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ABSTRACT

In this report, some results of extraction and characterization of CoQ10 from recombinant
A. tumefaciens are presented. Four different cell breaking methods (sonication, acidic
treatment, ethanol treatment, and enzymatic lysis) in combination with the extracting steps
were carried out to extract CoQ10 and the results showed that ethanol treatment was the most
efficient method. Appropriate conditions for CoQ10 extraction were 25 °C, 24 hours incubation
and ethanol solvent/biomass ratio of 10:1 (ml/g). Characterization of extracted CoQ10 showed
that CoQ10 was sensitive to light, but stable in the temperature ranges of 4 — 60 °C and the pH
range of 6.0 — 9.0. Obtained results in present study should be applied in the large scale for
CoQ10 extraction, providing the CoQ10 product for testing production of functional foods.
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1. INTRODUCTION

Ubiquinone-10 or Coenzyme Q10 (CoQ10) plays a critical role in the production of
energy in nearly every cell of the body. Due to the potent antioxidant properties, CoQ10 has
being used much more as a sourse of supplemental food to improve health and be included in
the different cosmetics. CoQl0 could be applied in medicine to prevent cancer, treat
cardiovascular diseases, diabetes, Parkinson and improve immune system [1]. The current trend
15 to focus on research in the production of CoQ10 by biological process through bacterial
fermentation [2,3,4]. In bacteria, coenzyme QIl0 is located in the hydrophobic domain of the
phospholipid bilayer of cellular membrane [5], therefore it is neccessary to break the cellular
membrane to extract this component, The degradation of the cellular membrane will affect the
efficiency of CoQ10 extraction. Several CoQl0 extraction methods were performed with the
different efficiencies [6] and mainly suitable for laboratory scale. Some criteria such as simple,
low cost and solvent recovery should be considered to set up a method for CoQ10 extraction in
the large scale. Furthermore, information on the effects of several factors such as temperature,
light and pH to the stability of CoQ10 will helpful to determine appropriate conditions for
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CoQ10 extraction and storage of its products. The stability of CoQ10 was maily investigated in
complexes [7, 8]. Therefore, the purposes of this study were (1) to establish an effective CoQ10
extraction procedure from Agrobacterium tumefaciens suitable for the large scale and (2) to

investigate some properties of extracted CoQ10.

2. MATERIALS AND METHODS

2.1. Materials

Recombinant 4. tumefaciens DPXS12 strain was provided from School of Biotechnology
and Food Technology, Hanoi University of Science and Technology. Chemicals for culture,
fermentation of A. tumefaciens, for extraction and property studies of CoQQ10 were furchased
from Sigma-Aldrich (USA), Merck (Germany), Thermo Scientific (USA), Himedia (Incha).

2.2. Methods

In this study, four different CoQ10 extraction methods were used in which sonication,
hydrocloric acid and enzyme treatment were performed as described by Tian et al. 2010 (6],
ethanol extraction method was performed as desbribed by Ranadive et al. (9] with some
modifications. For sonication method, the bacterial cell mass was dissolved in 2 mM Tris-HCl,
pH 7.5 and sonificated at 60% fulse power for 15 seconds on and 10 seconds off. Total time for
sonication was 10 min. For hydrocloric acid treatment method, the bacterial cell mass was
dissolved in 3 M HCI and incubated at 85 °C for 30 min. For enzyme treatment method, a
mixture of bacterial cell, proteinase K and lysozyme (0,1 mg/ml) was incubated at 37 °C for 30
min. Ethanol treatment method was carried out at 60 °C for 3 hours. Coenzyme Q10 was
extracted 3 times from the homogenate with petrolium ether or hexane solvent and dned by
speed vacuum concentrator. Coenzyme Q10 was dissolved in ethanol.

CoQ10 was quantified by Craven reaction as described by Shimada et al. (10]. Briefly, a
volume of 500 ul of 100 mM ethylcyanoacetate was added to 500 pl of CoQl0 solution, mixed
well and incubated for 6 min, followed by adding 100 pl 0.4 M KOH. The absorbance intensity
of reaction mixture at 625 nm was recorded by spectrophotometer and used to determine
CoQ10 amount. Determination of CoQl0 was also validated by high performed liquid
chromatography (HPLC). The CoQ10 extract was analyzed by HPLC (Agilent 1200 Senes,
USA) using C18 column (250 mm x 4,6 mm), UV detector at 35 °C. After loading sample, the
column was washed by methanol for 19 min and eluted by ethanol gradient for 4 min, followed
by isocratic run up to 45 min at 0.5 ml/min. The CoQ10 amount was determined on the basis of
area of absorbent peak at 275 nm wavelength and standard curve of CoQ10.

