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The
United
Ctates

The Director of the United States
Patent and Trademark Office

Has received an application for a patent for
a new and useful invention. The title and
description of the invention are enclosed.
The requirements of law have been com-
plied with, and it has been determined that
a patent on the invention shall be granted
under the law.

Therefore, this
United States Patent

Grants to the person(s) having title to this
patent the right to exclude others from mak-
ing, using, offering for sale, or selling the
invention throughout the United States of
America or importing the invention into the
United States of America, and if the inven-
tion is a process, of the right to exclude oth-
ers from using, offering for sale or selling
throughout the United States of America, or
importing into the United States of
America, products made by that process,
for the term set forth in 35 US.C. 154(a)(2)
or (c)(1), subject to the payment of mainte-
nance fees as provided by 35 US.C. 41(b).
See the Maintenance Fee Notice on the
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57 ABSTRACT

The present invention refates to a process for producing
reduced coenzyme Q,, which comprises obtaining microbial
cells containing reduced coenzyme Q4 at a ratio of not less
than 70 mole % among the entire coenzymes Qj¢» optionally
disrupting the cells and recevering thus-produced reduced
cdénzyme Q, . The present invention also relates to a process
for producing oxidized coenzyme Q, which -comprises
either recovering oxidized coenzymie Q, after oxidizing the

.above-mentioned microbial cells or disrupted product

thereof, or recovering reduced coenzyme Q, , fronrthe above-
mentioned microbial cells or disrupted produtt thereof to
oxidize thus-obtaincd reduced coenzyme Q,, thereafter,
According (o theprocesses of the present invention, reduced
coenzyme Q,, and oxidized coenzyme Q,4 can be produced
simply on the industrial scale.
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1
PROCESSES FOR PRODUCING COENZYME
Q10

RELATED APPLICATIONS
This application sia divisional of Ser. No. 10/500,249, filed

on Nov. 3, 2004 and now abandoned, which is a 371 of
‘PCT/IP02/13766, filed on Dec. 27, 2002, which claims ben-

cfits to Japancse Application No. 2001-398545, filed on Dec.

27, 2001.
TECHNICAL FIELD

“The present invention relates 1o

a process for producing the reduced coenzyme Q,q fepre-
sented by the following fornula (1):

1))

and a process for producing the oxidized coenzyme Q, , rep-
rescnited by the following formula (11):

[0)]

More particularly, the present invention relates to

a process for producing reduced coenzyme Q, 4

which comprises culturing reduced coenzyme Q,o-pro-
-ducing microorganisms to obtain microbial cells containing
reduced coenzyme Q,q at o ratio of not less than 70 mole %
among, the catire cocnzymes Q. »

optionally disrupting the microbial cells and fecovering’
thus-produced reduced coenzynme Q.

The present invention also relates to a process for produc-
ing oxidized coenzyme Q,, which comprises either recover-
‘ing oxidized coenzyme Q,, after oxidizing the above-men-
‘tioned microbial cells or disrupted product thereof, or
recovering reduced coenzyme Q) , from the above-mentioned
amicrobial cells or disrupted product thereof to oxidize thus-
obtained reduced coenzyme Q,, thereafter.

BACKGROUND ART

The reduced coenzyme Q,, (1) and thie oxidized cocnzyme
Q}0 (1) are mitochondrial electron transporf system-consti-
tuting factorsin cells of #'living body of human and deal with
ATP production by working as clectron carriers in oxidalive
phosphorization reaciions.

Conventionally, oxidized coenzyme Q;, has been widely
uséd for supplementary nutrient foods and cosnietic products

=
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=
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in addition 10 pharmaccutical products as a pharmaccitically
and physiologically effective substancé for a variety of dis-
eases.

On the other hand, reduced coenzyme Q,,, has not so much
drawn attention so far: however, in these years, there has been
reported that reduced coenzyme Q, 4 is more effective in vari-
ous applications than oxidized coenzyme Q, .

For example, Japanesc Kokai Publication 11ei-10-330251
discloses an antihypercholesterolemia agent having excellent
¢holestero] reducing function. an antihyperlipemia agent, and
an agent for curing and preventing arteriosclerosis. which
contain reduced coenzyme Q,, as an active ingredient. In
addition. Japaniese Kokai Publication Hei-10-109933 dig-
closes a pharmaceutical composition excellent in ofal-absorb-
ability comprising coenzyme Q,, including reduced coen-
zyme G, as an active ingredient.

Furthermore, reduced coénzyme Q4 is effective as an anti-

oxidant and @ radical scavenger. R. Stocker, et al. have:

reparted that reduced coenzyme Qj o prevented peroxidation
of human LDI. more efficiently than a-tocopherol, Iycopene
and f-carotene (Proceedings of the National Academy of
Science of the United States of America, vol. 88, pp. 1646-
1650, 1991).

Ithas been known thatoxidized coenzyme Q, , and reduced
coenzyme Q,, are in a certain type of equilibrium in a living
body andthat oxidized coenzyme Q, /reduced coenzyme Q,,
absorbed in the living body are mutually reduced/oxidized.

Reduced coenzyme Q,q is supposedly produced by a
chemical synthesis method, similarly to the process for pro-
ducing oxidized coenzyie Q,,. But the synthesis process is
supposed to be complicated, Asky and costly. Moreover, in
the case of chemical synthesis méthods, it will be necessary to
minimize the subgeneration and contamination of a (Z)-iso-
mer, which is suspiciously unsafe (Biomedical and Clinical
Aspects of Coenzyme Q. vol. 3,pp. 19-30, 1981). Europe
Pharmacopocia regulates that a conteni of (Z)-isomer in oxi-
dized coenzyme Q,, must be not more than 0.1%.

As another process for producing reduced coenzyme Q,,.
it éan be supposed a methed of wtilizing microbial cells, that
is. amethod for separating and recovering reduced ¢oenzyme
Qo from reduced coenzyme Q, ,-producing microorganisms.
However. the reduced coenzyme Q, 5 produced by the micro-
bial cells of the above-mentioned microonganisms contains a_
large amount of oxidized coenzyme Q,,. and the sepatation

s and recovery of reduced coctzyme Q,q by @ convertional

method resulis in high cost.

The following are documents describing the presence of
reduced cocnzyme Q) in microbial cells and there have been
known the following examples of bacteria.

(1) An example describing that at lowest 5 to 10% by weight
and at highest 30 1o 60% by weight of reduced coenzyme Q,
are present among the entire coenzymes Q,, in culture cells of
‘photosynthesis bacteria (Japanese Kokai Publication Sho-57-
70834).

(2) An example describing that the genus Pseudontonas is
subjected to thermal -extraction by an organic sojvent in the
presence of sodium hydroxide and pyrogallol, and the resuli-
ant is treated with 5% sodium hydrosulfite solutioti, and fur-
ther dehydrated -and concentrated to collect an acetone-
soluble portion, and an oil containinig reduced ¢oenzyme Q,
is obtained (Japanesé Kokai Publication Sho-60-75294).

Both of the above (1)and (2) aim to convent a mixture of the
obtained reduced coenzyme Q, , and oxidized coenzyme Q,
or the obtained rcduced coenzyme Q,, into oxidized coen-
zyme Q,, by further oxidation. ‘Thus, reduced coenzyme Q,,
is only described as an intermediate substance in producing
oxidized coenzyme Q.
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In the above (1), photosynthesis bacteria arc used. the
culture of which is complicated. Furthermore. in the micro-
bial cells of the above-mentioned microorganisms, when the
production ofreduced coenzyme Q,, is aimed af, it cannot be
said that the ratio of reduced coenzyme Q, odmong the entire
coenzymes Q4 is sufficient.

The above (2) comprises a process of converting oxidized
coenzyme Qyq contaitied in a hexane phase into reduced
cocnzyme Q4 by sodiuny hydrosulfite, a reducing agent (sce
Example 3 in Japanese Kokai Publication 8ho-60-75294).
Thus, the ratio of reduced coenzyme Q0 among the entire
coenzymes Q,, in the microbial cells is not clear.

Furthermore, in both of the above (1) and {2), the produc-
tion amount of coenzymes Q in culture are not described..

As described above, microbidl cells containing reduced
coenzyme Quq at high ratio have not been reported yel. Still
less, it has not been known a fermentation production of
reduced coenzyme Qy, on the industrial scale, that is, a
method comprising culturing microorganisins to obtain
microbial cells containing reduced coenzyme Q,o at high
ratio among the entire co¢nzymes Q,4, and recovering
reduced coenzyme Q, to obtain high-purity reduced coen-
zyme Qo

Under such circumstances, if a method for obtaining #
large quantity of coenzyme Q,, containing reduced cocn-
zyme Qy at high ratio by culturing microorganisms is found,
it can be a highly useful method for prodircing reduced coen-
zyme-Qy,.

