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ABSTRACT

In this report, some results of extraction and abt@rization of CoQ10 from recombinant
A. tumefaciensire presented. Four different cell breaking metsh@@dnication, acidic treatment,
ethanol treatment, and enzymatic lysis) in comipmatvith the extracting steps were carried out
to extract CoQ10 and the results showed that ethegatment was the most efficient method.
Appropriate conditions for CoQ10 extraction were %25 24 hours incubation and ethanol
solvent/biomass ratio of 10:1 (ml/g). Character@abf extracted CoQ10 showed that CoQ10
was sensitive to light, but stable in the tempeeatanges of 4 — 6T and the pH range of 6.0 —
9.0. Obtained results in present study should Ipdieapin the large scale for CoQ10 extraction,
providing the CoQ10 product for testing productisriunctional foods.
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1. INTRODUCTION

Ubiquinone-10 or Coenzyme Q10 (CoQ10) plays acatiitiole in the production of energy
in nearly every cell of the body. Due to the potemtioxidant properties, CoQ10 has being used
much more as a sourse of supplemental food to wephealth and be included in the different
cosmetics. CoQ10 could be applied in medicine &wvgmt cancer, treat cardiovascular diseases,
diabetes, Parkinson and improve immune systenTHg.current trend is to focus on research in
the production of CoQ10 by biological process tiglowbacterial fermentation [2,3,4]. In
bacteria, coenzyme Q10 is located in the hydroghdbimain of the phospholipid bilayer of
cellular membrane [5], therefore it is neccessarpreak the cellular membrane to extract this
component. The degradation of the cellular membnaile affect the efficiency of CoQ10
extraction. Several CoQ10 extraction methods wertopmed with the different efficiencies [6]
and mainly suitable for laboratory scale. Someedat such as simple, low cost and solvent
recovery should be considered to set up a methodC&®10 extraction in the large scale.
Furthermore, information on the effects of sevéasators such as temperature, light and pH to
the stability of CoQ10 will helpful to determinepppriate conditions for CoQ10 extraction and
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storage of its products. The stability of CoQ10 wmaaily investigated in complexes [7, 8].
Therefore, the purposes of this study were (1) dtaldish an effective CoQ10 extraction
procedure fromAgrobacterium tumefaciersuitable for the large scale and (2) to investigat
some properties of extracted CoQ10.

2. MATERIALS AND MOTHODS
2.1. Materials

RecombinanfA. tumefacien®PXS12 strain was provided from School of Biotembgy
and Food Technology, Hanoi University of Science dechnology. Chemicals for culture,
fermentation ofA. tumefaciensfor extraction and property studies of CoQ10 wierehased
from Sigma-Aldrich (USA), Merck (Germany), Thermoiéhtific (USA), Himedia (India).

2.2. Methods

In this study, four different CoQ10 extraction nmadk were used in which sonication,
hydrocloric acid and enzyme treatment were perfdriag described by Tian et al. 2010 [6],
ethanol extraction method was performed as desbriipe Ranadive et al. [9] with some
modifications. For sonication method, the bactes&l mass was dissolved in 2 mM Tris-HCI,
pH 7.5 and sonificated at 60% fulse power for 1¢oeds on and 10 seconds off. Total time for
sonication was 10 min. For hydrocloric acid treatmmethod, the bacterial cell mass was
dissolved in 3 M HCI and incubated at 85 for 30 min. For enzyme treatment method, a
mixture of bacterial cell, proteinase K and lysory(d,1 mg/ml) was incubated at 37 for 30
min. Ethanol treatment method was carried out a@Cor 3 hours. Coenzyme Q10 was
extracted 3 times from the homogenate with petnolether or hexane solvent and dried by
speed vacuum concentrator. Coenzyme Q10 was diskilvethanol.

CoQ10 was quantified by Craven reaction as destridyeShimada et al. [10]. Briefly, a
volume of 500 pl of 200 mM ethylcyanoacetate waseado 500 pl of CoQ10 solution, mixed
well and incubated for 6 min, followed by addingd3@ 0.4 M KOH. The absorbance intensity
of reaction mixture at 625 nm was recorded by sppbbtometer and used to determine CoQ10
amount. Determination of CoQ10 was also validatediigh performed liquid chromatography
(HPLC). The CoQ10 extract was analyzed by HPLC Ig&di 1200 Series, USA) using C18
column (250 mm x 4,6 mm), UV detector at ¥5. After loading sample, the column was
washed by methanol for 19 min and eluted by ethgradient for 4 min, followed by isocratic
run up to 45 min at 0.5 ml/min. The CoQ10 amouns watermined on the basis of area of
absorbent peak at 275 nm wavelength and standard otiCoQ10.