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

3. RESULTS AND DISCUSSION

3.1. The result of cell lysis by different methods

CU?HYZIHE Q10 (CoQ10) is a hydrophobic compound, insoluble in water. In living cells,
CoQI10 is located on the plasma membrane of the bacterial cell and the inner membrane of
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o0y mitochondria of eukaryotic cells [5]. Therefore, CoQ10 will be directly extracted from bacterial

N cell mass. In this study, the cellular membrane of 4. rumefaciens was lysed by four different
{net*huds including sonication, hydrocloric acid, ethanol and enzyme treatment. The result
indicated thz}t the highest amount of CoQ10 was obtained by the ethanol extraction method
compared with other methods (Fig. 1). 4. tumefaciens contains a thin inner cell wall and outer
fnembrque a.nc}l therefore the hydrophobic linkage in this membrane will be weaken when
mteracting wqh ethanol, leading to cellular lysis [12] and CoQl0 release. Similarity,
hydrnclﬂng acid also plays role in the lysis of cellular membrane [6]. However, CoQIl0 is
hyf:lmphnblci gnmpcrund therefore its releasing efficiency is higher by ethanol than hydrocloric

ey acid. In addition to chemical usage, some enzymes such as proteinase K, lysozyme were also

B ) useid to break the cell membrane in several researches. However, the efficiency of enzymatic

Y lysis is lower than chemical lysis by ethanol and hydrocloric acid. Sonication method is known

2y 1o generate microscopic bubbles leading to incomplete cell lysis [6], therefore the CoQ10
recovery was the lowest. On the basis of obtained results, the ethanol treatment method should
be further investigated and applied for CoQ10 extraction.
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Figure 1. Different cell lysis methods for CoQ10 extraction.
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1 3.2. Determination of appropriate conditions for the cell lysis by ethanol

J-

1 Determination of ethanol/cell mass ratio

A In order to evaluate the effect of solubility of the cell mass in ethanol to CoQ10 recovery

|3 trom A. tumefaciens, different ratios of ethanol/cell mass were investigated including 5, 10, 15

o ml/g and the cell lysis was taken at 37 °C for 3 hours. The obtained resulis showed that the

5" amount of extracted CoQ10 was proportional to the increase of ethanol/cell mass ratio (Fig.

32 2A). The comparison of obtained CoQl0 amounts from different ethanol/cell mass ratios

showed that the extracted CoQ10 amount from 10:1 ratio was 1.32 fold higher (equivalently
- 24.3 %) than 5:1 ratio; whereas the CoQ10 recovery from 15:1 ratio was only 1.08 fold higher
I”ﬁ than 10:1 ratio (equivalently 7.7 %). On the basis of obtained results, the 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 cell mass was homogenized by sonication
method at the low energy level (approximately 30 — 40 %) for different times including 1, 2, 3,
5, 10, and 15 min. The result showed that the highest level of CoQ10 was obtained after 3 min
assimilation. However, the more increase of assimiiating time was leading to the decrease of
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CoQ10 recovery (Fig. 2B). This decrease might be due to the inverse effects of ultrasound in g
long time to the structure of CoQ10.

Determination of incubation temperature and time

The effect of incubation temperature to the CoQIl0 recovery from A. tumefaciens was
determinized by incubating the homogenized mixture at different temperatures (25, 37 va 60
°C) for 3 hours. The result showed that the increase of incubation temperature enbhanced the
recovery of CoQ10 from the lysed cell (the increase was 1.15 and 1.17 fold at 37 °C and 60°C
respectively in companson with 25 °C) (Fig. 2C). The obtained results indicates that the
temperature of 37°C is suitable for incubation of homogenized mixture. Similarity, the obtaned
CoQ10 amount was proprotional to the incubation time. The obtained CoQ10 amount after 24
hours incubation was increased 1.27 fold in comparison with that after 1 hour incubation (Fig,
2D).

From the obtained results, a procedure for CoQ10 extraction was established, which
includes: the steps of mixing ethanol with cell mass (10:1, v/w), assimilation by sonication for
3 min at low energy, incubation at 37°C for 24 hours, centrifugation for collecting the upper
phase, three times extraction of CoQ10 with hexane (1:1), concentration of CoQ10 to dryness
and redissolved in 100 % ethanol. The obtained CoQ10 was analyzed by HPLC and the resuit
showed the appearance of a CoQl0 peak on the chromatographic pattern (Fig. 2F)
comparison with the standard CoQ10 pattern (Fig. 2E). This result confirmed that CoQ10 was
successfully extracted from the cell mass of recombinant 4. tumefaciens.
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Figure 2. Effect of ethanol/cell mass ratio (A), assimilating time (B), ethanol incubation temperature (C),
ethanol incubation time (D) on the CoQ10 recovery from recombinant A. tumefaciens. The HPLC
chromatography of standard CoQ10 (E) and the extract of recombinant 4. tumefaciens (F).