SUMMARY OF THE INVENTION"

It is an object of the present invention to provide a process-
{or producing reduced coenzyme Q,, safely and efficiently on
the induslrial scale by culturing reduced coerizyme Qg-pro-
ducing micreorganisms for obtaining microbial cells contain-
ing reduced coenzyme Q,, at high ratio and suitably recov-
ering reduced coenzyme Q,, from the microbial cells.

It is another object of the presént invention 1o provide a
piocess for producing oxidized coenzyme Q,, in simple pro-
cesses by culturing reduced coenzyme Q, - producing micro-
organisms for obtaining microbial cells containing reduced
coenzyme Q,y, at high ratio, and oxidizing the reduced coen-
zyme Q,; obtained from the microbial cells asan intermedi-
ate substauce in producing oxidized coenzyme Q.

That is, the present invention relates fo

a process for producing the reduced coenzyme Q,, repre-
sented by the following forniula (I):

]

which comprises culturing reduced coenzyme Q,q-pro-
ducing microorganisms in a culture medium containing a
carbon source, a nitrogen source, a phosphorus source and 2
micronutrient to obtain microbial cells contdining reduced
coenzyme Q4 at a ratio of not less than 70 mole % among the
entire coenzymes Q,q,

optionally distupting the microbial cells and

exiracting thus-produced reduced coenzyme Q,, by an
organic solvent.
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Furthermore, the present invention also relates to
a process for producing the oxidized coenzyme Q;, repre-
sented by the following formula (11):

[§¢)

which comprises culturing reduced cocazyme Q,q-pro-
duciig microorganisms in a culture medivm containing a
carbon source; a nitrogen source, a phosphorus source and a
micronutrient o obtain microbial cells containing reduced

coenzymeQ, 4 ata ratio of not less than 70 mole % among the.

entire coenzymes Q, 4,

optionally disrupting the microbia] cells: and

either oxidizing thus-produced reduced coenzyme Q10
oxidized coenzyme Q,q and then extracting the resultant by
an organic solvent, or extracting thus-produced reduced
coehzyme Qo by an organic solvent. purifying optionally and
oxidizing the resultant to oxidized coenzyme Q,q,.

According to the processes of the present invention,
reducedcoenzyme Q, , ¢ bé produced cheaply on the indus-
trial scale by considerably simple steps comprising cuburing
microorganisms and recovering reduced caenzyme Q,,. In
addition. oxidized cocnzyme Q,, can also be produced by
simple processes. Moreover, these coenzymes Qo produced
by microorganisms basically do not contain (Z)-isomers
thereof, and (ali-E) isomers thereof can be obtained, which
are same as those contained in mest, fisli, etc.

DETAILED DESCRIPTION OF THE INVENTION

In the ‘present invention. at first, reduced coenzyme Q-
producing microorganisms are cultured to obtain’ microbial
cells containing reduced coenzyme Q4 at 4 ratio of not less
than 70 mole %, preferably not less than 75 mole %, among
the entire coenzymes Q,, (fermentation): '

The microbial cells containing rednced coenzyme Qy, at
such fiigh ratio among the entire coenzymes Q,, tan be basi-
cally obtained by cuituring microorganisms capable of pro-
ducing reduced coenzyme Q4 at a ratio of not less than 70
mole %, preferably not less thans 75 mole %, arong the entire
coenzymes Q.

How much ratio the microorganisms can produce reduced
coenzyine Q,, among the entire coenzymes Q,, can be evalu-
ated, for example, by a method comprising culturing the
microorganisms with shaking (amplitude: 2 em, 310 recipro-
cation/inin) at 23° C, for 72 hours in 10 mL of a culture
medium {(glucose: 20 g, peptone: 5 g. yeast extract: 3 g, malt
extract: 3 g)/L, pH: 6.0} using a fest tube (inner diameter: 2]
min, entire Jength: 200 mui).

Although the preferable cultwe conditions for the fermen.-

tatjon production on the industrial scale will be described

later, the above-mentioned cultire-condition is one method
for standardizing the ratio of reduced coenzyme Q,q pios
duced, which microorganisms have as jis ability, so as to
reflect the ratio within the range without having significant
inaccuracies.

Under the above-mentioned culture condition, it is prefer-
able to use microbial cells wherein g content of reduced

KAN-CDCAL-24041¢
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coenzyme Q,q is at a ratio of not Jess than 70 molc %, pref-
erably not less than 75 mole %, among the emire coenzymes
Q,p; for the present invention. 1t is still more preferable 1o use
microorganisms having a productivity of reduced cocnzyme
Qyo per unit culture medium of generally not less than 1
png/ml, preferably not less than 2 pg/ml. under the above-
mentioned culiure condition.

‘I'he ahove-memioned content of reduced coenzyme Q,,
and ratio of reduced coenzyme Q,, among the entire coen-
zymes Q,o can be confirmed by physically disrupting {he
microbial cells, cxlractmg coenzyme Q,, from this-obtained
cells by an organic solvent and pcrfonmmz HPLC analysis.
Specifically, the measurement can be carried out according 10
the following procedures:

(1) The broth of microorganism isoptionally concenirated, 10
poris by volume of the broth are displaced to a scretv cap test
tube (inner diameter: 16.5 mm, entire length: 130 mm), and
10 parts by volume of glass beads are added (425 to 600 pm..
manufactured by SIGMA Co.);

(2)3 paris by volume of isopropanol and 18.5 parts by volume 2
of n-hexanc relative to 10 parts by volume of the broth arc
added under a nitrogen atmospheére;

(3) microbial ccll disription and oxtraction are carried out by
vigorously shuking of the mixture for 3 minutes under a
nitrogen atmosphere; and 2
(4) the obtained hydrophobic organic solvent phase (n-hex-
anc phase) is evaporated (bath temperature: 40° C.) under
reduced pressure (o analyze the resultant by HPLC.

Column: YMC-Pack 4.6x250 mn1 (manufactured by YMC.

w

S

“

=3

Kl
[*4

Co., 1.1d.) 30

Mobile phas¢: miethanol/ii-hexane=85/15

Flow rate: 1 ml/min,

Detection: UV 275 nm

Retention time: reduced coenzyme Q, 13.5 min

oxidized coenzyme Q,,22.0 min 3

The above-mientioned measurement mcthod is provided
for. the obtained result to reflect the reduced coenzyme Q,q
content and the ratio of reduced coenzyme Q,, among the
entirecoenzymes Q, as accurateas possible, and to standard-
ize the content and the ratio of réduced coenzyme Q, 4. which 40
can be guaranteed at the minimum. This methad has been
demonstrated. by several experimentations performed by the
present inventors, casy and suitable to be catried out.

As the above-mentioned reduced coenzyme Q, ~-produc-
ing microorganisms to be used in the present invention, bac- 45
terfa, yeast and fungi may be used without any specific limi-
wtion. As specific examples of the above-mentioned
microorganisms, there may be mentioned, for example;
microorganisms of the genus Agrobacrerium, the. genus

>

Aspergillus, the genus Acetobacier, the genus Aminobacter, 56

the genus Agromonas, the genus Acidiphilium, the genus
Bullerowyvees, the genus Bullera, the genus Brevumdimonas,
the genus Criptococeus, the genus Chionosphacra, the genus
Candida, the genus Cerinosterus, the genus [ixisophiala, the
genus Exobasidium, the genus Fellammcs, the genus Filoba- ss
sidiclla, the genus Fifobasidium, the genus Geoirichum. the
genus Graphiola, the genus Gluconobacter, the genus Kocko-
vaella, the genus Kuresmanomyees, the genus Lalaria, the
genus Lencosporidium, the genus Legionella, the genus

Methylobacterium, the genus Mycoplana, the genus Oospo- 60

ridium, the genus Psendononas. the genvs Psedozyma, the
genus Paracoccus, the genus Petromyces, the genus Rhodol-
orula, the genus Rhodosporidium, the genus Rhizomonas, the
genus Rhodobium, the genus Rhodoplanes, the genus

Rhodopseudomonas, the genus Rhodobacter, the genus 65

Sporobolomyces, the genus Sporidioboliis, the genus- Sai-
toella, the genus Schizosaccharoniyees, the genus Sphin-

SA7

6

gomonas, the genus Sporotrichum, the genus Sympodionti-
copsis, the genus Sterigmutosporidium, the genus Tapharina,
the genus Tremella, the genus Trickosporon, the genus Tille-
tiaria, the genus T, Tllelm the genus Tolvposporitun, the genus
Tilletiopsis. the genus Usnlago the genus Udenioniyces. the
genus Xanthophilomyvees, the genus Xairthohavter, the genus
Paccilomyees, the genus Acrenmonium, the genus Hyhomo-
nus, and the genus Rhizobiim; '

it terms of the culture easiness and productivity, bacteria
(preferably opphotosynthctic bacteria) and yeast are. pre-
ferred. As the bacteria, there may be mentioned, for example,
the genus 4 gmbac‘lermm the genus (JIII(’OI?ObOC/(’r and the
like. As the yeast, there may be meitioned, for example, the
genus S(-/)izosaccharomyces. the genus Saitoella and the like.

