) activities in FM10, FM20, and FM30 strains 
were observed. 

 

 

 

A

B

C

Figure 3.  HPLC chromatograms of CoQ10 production by A) FM10 B) FM20 and C) FM30 strains produced at 30 °C, pH 6.5, 
and 180 rpm. The peak in the retention time of 5.8 represents CoQ10.
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Strain FM10 was found to be a thermotolerant 
strain able to grow at 39 °C (Moghadami et al., 2019). 
Strain FM20 was still able to tolerate 39 °C after 
tolerating 10 subcultures. In the case of strain FM30, 
the thermotolerance did not change and it was still able 
to tolerate 39 °C. This means that the thermostability 
of strain FM10 did not change during the variation or 
depletion of oxygen.

CONCLUSION
It can be concluded that by exposing the varied 
strains of Gluconobacter under stress such as oxygen 
restriction, the ability to produce CoQ10 could be 
restored. The CoQ10  production and GLDH and SLDH 
activities in the strain exposed to the restricted oxygen 
was higher than the varied strain. The CoQ10 production 
enhancement was so high that it was even greater than 
the original strain. Gluconobacter produces several 
industrially important metabolites. It seems that the 
oxygen restriction may be used for Gluconobacter 
strains, in which the fermentation ability is reduced in 
industry. 

ACKNOWLEDGMENTS
The authors wish to thank Tehran Payam Noor 
University.

Author’s contributions
FM and RH designed the study. FM carried out the 
experiments. FM and RH wrote the manuscript. 

Conflicts of interest
The authors declare no conflict of interest.

Ethical approval
This article does not contain any studies with human 
participants or animals performed by any of the authors.

REFERENCES
Adachi O., and Yakushi T. (2016). Membrane-bound 

dehydrogenases of acetic acid bacteria. In: Matsushita 
K., Toyama H., Tonouchi N., and Okamoto-Kainuma 
A. (Eds.) Acetic acid bacteria: ecology and physiology. 
Tokyo: Springer, 273-297. DOI: 10.1007/978- 4-431-
55933-7_13.

Ameyama M., Shinagawa E., Matsushita K., and Adachi 
O. (1985). Solubilization, purification and properties 
of membrane-bound glycerol dehydrogenase 
from Gluconobacter industrius. Agricultural and 
Biological Chemistry, 49: 1001-1010. DOI: 10.1271/
bbb1961.49.1001.

Choi G. S., Kim Y. S., Seo J. H., and Ryu Y. W. (2005). 
Restricted electron flux increases coenzyme Q10 
production in Agrobacterium tumefaciens ATCC4452. 
Process Biochemistry, 40: 3225-3229. DOI: 10.1016/j.
procbio.2005.03.038.

Cluis C. P., Pinel D., and Martin V. J. (2012). The production 
of coenzyme Q10 in microorganisms. In: Wang X., Chen 
J., and Quinn P. (Eds.) Reprogramming microbial 
metabolic pathways. Dordrecht: Springer, 303-326. 
DOI: 10.1007/978-94-007-5055-5-15.

Dieu Ndikubwimana J., and Lee B. H. (2014). Enhanced 
production techniques, properties and uses of coenzyme 
Q10. Biotechnology Letters, 36(10): 1917-1926. DOI: 
10.1007/s10529-014-1587-1.

Ha S. J., Kim S. Y., Seo J. H., Oh D. K., and Lee J. K. 
(2007). Optimization of culture conditions and scale-up 
to pilot and plant scales for coenzyme Q10 production by 
Agrobacterium tumefaciens. Applied Microbiology and 
Biotechnology, 74(5): 974-980. DOI: 10.1007/s00253-
006-0744-4.

Hallet B., Jekyll P., and Hyde M. R. (2001). Combined 
mechanisms of phase variation in bacteria. Current 
Opinion in Microbiology, 4: 570-581.

Kapoor P., and Kapoor K. (2013). Coenzyme Q10-a novel 
molecule .Journal of Indian System of Medicine, 14(1): 
37-45.

Lee S. Q. E., Tan T. S., and Kawamukai M. (2017). Cellular 

 

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

FM10 FM20 FM30

E
nz

ym
e 

ac
tiv

ity
 (U

/m
g)

Figure 4. GLDH and SLDH activities of FM10, FM20, and FM30 strains. The cultivations were performed in baffled flasks at 33 
°C, pH 6.5 and 180 rpm for 40 h. GLDH and SLDH activities were measured in membrane fractions. Black: GLDH, Grey: SLDH.



Iranian Journal of Genetics and Plant Breeding, 10(1): 31-37, (2021)

37

factories for coenzyme Q10 production. Microbial Cell 
Factory, 16: 39. DOI: 10.1186/s12934-017-0646-4.

Liu D., Ke X., Hu Z. C., and Zheng Y. G. (2020). 
Combinational expression of D-sorbitol 
dehydrogenase and pyrroloquinoline quinone increases 
6-(N-hydroxyethyl)-amino-6-deoxy-α-L-sorbofuranose 
production by Gluconobacter oxydans through cofactor 
manipulation. Enzyme and Microbial Technology, 141: 
109670. DOI: 10.1016/j.enzmictec.2020.109670.