3.3. Property studies of extracted CoQ10

3.3.1. The effect of temperature on the stability of CoQI0
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CoQ10 solution was incubated at different temperatures (4 °C, 25 °C, 37 °C, 60 °C) for
144 h and the remaining CoQ10 amount was determined after each 24 hours. The results
showed ’fhat the CoQ10 amount was almost no change at all incubation temparatures after 144
hours (Fig. 4A). The obtained resuit coincided with the observation by Fir et al, [7]. This result

indicated that CoQ10 was thermostable and this result is valuable for 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 relatively stable in the pH range of 6-9. Relative
stability of CoQ10 reached 95 % after 120 h (Fig. 3B). However, the stability was decreased in

the acidic condition. The CoQ10 amount was decreased approximately 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 light, CoQ10 solution was exposed to the
fluorescent light for 144 hours and the day-night light for 72 hours. The results showed that the
CoQ10 amount was decreased 32 %, 56 %, and 72% after 24 h, 48 h and 144 h, respectively,
under the fluorescent light (Fig. 4C). The CoQ10 amount was significantly decreased (41 %
after 24 h and 70 % after 48 h) when exposed to the day-night light. In the same conditions, the
CoQ10 amount was no change when it was completely darkened. The significant decrease of
CoQ10 under the day-night light may be due to direct effect of UV light to CoQ10, According
to [7] CoQ10 was destroyed by 27 % under the UV light after 120 min. Previous study also
showed that CoQ10 was destroyed by 80 % after 15 days exposed to the day-night light [8].
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Figure 3. The effect of temperature (A), pH (B), light (C) on the stability of CoQ10 extracted from
recombinant A. tumefaciens.

727




Nguyen Viet Phuong, Dang Thi Thu, Luu Hong Son, Nguyen Thi Phuong Hanh, Truong Quoc Phong -

4. CONCLUSIONS

Four different methods including sonication, hydrocloric acid, enzyme and ethanol
treatment were used to break the cell membrane for recovering the CoQ10. The result indicated
that ethanol treatment method was the best method for the extraction of CoQ10. Appropriate
conditions for ethanol treatment were determined, including: ethanol/cell mass (10:1), 3 min
assimilation by sonication, incubation temperature 37 °C for 24 h. Property study indicated that
CoQ10 was sensitive to light, and decreased by 32 and 56 % after 1 and 2 days, respectively.
The CoQ10 amount was no change under 4 - 60 °C after 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 TUMEFACIENS TAI TO HGP

Nguyén Viét Pheong, Ping Thi Thu, Luu Hong Son, Nguyén Thj Phuong Hanh,
Trnrong Quéc Phong

Vién CN Sinh hoc va CN Thyc phim, T ruong Bai hoc Bich khoa Ha Ngi, 1 Pai Cé Viét, Ha Noi

“Email: Phong truongquoc@hust.edu. vn

Bai bao nay trinh by mot s6 két qua vé tach chiét va dic tinh cia CoQ10, mét sin pham
s A. tumefaciens tai 16 hop. Bon phuong phép gbm pha v té bao bing siéu am, xir 1i bing axit
HCI, xir i bang con va xir l enzyme két hop véi cac budc tich chiét di dugc thue hién va két
qua cho thay phuong phép xit 1i bing c6n cho hiéu qua cao nhit. Voi phuong phap nay, mét s6
dieu kién tach chiét thich hop dwuge xac dinh 13 nhiét 46 37 °C va thoi gian 24 gid, ti 1& cdn/sinh
khoi 1a 10:1 (ml/g). Két qua nghién ciru dic tinh cho thiy CoQ10 nhay cim véi anh sang, ham
luong CoQ10 giam di 32 va 56 % sau 1 va 2 ngay tuong img. Ham lrong CoQ10 khong bi
glam trong dai nhiét d6 4 - 60 °C sau 144 gié. CoQ10 bén trong dai pH 6.0 - 9.0. Nhimg két
qua thu duoc s€ duoc dp dung dé tién hanh tich chiét CoQ10 o quy mé 16n, phuc vu nghién
clru tao ché pham CoQ10 dé san xuit thir nghiém thyc pham chire nang.

T khéa: Agrobacterium tumefaciens, coenzyme Q10 (CoQ10), tach chiét, dic tinh.
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