As preferable species; there may be mentioned, for
example, Agrobacterium tumefacience IFO13263, Agrobac-
terium  radiobacter ATCC4718, Aspergillus clavatus
JCMI1718, Acctobacter xplinum 1FO35237, Aminobacter
aganoucensis ICM7854, Agromonas oligotmphica JCM1494,
Acidiphilium multivorum ICM8867, Bulleromyces albus
IFO1192, Bullera armieniaca 1FOI0112, Breiundimonas
diminuta  JCM2788, Criptococcus lauremii  1FO0609,
Chionasphaera apobasidialis CBS7430, Candida cinrvata
ATCC10567,  Cerinosterus  hiteoalbus  JCM2923,
Exisophiala alcalophila JICM12519, Exobasidium gracile
IFOT7788, Fellomyces fizhouensis WOI0374, Filobasidiella
neoformans  CBS132,  Filobasidium  capsiuloigenum
CBS1906, Geotriclium capitatum JCM6258, Graphiola
cvlindrica 1FOG6426, Gluconobacter suboxydans 1703257,
Kockovaclla  imperatae  JCMT826,  Kurizmanonnces
nectairei IFO10118, Lalaria corasi CBS275.28, Leucospo-
ridium scotiii \WWQ1212, legionella anisa JCMT7573, Methy-
lobacterium extorguens JCM2802, Mycoplana ramosa
ICM7822,  OQosporidium  margaritiferum  CBS2531,
Pscudomonas  denitrificans 1AM 12023, Pscudomonas
shuylkilliensis 1AM 1092, Psedozyma aphidis CBS517.23.
Paracoccus denitrificans JCM6892, Petromyces alliaceus
IFO7538, Rhodotorula glutinis 1F01125, Rhodotorula
minuta 1F00387, Rhodosporidium diobovaiun: ATCC1830,
Rhizomonas suberifacicns 1F0Q)5212. Rhodobium orienis
JCM9337, Rirodoplanes elegans JCM9224,
Rirodopseudomonas palustris JCM2524, Rhodobacter cap-
sulatus SB1003, Sporobolonyces Jolsaticus 1FO1034,
Sporobolomyces  pararoseus  1FO0471.  Sporidiobolus
Jjohnsonii IFOI840, Saitoella complicata 1FO10748,
Schizosaccharomyces pombe IFO0347, Sphingomonas para-
paucimobilis  TFO15100, Spokotrichum  -cellulophilinm
ATCC20493, Sympodiomycupsis paphiopedili JCM8318,
Stevigmatosporidium polymorphum 1F010121, Sphingomo-
nas  adhesiva  JCM7370, Tapharina caerulescens
CBS351.3S5, Tremella mesenterica ATCC24438, Trichos-
poron cutancum 1FO1198, Tilletiaria anomala CBS436.72,
Tilletia caries ICM1761, Tolyposporium bullatian JCM2006,
Tilleriopsis washintonesis CB8544, Ustilago esculenta
IFO9887, Udeniomyces megalosporus JCM5269, Xantho-
philomyces dendrorhous 1F010129. Xanthobacter flavus
ICM1204, Paccilomyces lilacinus ATCC10114, Acremo-
nivme chryvsogenum ATCC11550. Hyphomonas lnrschmna
ATCC33886, Rhizobium meliloti ATCCI930; and the like.

As the reduced coenzyme Q,o-producing mxcmorgamsms
not only the wild species of the above-mentioned microor-
ganisms but also microorganisms in which the transeription
and translation activities of the génes relevant to the biosyn-
thesis_of reduced coenzyme Q,, in the above-mentioned
microorganisins, or the enxyme activity of the expressed pro-
tein are modified or improved can be used preferably, for
cxample.
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-As the means for modifying or improving thie transéription
and translation activities of the genes or the énzyme activity
of the expressed protein, there may be nzeptioned gene
recombination (including pene improvement, amplification
and desiruction by itself, external gene introducfion, and gene
improventent and proliferation of thus-intraduced external
genés) and mutagenésis by fwtagens. In. particular, the

v

mutageriesis by mutagens i§ preferred.

Themorepreferable microorganisms usable for the present
invention are microotanisms containing reduced coenzyme
Qjq at aratio of 1ot less thian 70 iole %, preferably not less
than 75 mole %, morc preférably notjess than 80 molc %, still
more.preferably not less than 85 ol %, and 'parlicularly
pieferably not Jéss than 90 mole %, aiong the entife coen-
zymes Q,; in the case where the above-mentioned modified
of improved microorganisms, preferably 1icroorganisms
mutated by mutagens, are évaluated by the above-mentioniad
proliferation method and the' measurement method. In ihe
Termetatioi production on the industrial scale, it is prefer-
able 1o use microdrpaitisms having a productivity of reduced
coenzyme Q,, per unit cufture medium of not less than 1
ug/mL, preferably not less than2 pg/ml, more preferably not
less than 3 pg/mL; still more preferably not lessthan s pe/ml,
particular]y preferably not less than 10 pg/mL, much more
preferably not less than 15 pg/mL., and most preferably not
1éss.than 20 yp/mlL.:. .

The mutagenesis may be carried out by a single mutagen-
esis; however, nyutagenesis is preferably carried out not Jess
than 2 times. Thatis betause it was fonad that the productiviy
of reduced coenzyme Q,, can be improved in the respective
Mmutagenvsis steps. It is needless to say.that the candidates of
the microbial cells to be niutated aie, genéral ly, those having
a productivity ofreduced coenzyme Q, as high as possiblein
the case where the cvaluation is carried. qut by the above-
mentioned prolifération method and measurement method.

The mutagericsis can be carricd out by using optional and:
proper nutagens. The term “mutagen” encompasses. in a
board definition, not only chemical agents having mutagen-
esis effects, for example, but also treatitents such as UV
radiation having mutagenesis effects. As examples of proper
nwtangens, there may be mentioned ethyl methaniesulfonate,
UV radiation, N-methyl-N'-nitro-N-nitrosoguaniding, nucle-
otide_base analogues such as hromouracil, and acridines;
howeve, they are'not limited 1o these éxanples.

According 16 a conventional mutagenesis technique, suc-
cessively to the mulagenesis, a proper selection of microbial
cells having high productivity of reduced coenzyme Qo is
cafried out. For that, the cultufe obtained from a siiigle colony
should be evaluated, for example. by the above-mentioned
prolifération method .and measurenient method. Sincé: a
reduced coenzying Q,q crystal forms a whiie solid layerora
colorless liquid phase, a productivity of reduced coenzyme
Qo can besuitably evaluated by the above-meéntioned men-
surement methad at the time of seléction of the colény.

In the processes of the present invention, high productivity
of reduced coenzyme Q, in thie formentation production on
the industrial scale can be achieved partially by using the
nmicrabial cclls containing reduced coenzyme Q,q alaratio of”
not lessthan 70 mole % among the entire coenzymesQ,, and,
partially, by using the suitable conditions of culture (fermen-
tation) forincreasing a productivity of reduced coenzyme Q,
per unit culture medium as described below. It is-particolarly
preferable’ 10 combinedly wse suitablé imicrobial célls
described above and the suitable’ conditions of culture (fer-
mentation) as described below.