Liu L., Zeng W., Yu S., Li J., and Zhou J. (2021). Rapid 
enabling of Gluconobacter oxydans resistance to high 
D-sorbitol concentration and high temperature by 
Microdroplet-Aided Adaptive Evolution. Frontiers 
in Bioengineering and Biotechnology, 9: 1-12. DOI: 
10.3389/fbioe.2021.731247.

Low D. A., Weyand N. J., and Mahan M. J. (2001). Roles of 
DNA adenine methylation in regulating bacterial gene 
expression and virulence. Infection and Immunity, 69: 
7197-7204.

Malimas T., Yukphan P., Takahashi M., Muramatsu Y., 
Kaneyasu M., Potacharoen W., Tanasupawat S., 
Nakagawa Y., Tanticharoen M., and Yamada Y. (2009). 
Gluconobacter japonicus sp. nov., an acetic acid 
bacterium in the Alphaproteobacteria. International 
Journal of Systematic and Evolutionary Microbiology, 
59(3): 466-71. DOI: 10.1099/ijs.0.65740-0. PMID: 
19244423.

Matsumura M., Kobayashi T., and Aiba S. (1983). 
Anaerobic production of ubiquinone-10 by Paracoccus 
denitrificans. European Journal of Applied Microbiology 
and Biotechnology, 17(2): 85-89. DOI: 10.1007/
bf00499856.

Matsushita K., Toyama H., and Adachi O. (1994). 
Respiratory chains and bioenergetics of acetic acid 
bacteria. Advances in Microbial Physiology, 36: 247-
301. DOI: 10.1016/S0065-2911(08)60181-2.

Matsushita K., Toyama H., and Adachi O. (2004). 
Respiratory chains in acetic acid bacteria: membrane 
bound periplasmic sugar and alcohol respirations. In: 
Zannoni D. (Ed.) Respiration in archaea and bacteria. 
Advances in Photosynthesis and Respiration, Vol. 16, 
Springer, Dordrecht, 81-94.

Moghadami. F, Fooladi J., and Hosseini R. (2019). 
Introducing a thermotolerant Gluconobacter japonicus 
strain, potentially useful for coenzyme Q10 production. 
Folia Microbiologica, 64(4): 471-479. DOI: 10.1007/
s12223-018-0666-4.

Moghadami F., Fooladi J., Hosseini R., and Kalantari M. 

(2021). Optimization of coenzyme Q10 production by 
Gluconobacter japonicus FM10 using response surface 
methodology. Journal of Applied Biotechnology Reports, 
8(2): 172-179.

Moghadami F., and Hosseini R. (2020). Effect of iron and 
silver nanoparticles on coenzyme Q10 production by 
Gluconobacter japonicus FM10. Iranian Journal of 
Microbiology, 12(6): 592-600.

Moghadami F., and Soudi M. R. (2018). 
Characteristics of a thermotolerant acetic acid 
bacterium: Acetobacter sp.10. Modares Journal of 
Biotechnology, 9(2): 207-212.

Priya D., Manish K., and Ghowdary G. (2015) Microbial 
biotransformation of α -(+) – pinene by newly identified 
strain Gluconobacter japonicus MTCC 12284. 
International Journal of Development Research, 5(8): 
5270-5275.

Sakato K., Tanaka H., Shibata S., and Kuratsu Y. (1992). 
Agitation-aeration studies on coenzyme Q10 production 
using Rhodopseudomonas spheroides. Biotechnology 
Applied Biochemistry, 16(1): 19-28

Santillán M., Mackey M. C., and Zeron E.S. (2007). Origin 
of bistability in the lac operon. Biophysical Journal, 92: 
3830-3842.

Seo M. J., and Kim S. O. (2010). Effect of limited oxygen 
supply on coenzyme Q10 production and its relation 
to limited electron transfer and oxidative stress in 
Rhizobium radiobacter T6102. Journal of Microbiology 
and Biotechnology, 20: 346-349. DOI: 10.4014/
jmb.0909.09021.

Shinagawa E., and Ameyama M. (1989). D-sorbitol 
dehydrogenase from Gluconobacter suboxydance, 
membrane- bound. In: Wood W. A. (Ed.) Methods in 
enzymology. Vol. 89, Academic, New York, 141-145.

Smits W. K., Eschevins C. C., Susanna K. A., Bron S., 
Kuipers O. P., and Hamoen L. W. (2005). Stripping 
Bacillus: ComK auto-stimulation is responsible for 
the bistable response in competence development. 
Molecular Microbiology, 56: 604-614.

Smits W. K., Kuipers O. P., and Veening J. W. (2006). 
Phenotypic variation in bacteria: the role of feedback 
regulation. Nature Reviews Microbiology, 4(4): 259-71. 
DOI: 10.1038/nrmicro1381. PMID: 16541134.

Smits W. K., Veening J. W., and Kuipers O. P. (2008). 
Phenotypic variation and bistable switching in bacteria. 
In: El-Sharoud W. (Eds.) Bacterial physiology. Springer, 
Berlin, Heidelberg. DOI: https://doi.org/10.1007/978-3-
540-74921-9_12.