Stabilities of CoQ10 against pH, light, temperaturere determined by quantifying the
remaining CoQ10 amount after exposuring to theediffit conditions for different times.
Antioxidant property of CoQ10 was determined asdbsed by Wang et al. [11].

3. RESULTS AND DISCUSSION
3.1. The result of cell lysis by different methods

Coenyzme Q10 (CoQ10) is a hydrophobic compounalubge in water. In living cells,
CoQ10 is located on the plasma membrane of theshalctell and the inner membrane of
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mitochondria of eukaryotic cells [5]. Therefore, @D will be directly extracted from bacterial
cell mass. In this study, the cellular membraneédofumefaciensvas lysed by four different
methods including sonication, hydrocloric acid, agthl and enzyme treatment. The result
indicated that the highest amount of CoQ10 wasidtaby the ethanol extraction method
compared with other methods (Fig. &). tumefaciengontains a thin inner cell wall and outer
membrane and therefore the hydrophobic linkagehia membrane will be weaken when
interacting with ethanol, leading to cellular lygl2] and CoQ10 release. Similarity, hydrocloric
acid also plays role in the lysis of cellular mearie [6]. However, CoQ10 is hydrophobic
compound therefore its releasing efficiency is biglvy ethanol than hydrocloric acid. In
addition to chemical usage, some enzymes suchasiqase K, lysozyme were also used to
break the cell membrane in several researches. Howthe efficiency of enzymatic lysis is
lower than chemical lysis by ethanol and hydroclaacid. Sonication method is known to
generate microscopic bubbles leading to incomplelielysis [6], therefore the CoQ10 recovery
was the lowest. On the basis of obtained restilesethanol treatment method should be further
investigated and applied for CoQ10 extraction.
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Figure 1.Different cell lysis methods for CoQ10 extraction.
3.2. Determination of appropriate conditions for tte cell lysis by ethanol

Determination of ethanol/cell mass ratio

In order to evaluate the effect of solubility okthell mass in ethanol to CoQ10 recovery
from A. tumefaciensdifferent ratios of ethanol/cell mass were iniggged including 5, 10, 15
ml/g and the cell lysis was taken at 37 for 3 hours. The obtained results showed that the
amount of extracted CoQ10 was proportional to ticesiase of ethanol/cell mass ratio (Fig. 2A).
The comparison of obtained CoQ10 amounts from wiffeethanol/cell mass ratios showed that
the extracted CoQ10 amount from 10:1 ratio was floBRhigher (equivalently 24.3 %) than 5:1
ratio; whereas the CoQ10 recovery from 15:1 rataswnly 1.08 fold higher than 10:1 ratio
(equivalently 7.7 %). On the basis of obtained ltesthe ethanol/cell mass ratio (10 ml/g) was
selected for the CoQ10 extraction in further works.

Determination of assimilating time

In order to improve solubility in ethanol, the cellass was homogenized by sonication
method at the low energy level (approximately 300-%) for different times including 1, 2, 3,
5, 10, and 15 min. The result showed that the Bigleeel of CoQ10 was obtained after 3 min
assimilation. However, the more increase of asating time was leading to the decrease of
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CoQ10 recovery (Fig. 2B). This decrease might be tduthe inverse effects of ultrasound in a
long time to the structure of CoQ10.

Determination of incubation temperature and time

The effect of incubation temperature to the CoQ&@overy fromA. tumefaciensvas
determinized by incubating the homogenized mixatrdifferent temperatures (25, 37 va’e)
for 3 hours. The result showed that the increaseonibation temperature enhanced the recovery
of CoQ10 from the lysed cell (the increase was aridh1.17 fold at 3% and 66C respectively
in comparison with 25C) (Fig. 2C). The obtained results indicates thattemperature of 3¢
is suitable for incubation of homogenized mixtus@nilarity, the obtained CoQ10 amount was
proprotional to the incubation time. The obtainem)QZ0 amount after 24 hours incubation was
increased 1.27 fold in comparison with that aft&olir incubation (Fig. 2D).

From the obtained results, a procedure for CoQlPaetion was established, which
includes: the steps of mixing ethanol with cell m&R0:1, v/w), assimilation by sonication for 3
min at low energy, incubation at € for 24 hours, centrifugation for collecting theper phase,
three times extraction of CoQ10 with hexane (1cbncentration of CoQ10 to dryness and
redissolved in 100 % ethanol. The obtained CoQ16 amalyzed by HPLC and the result
showed the appearance of a CoQ10 peak on the ctugraphic pattern (Fig. 2F) in comparison
with the standard CoQ10 pattern (Fig. 2E). Thislltesonfirmed that CoQ10 was successfully
extracted from the cell mass of recombin&ntumefaciens
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Figure 2.Effect of ethanol/cell mass ratio (A), assimilgtitime (B), ethanol incubation temperature (C),
ethanol incubation time (D) on the CoQ10 recoveoyrf recombinanf. tumefaciensThe HPLC
chromatography of standard CoQ10 (E) and the extfaecombinanf. tumefaciengF).