The'enlture is carried dut, in general, in a culture medium
containing major nutrients and micronutrichts suited for
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microotganism prolifcration. As the above-mentioned nutri-
ents, there may be mentioned, for example, carbon sources
{e.g. hydrocarbons such as glucose, sucrose, maltose, starch,
corn syrup and molasses; alcohols such as methanol and
ethanol), nitrogen sources (e.g. corn steep liquor, ammonium
suMfate, ammonium phosphate, ammoninm hydroxide. uréa
and pepioné), phosphorus sources (e.g. ammonium phos-
phate and phosphoric acid) and micronuirients (e.g. minerals
such as magnesium, potassium, zinc, copper, iron, manga-
hese. molybdenum, sulfuric acid nd hydrochloric-acid; vita-
mins such as biotin, desthiobiotin ‘and vitamin Bl; -amino
acids such as alaninc and histidine; and natural raw materials
containing vitamins such as yeast extiact and mal extract);
however, these are not limitative ones, and comnionly used
ones may be used. Incidenially, in. natural components of: a
culture miedium, such as yeast exiract; phosphorus sources
such as phosphaies are contaiied, The above-méntioned
autrients can be appropriately used in combination,

The ¢ulture is generally carried out at a teniperature range
of 15 1o 45° C., preferably 2010 37° C. If it is below 15° C.,
the proliferation speed of microorganisms tends to be tao
slow to allow the industrial production @nd st high tempera-
tures exceedirig 45° C., the viability of microorganisdis tends
to be easily hindered..

In genoral, the culture is carried outat a pH range 0f 4 16 9,
preferably 516 8. If the pH is not tore than 3 or not less'than
10. proliferation of microorganisms tends,to be easily-inhib-
ited.

Ini the. ferinentation production on ‘the indistrial. scale,
although it depends on the microorganism species, the can-

centration of the carban sources (including the groduced

aleohols) during thé Culture is preferably controlled to 4 con-
centration that no adverse effects are'substanti ally cansed on
the productivity of reduced coenzyme Q,o. Accordingly, itis
preferable (o control the culture 56 a8 (o have the concentra-
tion of the carbon sources that no adverse effects are substan-
tally caused on the productivity of reduced coenzyme Q0
thatis, generally 16 not niofe thidnt 20 g/L, preferably dof iore
than 5 g/L, and more preferably not more flian 2 g/L in the
broth.

To"control the concedtration of the carban sources, a fed
batch culture method is preferably used. The carbon source
concentration in the broth can be controlied by adjusiing the
supply ‘of nutrient sourees (especially carbon sources) based

on. the cufture control indexes such :as ‘pH, the dissolved.

oxygen conceniration (DO) or the remaining saccharide con-
«<eniration. Although it depends on the microorganism spe:
cies, the'supply of the nutrient sonices may be started from the
initial stage of the culture or during the culture. The supply of
the autrieni sources may be continuous ér intermittent. lnci-
dentally, in supplying the nuirient sources, it'is preferable to
supply the above-mentioned carbon sources to the culture
medium separately from other components.

The culture ¢an be completed at the point when a desired
amount. of reduced coenzyme Q,, is- produced. The culture
duration is got panticularly limited and it is generally 20 to
200 hours. '

The above-mentioned culturc is generally cartied out aero-
bically. The tern “aerobically" means a condition that oxy-
geu is supplied so as not to cause oxygen limitation (oxygen
deficiency) during the culture, and preferably a condition that
oxygen is supplied sufficiently so 25 not to cause substantial
oxyger limitation during the &ulture. The culiure js éarriad
outgenerally underan aera{ioncondition.preféra'b]ynnderan
aeration and stirring condition.

By using the above-inentioned niicrobrganisms and cul-
fure conditions, it becomes possibleto obtain nticrobial cells
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containing reduced cocnzyme Q, o at a ratio of not Jess than 70
mole %, preferably not less than 75 mole % armong the entire
coenzymes Q,o. Furthermore, the productivity _of reduced
coenzyre Q, o of as high as not less ihan 1 pg/mL, preferably

not less than 2 pig/mi. and still more preferably not less than 5

3 pg/mL can be obrained.

Next, recovery of the reduced coenzyme Q,, produced by
the above-mentioned cuiture will be described.

In the present invention, an effi¢ient production of rediced
cocnzyme Q4 on the industrial scale is made to'be possible
partially by the above-mentioned suitable culture and par.
tially by the suitable recovery process of reduced coenzyme
Q, 0 as describud below.

Recovery: of reduced coenzyme Q,q is c'lmed out by’
extraction from the microbial cells obtained by the above- -
mentioned culture using an organic solvent. )

Ia the extraction, cells can be disrupted optionally: The cell.
disruption contribittes. to the efficienl exiraction of the
reduced coenzyme Qo produced and accumulated in cells. It

—
o

(7S

is needless to say that the cell disruption and extraction canbe 20

carried out at the same time.-

Incidentally, “disruption™ in the preseat invemion may be
carricd oui to the extent that the surface structure such as a ceil
wall i¢ broken so as to make extraction of reduced coenzyme
Qo possible; therefore, it is not necessary that microbial cells 2
are torn or fragmentated:

The above-mentioned cell disrupiion is not necessarily
required in the case of bacteria. However, in the case of yeast
or fungi, the cell disrupliou is generally required and, when
cells’ are not disrupted, it becomes difficult 1o cﬂicxently 3
recover the reduced coenzyme Q,, produced and accumu-
lated in the cells..

The above-mentioned disruption of microbial cells can be
carried out by the following one or scveral disruption methods
in optional order. As the disruption method, there may be 3
nicntioned, for cxaniple, a phvsical trcatiment, a chemical
realment, an enzymic treatment us well as a heating treat-
ment.an autolysis, an osmolysis, a plasmoptysis and the like.

The above-mentioned physical treatinent can bé carried

14

w

out, for cxample, by using a high pressure homogenizer, an 40

ulirasonic homogcmzcr. a French press, a ball mill and the
fike or using them in combination.

The above-mentioned chemical treatment can be carried
out, for example, by using an acid (preferably a strong acid)

stich as hydrochloric acid and sulfuric acid, a basc (preferably 45

4 strong base) such as. sodium hydroxxde and potassivm
hydroxide and the like or using them in combination.

The above-mentioned enzymic treatment can be carried
out, for example, by using lysozyme, zymolyase, glucanase,

Novozyme, proteasc, cellulase and the like or by using them 50

appropriately in combination.

The above-mentjoncd heating treatment can be carried out,
for example, by heating to the temperature range of 60 1o 100°
C. for about 30 minutes to 3 hours.

The above-meniioned autolysis can be carried out. for 55

cxample, by treatment with a solvent such as ethyl acetate.
The osmolysis or the plasmoptysis for disrupting cells by

trealing cclls with a’solution having a differcat salt concen-

tration from that in the cells are often combinedly used with

the above-mentioned physicaltreaiment. chemical treatment, 60

enzymlc treatment, ‘heatirig treatinent, autol) sis and/or the
fike since 1hie above Iytic method alone is insufficient in the
‘disruption effect.

As the cell disruption method as a pretreatment of cxtiac-
tion and recovery of reduced coenzyme Q,q. among the &
above-memioned disruption methods;, the physical treatment,
the chemical treatment (particularly, an acid ireatment and

i
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preferably the one with a strong acid (c.g. anacid having a
pKa valuc of not more than 2.5 in the form of an aqueous
solution) under the condition that reduced coenzyme Q,q is
protected from an oxidation réaction as described below) and
the heating treatmerit are preferred. From the viewpoint of
disruption efficiency, the physical trcatment is more pre-
ferred.

A convertional cell disruption methiod and coenzyme Q,q
extraction niethod, specifically, a method comprising extract-
ing coenzyme Q,o by an organic solvent in the presence of

‘sodium hydroxide and pyrogallol has problems in terms of

cost, waste treatment, safety in effective wtilization of waste
microorganisms (waste cells) such as recovery of proiein, and
the like. However, the cell disruption mettiod, particulatly the
physical treatmént method of the present invention, does not
cayse subgeneration of a large quantity of salts by nentraliza-
tion, and is a suitable.method from a viewpoint of the waste
treatment and the effective utilization of waste microorgan-

isms (waste cells).

The forni of the microbial cells 10 be used forthe above-
mientioned cell -disruption may be o broth, a concentrated
broth, microbial cells collected as wet cells fmm the broth, a
pmduc( oblained by washing them, a suspension of the wet
cells in a solvent (includiig, for example, water, physiologi-
cal'saline solution, buffers and the like), dry cells obtained by
drying the above-meniioned wet cells, a suspension of the dr)
cells in a solvent (including, for example, water, physiologi-
cnl saline solution, buflers and the like), and the like. Pre-
ferred js an aqueous suspension of microbial cells. and in
terms of operability and the like, more preferred are the broth,
ihe concentrated broth. and the product obiained by washing
them.

