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Coenzyme Q10 (CoQ10) is an essential lipid-soluble component of membrane-bound electron transport
chains. CoQ10 is involved in several aspects of cellular metabolism and is increasingly being used in
therapeutic applications for several diseases. Despite the recent accomplishments in metabolic engineering
of Escherichia coli for CoQ10 production, the production levels are not yet competitive with those by
fermentation or isolation. So we tested several microorganisms obtained from the KCTC of Biological
Resource Center to find novel sources of strain-development for CoQ10-production. Then we selected
two strains, Paracoccus denitrificans (KCTC 2530) and Asaia siamensis (KCTC 12914), and tested to
optimize the CoQ10 production conditions. Among the carbon sources tested, CoQ10 production was
the highest when fructose was supplied about 4% concentration. Yeast extract produced the highest
CoQ10 production about 2% concentration. The highest CoQ10 production was obtained at pH 6.0 for
P. denitrificans and pH 8.0 for A. siamensis. And two strains showed the highest CoQ10 production at
30°C, but the highest DCW was obtained at 37°C. In the fed-batch culture, P. denitrificans yielded
14.34£0.473 mg and A. siamensis yielded 12.53+0.231 mg of final CoQ10 production.
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Table 1. Composition M81 medium®

Minimal medium Trace element solution (SL-6)
KH>PO, 2.30 g|ZnSO4-7H,O 0.10 g
Na,HPO4-2H,O 290 g| MnCl;-4H,O 0.03 g
NH.Cl1 1.00 g|H3BO; 030 g
MgSO4- 7H,0 0.50 g| CoCl;-6H,O 0.20 g
NaHCO3 0.50 g|CuCL-2H,O 0.01 g
CaCl,-2H,0O 0.01 g|NiCl,-6H.O 0.02 g
Fe(NH,) citrate 0.05 g|Na:MoO42H,0 0.03 g
Trace element solution 5 ml|DW 1000 ml
(SL-6)

DW 980 ml
Agar (when required) 15.0 g

* Source: www.dsmz.de/microorganisms/html/strains/strain.dsm000065.html
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Fig. 1. Effect of culture medium and culture time on cell growth and
CoQ10 production. For flask culture, 5 ml of the culture broth was
transferred to a 500 ml baffled flask containing 100 ml of medium
to give ca. ODgp=0.1 and incubated at 37°C, 180 rpm. Cells were
grown in on M81 (minimal medium) or LB (rich medium).
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Fig. 2. Effect of carbon source and concentration on CoQ10 production. For flask culture, 5 ml of the culture broth was transferred to a 500
ml baffled flask containing 100 ml of M81 medium to give ca. ODgyo=0.1 and incubated at 37°C, pH 6.8, 180 rpm. (A) Effect of carbon
sources on CoQ10 production. (B) Effect of the concentration of carbon source on CoQ10 production.
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Fig. 3. Effect of nitrogen source and C/N ratio on CoQ10 production. For flask culture, 5 ml of the culture broth was transferred to a 500
ml baffled flask containing 100 ml of M81 medium supplement with fructose (4% in final) to give ca. ODe=0.1 and incubated at 37°C, pH
6.8, 180 rpm, for 11 h. (A) Effect of nitrogen sources on CoQ10 production. (B) Effect of C/N ratio on CoQ10 production.
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Fig. 4. Effect of culture temperature on CoQ10 production. For
flask culture, 5 ml of the culture broth was transferred to a 500 ml
baffled flask containing 100 ml of M81 medium supplement with
fructose (4% in final) and yeast extract (2% in final) to give ca.
ODgo=0.1 and incubated at pH 6.8, 180 rpm, for 11h.
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Fig. 5. Effect medium pH on CoQ10 production. For flask culture,
5 ml of the culture broth was transferred to a 500 ml baffled flask
containing 100 ml of M81 medium supplement with fructose (4% in
final) and yeast extract (2% in final) to give ca. ODgp=0.1 and
incubated at 30°C, 180 rpm, for 11 h.
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Fig. 6. Effect of shaking speed on CoQ1l0 production. For flask
culture, 5 ml of the culture broth was transferred to a 500 ml
baffled flask containing 100 ml of M81 medium supplement with
fructose (4% in final) and yeast extract (2% in final) to give ca.
ODgo=0.1 and incubated at 30°C, pH 6.0 (P. denitrificans) or pH
8.0 (A. siamensis), for 11 h.

o7F= AL BRISISItHFig. 7). A. siamensis & W A& &
TAIZE 304 Tl HiX] U] BE g©Addo] dEE AL R
SO H(Fig. 7), Bade] 1ZAEUS Wl 80 g9 fructoseS
200 mlo] FRF0l o RHE - FEs=t), B oA 104175,
13A1ZF whe]] ghaflo] = glow, wjek AR = 17A110]
AU ghAhYe JRFoz 1zdo] Holm A Y ODeo>
WHekA] fv AE FHSITHFE. 7). 22 WReE P
denitrificans®= AT A(AF vA|A)), FFEHo=Z wix] 1 L
2 P. denitrificans= 14.34+0.473 mgS, A. siamensist
12.53£0.231 mg®] CoQl0°] A3A FHe A& ¢ F UMtk

P. denitrificans KCTC 2530 T57} A A48 AWakad=+
1 P. denitrificans ATCC 193673} ®lnlsle] o] AL =
9] CoQ10 S HoleA] A om A Ass o
u, B AgelA g ARESE P. denitrificans KCTC 25302

20 7 —o— OD (600 nm)
—0— Medium pH

5 —&— Fructose concentration
—e— CoQI10 (mg/L)

10

5 -

0 -

Time (h)

Fig. 7. Coenzyme Q10 production by batch or fed-batch culture.
For batch or fed-batch culture, 100 ml of the culture broth, which
was obtained from the 500 ml baffled flask after 12 h cultivation,
was transferred to a 5 L jar fermenter containing a working volume
of 2 L M81 medium containing with fructose (4%) and yeast
extract (2%). Temperature, agitation speed, and pH during the
culture were 30°C, 200 rpm, and pH 8.0, respectively. When the
fructose in the culture broth was depleted, the feeding solution of
200 ml was added intermittently three times.
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