3.3. Property studies of extracted CoQ10

3.3.1. The effect of temperature on the stabifit¢@Q10

726



Extraction and property studies of coenzyme Q10 from recombinant Agrobacterium tumefaciens

CoQ10 solution was incubated at different tempeest(°C, 25°C, 37°C, 60°C) for 144
h and the remaining CoQ10 amount was determined edich 24 hours. The results showed that
the CoQ10 amount was almost no change at all inicubtemparatures after 144 hours (Fig.
4A). The obtained result coincided with the obseovaby Fir et al. [7]. This result indicated
that CoQ10 was thermostable and this result isaiddufor extraction, processing, storage and
application of CoQ10.

3.3.2. The effect of pH on the stability of CoQ10

The study result showed that CoQ10 was relativeils in the pH range of 6-9. Relative
stability of CoQ10 reached 95 % after 120 h (Big). However, the stability was decreased in
the acidic condition. The CoQ10 amount was decteapproximately by 18 % after 24 h and
32 % after 120 h.

3.3.3. Effect of light on the stability of CoQ10

To determine the stability of CoQ10 under the ligbdQ10 solution was exposed to the
fluorescent light for 144 hours and the day-nigittl for 72 hours. The results showed that the
CoQ10 amount was decreased 32 %, 56 %, and 7286 2&fth, 48 h and 144 h, respectively,
under the fluorescent light (Fig. 4C). The CoQ10oant was significantly decreased (41 %
after 24 h and 70 % after 48 h) when exposed tad#yenight light. In the same conditions, the
CoQ10 amount was no change when it was completaliyeded. The significant decrease of
CoQ10 under the day-night light may be due to diegfect of UV light to CoQ10. According to
[7] CoQ10 was destroyed by 27 % under the UV lefter 120 min. Previous study also showed
that CoQ10 was destroyed by 80 % after 15 dayssedpto the day-night light [8].
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Figure 3 The effect of temperature (A), pH (B), light (@) the stability of CoQ10 extracted from
recombinaniA. tumefaciens.
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4. CONCLUSIONS

Four different methods including sonication, hydooic acid, enzyme and ethanol
treatment were used to break the cell membranestavering the CoQ10. The result indicated
that ethanol treatment method was the best methiothé extraction of CoQ10. Appropriate
conditions for ethanol treatment were determinedjuding: ethanol/cell mass (10:1), 3 min
assimilation by sonication, incubation temperairéC for 24 h. Property study indicated that
CoQ10 was sensitive to light, and decreased byng25& % after 1 and 2 days, respectively.
The CoQ10 amount was no change under 4 °Ceéfter 144 h. CoQ10 was stable under the pH
range of 6.0 — 9.0.
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TOM TAT

NGHIEN CUU QUY TRINH TACH CHIET VA MOT SO PAC TiNH CUA COENZYME
Q10 TU CHUNG AGROBACTERIUM TUMEFACIENBAI TO HOP

Nguyén Viét Phrong, Bang Th Thu, Liru Hong Syn, Nguyén Thi Phrong Hanh,
Truong Quc Phong

Vién CN Sinh hc va CN Thrc phim, Treong Bai hoc Bach khoa Ha i, 1 Bai Co Viét, Ha Nji
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Bai bao nay trinh bay ¢ s két qua v tach chét vadic tinh ia CoQ10, rit sin pham tir
A. tumefaciengai t hop. Bbn phrong phap gm pha @ té bao ling siéu am, « |i bang axit
HCI, xir li bang on va x i enzyme Iét hop Wi cac hréc tach chit da duoc thec hién va Iét
qua cho thiy phuong phap x Ii bang @n cho héu qua cao nlat. Véi phuong phap nay, it 5
diéu kién tach chit thich hyp duoc xacdinh 1a nhét 46 37°Cva thyi gian 24 gb, ti 16 cdn/sinh
khéi 1a 10:1 (ml/g). Kt qua nghién &u dic tinh cho thy CoQ10 nly cam wi &nh sang, ham
lwrong CoQ10 gim di 32 va 56 % sau 1 va 2 ngayhgtng. Ham trgng CoQ10 khéngibgiam
trong chi nhiét 46 4 — 60°C sau 144 @i. CoQ10 kn trong @i pH 6.0 — 9.0. Niing két qua thu
dugc & dugc 4p ding dé tién hanh tach clit CoQ106 quy md bn, phic wu nghién ¢u tao ché
pham CoQ10d¢ san xuat thir nghiém thuc prim chirc ning.

Tir khéa: Agrobacterium tumefaciergenzyme Q10 (CoQ10), tach éhidic tinh.
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