The form of the above-mentioned microbial cells or dis-
rupted product thereof to be used for extraction and recovery
of reduced coenzyme Q,  is. similarly as described above, not
particularly limited and may be wet calls/dry cells of the
microbial cells/disrupted product thereof. Preferably. il is an
agueous suspension of the microbial cells or disrupted prod-
uct thereof, and more preferably the broth, the concentrated
and/or washed broth, or sofutions obtained by disrupting
them (cach of them is an aqueous suspension).

The cel) concentration in the above-mentioned suspension
of the microbial cells or disrupted product thereof is not
particularly limited and is gencrally 1 10 25% by weight onthe
basis of dry weight. Preferably, it is 10 to 20% by weight i
lerms of ¢ost.

Reduced coenzyme G, can be recovered by extracting the
microbial cells and disrupted product thereof obtained in such
a manner by an organic solvent.

As the organic solvent to be used for the extraction, there
may be mentioned bydrocarbons, fatty. acid esters, cthers,
alcohols, fatty acids, ketones, nitrogen compounds (mcludmg
nitrites and amtdes) sulfur compounds and the like.

Particularly, in exiracting reduced coenzyme Q, o, in lerms
of protection from oxidation by a molecular oxygen, at least
onc species of hydrocarbons, fatty acid esters, ethers, and
nitrites is preferably used. Among them, hydrocarbons and
fatty acid esters are particularly preferable. and hydrocarbons
are most preferable.

On the industrial production scale, complete oxygen ¢limi-
nation is very difficuit to be achieved uiid, furthermore, fairly
long periods of time are required for mdlvxdual operations,
unlike Jaboratory scale pmducuon so thai residual oxy gen
cxeris a great adverse effect. The oxidation in question is
directly connected to a subgeneration of exidized coenzyme
Q)5 from reduced coenzyme Q,,. Accordingly, usc of the:
abave-mentioned ofganic solvent (such as bhydrocarbons,:
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fatty acid csters; cihers, and nitrites) with high oxidation
prevention effect in the extraction of reduced coenzyme Q,,
assists an efficient extraction.

The hydrocarbons ate not particularly restricted, but there
njay be mentioned, for exaniple, aliphatichydrocarbons, aro-
matic iydrocarbons, halogenated hydrocarbons, and the like.
Preferred are aliphatic hydrocarbons and aromatic hydrocar-
hons, and more preferred ate aliphiatic hydrocarbons.

The aliphatic hydrocarbons aré not particularly restricted,
and may be cyclic or acyclic, or saturated -or unsaturated.
However, geiicrally, saturated ones dre preferably used. Usu-
-ally, ones containing 3 to 20 carbon atoms, preferably Sto 12

carbon stoms, and more preferably 5 to 8 curbon atons are

used. As specific examples, there may be mentioned, for
example, propane, butane, isobutane, pentane, 2-methylbu-
fane, hexane, 2-methylpentane, 2.2-dimethylbutane, 2,3-
dimethylbutane, heptane. heptasie isomers (e.g. 2-methylhex-
ane,  3-methylhexane, 2.3-dim-cthylpentane,  2,4-
dimethylpentane), octane; 2,2 3-trimethylpentane, isoociane,
nonane, 2,2,5-trimethythexdne, decane, dodecane, 2-pen-
terie, 1-hexene, 1-heptene, 1-octenc; I-nonene, I-decene,
.cyclopentane, methyleyclopentane, cyclohexane, methyley-
clohexanc, cthyleyclohexane, p-menthane. cyclohexenc, and
the Jike. Preferred are pentane, 2-methylbutane, hexane,
2-methylpentane, 2.2-dimethylbutane, 2,3-dimethylbutane,
heptane, heptane isomers (e.g. 2-methylhexane. 3-methyl-
hexane, 2:3-dimethylpentane,'2,4-dimethylpen‘lanc), octane,
2,2, 3<trimethylpentanc, isooctane, nonane, 2,2,5-trimethyl-
hexane, decane, dodecane, tytlopentane, methylcyclopen-

{ane; cyclohexane, methylecyclohexane, cthyleyclohexance,

p-menthane, and the like. More preferred are pentane, 2-me-
thylbutane, hexane, 2-methylpentane, 2,2-dimethylbutane,
2,3-dimethylbutane, héptane, hepiane isomers (e.g. 2-meth-
ylhexane, 3-methylhexane, 2,3-dimethylpentane, 2,4-dim-
elhylpentane), octane, 2,2.3-trimethylpentane, isouctane,
cytlopentatie, methyleyclopentane, cyclohexane, methyley-
clohexune, ethyleyclohexane, and ihe like.

Generally, heptanes, not only heptane but also hepiane
isomers such as methyleyclohexane having 7 carbon atoms
and a mixture (hercof are preferably used. More preferred are
pentancs {e.g. pentane and the like) having 5 carbon atoms,
bexanes (¢.g. hexane, cyclohexaiie and the like) having 6
carbon atoms, and heptanes (e.g. heptane, methyleyelahex-
ane and the like) having 7 carbon atonss. Particularly pre-
ferred are heptances (e.g. ieptzne, methylcyclolicxane and the
like) in terms of especially high protection effect from oxi-
dation; and the. most preferred is heptane.

The aromatic hydrocarbons are not particularly restricted,
but generally ones contdining 6 to 20 carbon atoms, prefer-
ably G io 12carbon atoms, and more preferably 7 1o 10 carbon
atoms are used. As specific examples, there may be men-
tioned, for example, benzene, toluenc, xylene, o-xylene,
m-xylege, p-xylene, ethylbenzene, cumene, mesitylene,
tetralin, butylbenzene, p-cymene, cyclohexylberizene, dieth-
ylbenzene, pentylbenzene, dipentylbenzene, dodecylben-
zene, styrene, and the like. Preferred are toluene, xylene,
o-xylene, m-xylenc, p-xylene, ethylbenzene, cumene, mesi-
tylene. tetralin, burylbenzene, p-cymene, cyclohexylbenzenc,
diethiylbenzene, pentylbenzene and the Jike. More preferrcd
are toluene, xylene, o-xylene, m-xylene, p-xylene, cumene,
tetralin and the like, and most preferred is cnmene.

The halogenated hydrocarbons are not particularly
restricted, and may be cyclicor acyclic, or saturated or unsat-
urated. However, acyclic ofies dre preferably used in general.
Usually, more preferred are chlorinated hydrocarbons and
fluorinmed hydrocarbaris, and chiorinated hydrocarbons are
still more prefeited. Additionally, ones confaining 1 to 6
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carbon atoms, preferably 1 to 4 carbon atoms. and more
preferably 1 to 2 carbon atoms are suitably used. As specific
examples, for example, there muy be mentioned dichlo-
romethane, chloroform. carbon tetrachloride, 1,1-dichloroet-

hane, 1 .2-dichloroethane, 1,1,1 -trichloroethane, { 2142-
tichlorpethane, 1,1,1,2-tetrachlorocthane, 1,122
tetrachloroethane, pentachlorocthane, hexachloroethane,

1 1-dichlordethylerie, | s2-dichlorocthylene, trichloroethyl-
enc, tetrachloroethylene, 1,2-dichloropropane, 1,2,3-trichlo-
fopropane, chiorobenzene, 1,1,1,2-tetrafluoroethane, anid the
like: Preferred are dichloromethane, chioroform, carbon tet-
rachloride, 1,1-dichlorocthane, 1.2-dicliloroethane, 1,1,1-
trichloroethane, 1,1,2-trichloroethane, 1,1 -dichloroethylene,
1,2-dichloroethylene, trichloroethyleine, chlorobenzene, 1.1,
1,2-tetrafluoroethane, and the like. More preferred are dichlo-
romethane, chlorofonm, 1.2:dichloroctbylene, trichloroethy)-
ene, chlorobenzene, 1,1.4,2-tetrafluoroethane and the like,

The fattyacid éstersare notpanticularly restricted, but there
_may be mentioned, for example, propionates, acetates, for-
mates. and the like. Preferred are acetates and formates, and
more preferred are acetates. Ester functional groups thereof
are not particularly restricted, but. in gencral, preferred are
alkyl esters having 1 to 8 carbon atoms and aralkyl esters
having 7 10 12 carbon atoms, more preferred are alkyl esters
having 1 to 6 carbon atoms, and still more preferred are alkyl
esters having 1 to 4 carbon atoms.

As specific examples of the propionates, there may be
mentioned, for example, methyl propionate, ethyl propionate,
butyl propionate, isepentyl propionate, and the Jike. Preferred
are ethyl propionate and ihe like. N

As specific examples of the acetates, there may be men-
tioned, fof example; methyl acetate. cthyl acetate, propyl
acelate, iSopropy] acetate, buty} acctate, isobuty] fcetate, sec-
butyl acetate. pentyl acetate; isopentyl acciate, sce-hexyl
dcetate, cyclobexyl acelate, benzyl acetate. and the like. Pre-
ferred are incthyl acetate, othyl acciate, propyl acctate, iso-
propyl” acetate, butyl acelate, isobuty!l acelute, sec-buiyl
acetate, penty] acetate, isopentyl acetate, sec-hexyl acetate,
cyclohexyl acetate, and the like. More preferred. are methyl
acetate; ethyl acetate, propyl acetate, isopropyl acctate, butyl
acetate, isobutylacetate, and the Jike. Most preferred is ethyl
acelate.

As specific examples 6f the formates, there may be men-
tioned, for example, methy] formate, ethyl formate; propy!

$ formatc, isopropyl formate, butyl formate, isobuty! formate,

sec-butyl formate, pentyl formate, and the like. Preferred are
methyi formate, ethyl formate, propy! f ormate, butyl formate,
isobutyl formate, penty] formate, and tlie like. Most preferred
is ethyl formate. '

The ethers are not particularly restricied, and may be cyclic -

oracyclic, or saturated of unsaturated. But saturated oncs are
preferably used in general, Generally, ones containing 3 to 20
carbon atoms, preferably 4 to 12 carbon atoms and more
preferably 410 & carbon atoms are vised. A s specific examples,
there may be meationed, for example, diethy! ether, methyl
tert-buryl ether, dipropyl ether. diisopropyl ether, dibutyl
ether, dibexylether, ethyl viny] ether, buty! vinyl ether, anisol,
Rhcncaolc_. butyl pheny) ciher, methoxytoluene, dioxane,
turan, 2-methylfuran, tetrahydrofuran, tetrahydropyran, eth-
ylene glycol dimethy] ether, ethiylene glvcol diethyl ether,
ethylene glyeol dibuty! efher, ethylene glycol monomethy!
ether, ethylene glycol monoethyl ether, ethylene glycol
monobuiyl ether, and the like. Preferred are dicthyl ether,
methyl tert-butyl ether, dipropy] cthet, diisopropyl ether,
dihuty] cther, dihexy} ether, anisol, phenetole, huty! pheny!
ether, methoxytoluene, dioxane, 2-methylfuran, tetrahydro-
furan, telrahydrdpyran. ethylene glycol dimethyl.ether, cth-
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ylene glycol dicthyl cther, cthiylene glyeol dibutyl ciher, cth-
ylene glycol monomethyl ethier, etliylene glycol monoethyl
cther. and the like. More preferred are diethyl ether, methyl
tert-butyl cther, anisol. dioxane, tetrabydrofuran, ethylene
glycol monomethyl ether, ethylene glycol monoethy! ether,
and the like. Still more preferred are ‘dicthy! ether, mclhyl
tert-butyl ether, anisol, and the fike, and most prcferred is:
methy] tert-butyl.ether,

The alcohols dre not particularly. restrcted but may be!

cyclic or acyelic, or saturated or insaturated. Satusatéed ones |

are generally preferred, however. Generally, oncs containing
1 to 20 carbon atoms, more preferably 1 to 12 carbon atonis,
and still more preferably 1 (0 6 carbon atoms aretised. Among
them, monohydric alcohols containing 1 10 § carbon atoms,
diliydric alcohols containing 210 5 carbon atoms, and trihy:
dric alcohols containing 3 ‘carbon atoms are preferred.

_ As specific examples of these alcohols, there may be men-
tioned, for example. monohydric alcohols such as methanol.
ethanol, 1-propanol, 2-propanol; 1-butanol. 2-butanol, isobu-

1yl alcoho). tert-burtyl alcchol, 1-pentanol, 2-pentanol. 3-pen- 2

tanol, 2-methyl-1-butanol, isopentyl alcohol, feri-peniyl
a]coho]v 3-methyl-2-butanol, aeopentyl aleohol; 1-hexanol,
2-mcthyl-1-pentanol;  4-methyl-2-pentanol, 2-cthyl-1-bu-
tanol, 1-heptanol, 2-heptanol, 3-heptanol, 1-octanol, 2-oc-
ianol. 2-ethyl-1-hexanol, 1-nonanol, {-decanol, 1-undecanol,
1-dodecanol, alivl aleohol, propargyl alcohol, benzyl aleohol,
cyclohexanol. 1-methylcyciohexanol, 2-methylcyciohex-
anol, 3-methylcyclohiexanol, 4-methylcyclohexanol, and the
like; dihydric alcohols such as 1.2-ethanediol, 1,2-propan-

diol, 1,3-propandiol, 1.2-butanediol, 1,3-hutanediol, 1,4-bu- 3

tanediol, 2,3-butanediol, 1,5-pentanediol. and the like: and
trihydric alcoliols such as glycerol, and the like.

As the monohydric alcohols, preferred are methanol, etha-
nol, 1-propanol, 2-propanol, {-butanel, 2-butanol, isobutyl
alcohol, fert-butyl alcohol, 1-pentanol, 2-pentanol, 3-pen-
tanol, 2-mcthyl-1-buianol, isopenty! alcohol, tert-pentyl
aleohol, 3-methyl-2-butanol, neopentyl alcohol, 1-hexanol,

2-methyl-1-pentanol, 4-methyl-2-pentanol. 2—clh)1 1-bu-
tanol 1-heptanol, 2-heptanol, 3-hepianol, 1-octanol, 2-oc-
tanok.2-cthyl-1-hexanol, 1-nonanol, 1 -decanol, 1-undecanol,
1-dodecanol, benzy] alcohol, cyclohexanol, 1-methyleyclo-
hexanol, 2-methylcyclohexanol.  3-methylcyclohexanol,
4-methylcyclohexanol, and the like. More preferred are
methanol, éthanol, 1-propanol, 2-propanol, 1-butanol, 2-bu-
tanol, isobutyl alcohol, tert-buty! aleohol, 1-pentainol, 2-pen-
tanol, 3-pentanol, 2-methyl-I-butanpl, isopentyl alcohol,
tert-pentyl alcohol, 3-methyl-2-butanel; neopenty! alcolol,
-hexanol,  2-methyl-1-pentanol,  4-methyl-2.pentanol,
2-ethyl-1-butanol, cyclohexanol, and the like. Still more pre-
ferred are methanol, ethano), 1-propanol, 2-propanol, 1-bu-
tanol, 2-butanol, isobutyl alcohol. tert-butyl aleohol, 1+pen-
tanol, 2-pentanol, 3-pentano], 2-methyl-1-butanol, isopentyl
alcohol, tert-pentyt alcohol, 3-methyl-2-butanol, neopentyl
alcohol, and the like. Particularly preferred dre methanol,

ethanol, 1-propanol, 2-propanol, 1-butanol, 2-butanol, isobu- s

tyl alcohol, 2-methyl-1-butano), isopeniyl alcohol, and the
like. Most preferred is 2-propanol.

Asthe dihydric alcohols, preferred ere 1.2-cthanediol. 1,2-
propandiol, 1,3-propandiol, and the like. Most preferred is
1.2-cthanediol.. As the trihydric alcohols, glycerol is pre-
ferred.

As fatty acids, there may be mentioned. for example, for-
mic acid, acetic acid, propionic acid, and the like. Preferred
are formic acid and acetic acid, and most preferred is acetic
acid;

The ketones arc not particularly restricted, and ones having
3 to Gearbon atoms are preferably used. As specific examples.
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‘there may be mentioned, for example, acctone, methyl cthyl

ketone, methy! butyl ketone, methyl isobutyl ketone, and the
like. Preferred are acctone and methy] ethyl ketoie, and most
prefeired is acetone.

The nitriles are a0t particularly restricted, and may be
cyclic or ac»chc or saturated of unsaturated. However, satu-
raled ones are preférably used in gencral. Generally, ofes
confaining 2 to 20 carbon atons, preferably 2 to 12 carbon
atoms, and more preferably 2 to 8 carbon atoms are used.

As specific examples, there may he meniioned, for

example, acetonitrile, propiononiltile, malononitrile, buty-
ronitrile, isobutyronitrile, succinonitrile, valeronitrile, glu-

‘taronitrile, hexanenitrile, heptyleyanide, octylcyanide, unde-

dodecanenitrile, tridecanenitrile,

Stearonitrile, chloroacelonitrile, bro-
moaceionitrile, chloropropiononiirile, bromopropiononitrile,
meihoxyacetonitrile, methyl cyanoacetate, cthyl cyanoac-
ciate, tolunitrile, benzonitrile, chlorobenzonitrile, bromoben-
zonitrile, cv’mubcnzonc acid, nitrobenzonitrile, anisonitrile,
phlln)omlnle bromotolunitrile, methyl cyanobenzoate,
methoxybenzonitrile, acetylbenzonitrile, naphthonitrile;
biphenylcarbonitrile, phenylpropiononitrile, phenylbuty-
ronitile, methylphenylacetonitrile, diphenylacetonitrile,
naphthylacetonitrile, nitrophenylacetonitrile, chiorobenzyl-
cyanide, cyclopropanecarbonitrile, cyclohexanecarbonitrile,
cycloheptanecarbonitrile, phenylcyclohexanccqrbonnnIc,
tolylcyclohexanecarbonitrile, and the like,

Preferred afe acetonitrile, propiononitrile, succinonitrile,
hutyronitrile, lsobutymmmle virleronitrile, methylcyanoac-
cate, ethyl cydnoacctate, bénzonitrile, tolunitrile and chlom-
propiononitrile. Morc preferred are acetanitrile, propiononi-
trile, butyroriitrile and isobutyronitrile, and most preferred is
acctonitrile.

As the nitrogen compounds other than nitriles, there may
be mcentioned, jor ‘cxample, amides such as formamide,
N-methylformamide, N.N-dimethylformamide, N,N-dim-
ethylucefoamide, N-methylpyrrolidone, and nilmmc’lhanc,
triethylamine, pyridine, and the like:

As the sulfur compounds, there may be mentioned, for
ckample, dimethy] sulfoxide, sulfolane, and the like,

In selecting the organic sélvent to be used from among the
mg:mic solvents mentioned above, such propertics as boiling
point and viscosity (¢.g. the solvent should have a boiling

canenitrile,

point which aliows appropriate warming for increasing solu-

bility and facilitates a solvent remowil from wet masses by
drying and solvent recovery from crysiallization filtrates and
the like (about 30 to 150° C. at | atm), a melting point such
that solidification hardly occurs in handling at room tempera-
ure as well as npon cooling to room teniperature or helow
(not lower than about 0° C., preferably not lower than about
10°C., more preferably not lower than about 20° C.),anda
Tow vlscosny (not higher than about 10 cp at 20° C. and the
like)) are preferably taken into consideration.

The oxidation prevention effect on reduced coenzyme Q.
in a solvent tends to increase in 4 highly-concentrated solu-
tion of reduced coenzyme Q,q. Reduced coenzyme Q,q
shows high solubility in the above-mentioned organic sol-
vents with high oxidation prevention effect {e.g. hydrocar-
bons, fatty acid esters and the like). The high solubility makes
it possible to handle the highly-concentrated solution and 10
promote the oxidation prevention. A preferable concentration

of reduced coenzyme Q,, for oxidution prevent ionatthetime

.of extraction is not particularly limited, but is generally not
less than 0.001% by weight, prefeﬂbly not less than 0.01% by
weight, and niore preferably not Jess than 0.1% by weight as
the concentration of reduced coenzymie Q,q in the above-
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mentioned organic solvent, The upper fimit is not particularly
limited, however, in general, it is nof more than 10% by
weight.

Amopg the above-mentioned organic solvents, to extract
and recover reduced coenzyme Q,, from wet cells and dry
cells of the microbial celis or disrupted product thereof,
hydrophilic organic solvents are preferably used. Specifi-
cally, theré may be menfioned acétone, acétonitrile, metha-
nol, -ethanol, }-propanol, 2-propanol and the like.

Furthermore, among the sbove-mentioned organic sol-
vents, 1o extract and recover reduced coenzyme Q, ¢ from thic
aqueous suspension of the microbial cells or dismipted prod-
et thereof, hydrophobic organic solvents are prelerubly
used. Use of such solvents assists the removal of water-
soluble substances derived from microorganisms. Maay of
hydraphobic organic solveis have high oxidation prevention
effect as described above, thus are very advantageous.

_As the hydrophobic organic solvents, hydrocarbons, fany
acid esters and cthers are preferred.

in the casé of the above-mentioned extraction operation,
when reduced coenzyme Q, 4 is extracted from the aqueoug’
suspension of the microbial cells or disrupted product thereof;
particularly from th¢ aquedus suspension of the disrupted
product, further paticularly the case in whicli the disrupted
product is physically treated, by an organic solvent, emul-
sions tend to be partly formed because of the presence of cell
components such a5 proteins and phase separation tends to be

difficult. Therefore, it becomes important to suppress the

formation of emulsions niéntioned above and to cfliciently
carry out extraction.

For that, as an extraction solvent, in addition to the above-
mentioned hydrophobic organic solvent, it is preferable fouse
a hydraphilic organic solvent as an auxiliary solvent in com-
bination.

In this cuse, the hydrophobit organic solvent is not particu-
Jarly liniited and those mentioned above may be used. Pre-
ferred are hydrocarbons, and more preferred are aliphatic
hydrocarbons. Among the aliphatic hydrocarbons, those hav-
ing 510 § carbon atoms are preferably uscd.

| As specific exaniples of the aliphatic hydracarbons con- 4

taining 5 to 8 carbon atoms, thére may be nientionied, for
cxamiple, pentane, 2-methylbutane, hexane, 2-méthylpen-
tane, 2.2-dimethylbutane, 2,3-dimethylbutane, heptane, hep-
tane isomers {e.g. 2-methylhexanc, 3-methythexane, 2.3-
dimethylpentane, 2,4-dimethylpeniane),  octane, 2.2,3-
trimethylpentane, isvoctane, cyclupentane,
meihylcyclopentane, ¢yclohexane, methyleyclohexane, cth-
yleyclohexane, and the like. Particularly prefeired are hex-
ane, heptane and methylcyclohexane, and most preferred are
hexane and heptane.

‘The hydrophilic organic solvent o be used in combination
with the above-mentioned hydrophabic organic solvent is not
particularly limited and {hose mentioned above may be used.
Preferred are alcohols. Among the alcohols, monchydric
alcohols having 1 1o 5 carbon atoms are preferably used. As
specific examples thereof, there may be mentioned, for
example, methanol, ethanol, 1-propanol, 2-propanol, 1-bu-
tanol, 2-butanol, isobutyl aleohol, tert-butyl aloohol, 1-pen-
tanol, 2-pentanol, 3-pentanol, 2-methyl-1-butanol, isopentyl
aleohol, tert-pentyl alcohol, 3-methyl-2-butanol, neopentyl
aleohol, and the like. Particularly preferred are mgﬂmno],
ethanol, 1-propanol and 2-propanol, and most preferred is
2-propanol.

The amounts 6f the above-mentioned hydrophilic crganic
solvent and hydrophobic organic solvent to be nsed are not
particularly timited. But preferably, as the concentration at
the time of extraction; the hydrophilic organic solvent is used

SA12

5

3

30

45

50

60

o
<

16

inarange of 5 to 50% by volume and the hydrophobic organic
solvent is used in a range of 25 10 65% by volume relative to
the iotal volume of the entire solution.

In recovering reduced coenzyme Q, 4, the temperature at
the lime of extraction is not panticularly limited and is gener-
ally in a range of 0 10 60° C. and preferably 20 to 50° C,

As the extraction method, both batch extraction and con-
tinuous extraciion (preferably countercurrent multisiage:
extraction) may be used. However, the continuous extraction
{preferably countercurrent multistage extraction) is prefer-
ablein termis of produictivity, The stirring durafion in the batch
extraction is not particularly limited but is gencrally not loss
thun 5 minutes. The average retention time in the continuous
extraction is not particularly Jimited but is generally nof less.
than 10 minutes.

In recovering rediced coenzyme Q, .. it is preferable 1o be
careful so that reduced coenzyme Q, 4 s notdecom poscd (e.g.
50 that reduced coenzyme Q,, is not oxidized to oxidized
cocnzyme Qo). For that, the above-mentioned extraction.
{including celf disruption) is preferably carried out under an
acidic 1o a weakly basic condition, and more preferably under
an acidic to a neutral condition. In the case where a pHis used
as an index. although it depends on the contact (ime, the pHis
generally not more than 10, preferubly not more than 9. more

- preferably not more than 8, and still more preferably notmore

thaii 7.

By the above-mentioned conditions, an oxidation reaction
can be substantially prevented and, optionally. more strictly.
the above-mértioned cell. disruption and/or cktraction are
preferably carried ot under the condition that reduced cagn-
zyme Qo is protected from an oxidation reaction. It is pref-
erable to carry out at least the extraction under this condition.
and it is more preferable to carry out the disruption wid the
extraction under this condition.

As “the condition that reduced coenzyme Q. I8 prolected
from an oxidation rcaction” means, for cxample, a deoxygen-
ized atmospbere (an atmosphere of an inert gas suclras nitro-
gen gas, carbon dioxide pas, helium gas, argon gas or hydro-
gen gas, reduced pressure, a boiling condition); a high salt
concentration condition, for example, preferably a condiiion
where salts (€.g. inorganic salts §uch as sodium chloride arid
sodium suifate) are cantained in not less than about 5% in an
aqueous phase; the condition in the presence of a strong acid
{e.g- an acid with a pKa value of not more tha 2.5 n ai
aqucous solution), for example, in the presence of ot Jéss
{han 0.1 mole % of the strong acid rélative to 1 mole of
reduced coenzyme Q,q; and the condition in the presence of
an antioxidant, for example, in the.concomitant presénce of
ascorbic acid, citric acid, salts and esters thereof (e.g.notless
than 0.1% by weight of themn relative 1o teduced coenzyime
Qu0). There may alse be mentioned a reduction condition (a
condition in which oxidized coenzyme Q1o can be converted
into reduced coenzyme Q, ), for example. a condition involv-
ing a contact with a reducing agent such as dithionous acid.

By the above-mentioned culture (fermentation) and extrac-
tion, reduced coenzyme Qy coin be suitably produced and
recovered. Preferably, an extract containing not less than 70
molc %, preferably not less than 75 mole % of rediced
coenzyme Q, among the entire coenzymes Qyp is obtained.

Thus-obtained extract¢ontaining reduced coenzyme Q,pis
optionally pusified by column chromatography, reduction
treatment, or thie like and then subjected to crystallization to
obtain high-putity reduced coenzyme Qy crystals. Incideén-
tally, also in this case, a series of treatment steps are prefer-
ably F:m'icd out under “the condition that reduced coenzyme
Q b‘oo Is protected from an oxidation feaction® fisentioned
above,
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In the present invention, oxidized coenzyme Q,, can be

produced by oxidizing the above-fnentioned microbial cells
or dismipted product thereof and then éxtracting oxidized
coenzyme Q,, by an organic solvent, or extracling reduced
coenzymeé Q,, frorh the microbial cells or disrupted product
thereof by an organic solvent, purifying optionally and oxi-
dizig the resultant to oxidized coenzyme Q.

The above-mentioned oxidation may be carried out by, for
example, mxxmg reduced coenzyme Q, , (preferably an aque-
ous suspension of the mictobial cells or disritpted product
thereof containing reduced coenzyme Q,,, an extract contain-
ing reduced coenzyme Q, , or the like) with an oxidizing agent
(e.g. manganese dioxide or the like) and then, for exdmple‘
-oxidizing the mixture at room teniperature {e.g. 30°°C)) for
not less than 30 minutes. In the case where the microbial cells
or disrupted product thereof are oxidized, ‘the extraction
operation of oxidized coenzyme Q,'can be catried out in the
same manner as tlie above-mentioned extraction operation of
reduced coenzyme Q,,,. Thereby,oxid ized coenzyme Q;,can

be efficiently recovered. Incidentally, it is not necessary 10 2

carry aut the recovery of oxidized coenzyme Q, , under “the
condition that reduced coenzyme Q,,, is protected from an
oxidation reaction™, which is reommended for the recovery
of reduced cocmyme Q,oand therecovery may be carried out
in consideration of general safe operation and the like. The
thus-obtainéd oxidized coenzyme Q,, may be optionally
purified by column chromatography or the like, and, finally
by conducting crys_lalhzahqn operation, high-purity oxidized
coenzyme Q,, crystals may be obtained.

BRIEE DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a schematic diagram of a countercurrent
3-step continuous extraction apparatus used in Example 8.

BEST MODE FOR CARRYING OUT THE
INVENTION

The following cxamples illustrate the present invention in
further detail. These examples are, however, by 1o means
limitatjve 6f the scope of the presest invention.

Fixample 1

Vatious coenzyme Q,-producing thi¢roorganisms shown
in the following Tables 1 to 3 were cultured with shaking
{amplitude: 2 em, 310 reciprocation/min) at 25° C. for 72
hoursin 10 mL of culture media [(glucose: 20 g, peptone: S5g.
yeast extract: 3 g, malt extract: 3 g)/L, pH: 6.0] using test
twbes (inner diameter: 21 mm, entirelength: 200 mm), and the
obtained broth were optionally concentrated. Under a nitro-
gen atmosphiere, in the concomitant presence of 3 parts by
volume of isopropanol and 18.5 paris by volume of n-hexane
relative to 10 parts by volume of the breth, the obtained
solutions were vigorously shaken for 3 minutes using 10 parts
by volume of glass beads (425 to 600 um) to carry out cell
disruption and extraction. The obtained hexane phases were
cvaporated (at 40°°C.) under reduced pressure and analyzed
by high performance liquid chromatography (HPLC) to
determine the ratio and the production amount of reduced
coenzyme Q.

HPLC conditions

‘Column: YMC-Pack 4.6x250 mm (manufzctured by YMC.

Co., L1d)

Mob:le phase: methanol/n-hexane=85/15

Flow rate: 1 mL/min

Detection: UV 275 nm
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The results are shown in Tables 1 t6 3. The ratio of reduced
coenzyme Q, , means a mole percentage value of the ratio of
reduced coenzyme Q, , relative to the total of oxidized coeri-
zyme Q,, and reduced coenzyme Qj, on the basis of the areas

- of the peaks of reduced coenzyme Q,; and oxidized coen-

zyme Qo and the ratio of the mole absorption coefficients
thereof (1:7.5).

TABLE 1
Upper stand:
Ratio of rediced
coenzyme Q10(%6)
Lower stand:
Production amouat
of reduced coenvyiie
Strain name Q10 (ug’ml)
Agrobacterim tumefocieice IFO 13263 82
7
Agrobavserium radiobacter ATCC 4718 78
7
Aspergillus clavatus JICM 1718 83
2
dccwbacter xvlinum IF015237 77
”
Aminahacter ggunonensts JOM 7854 rol
3
Agromounas oligotrgphica JCM 1494 75
2
Acidiphitiam mudtivoram ICM 8867 73
3
Bulleromyees albus IFQ 1192 72
5
Bullest armeniaea 1FQ 10112 BS
. 7
Brevimdimonas diminuga JOM 2788 82
3
Cryprococeus turetii IFO 0609 79
&
Chionpsphaera apobasidialis TS 7430 71
2
Candida curnvata ATCC 10567 4.
3
Cerinosterus lutcoalbus JCM 2923 7%
¢ s . p
Exisophiala alcalophila ICM 12519 77
3
Eaobasidium gracile IFQO778R 79
2
Fellomyees fichouensis IFO 10374 n
2
Filobasidiella neaformans CBS 132 88
. 2
Filobasidium capsuloigenum CBS 1906 82
3
Geotrichum capitgnim JICM 6258 77
3
Gragliiola cytindrica IFO 6426 75
4
Gluconobacter stboxydaps TFO 3257 86
. 6
Rockovaella imperatae JOM 7826 T8
2
TABLE 2
Upper stand:
Ratio of reduced
cocnzyme QLU (95)
Lower stand:
Production amor
) of reduced toenzymic
Strain name ] Q10 (ue/mb)
Kirenianomyces ectairei IFO 10118 79
5>
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‘TABLE 2-continued TABLE 3~continued
Lipper stand: Upper stand:
Ratio.of reduced Ratio ofrediiced
coenzyme Q10 {%) coenzyme:Q1d (95}
Lower stand: § . Lowerstand:.
Production amoun Production amount
of feduced coenzyme of reduced coenzyme
Strain name Q10 (pp/inly Strain name Q10 {pg/ml)
Lalaria cerasi CBS 27528 75 Taphearina caerdescens CBS 351,35 31
. 2 10. 2
Leucosporidium seortii IFO 1212 88 Tremella mesepterica ATCC 28438 89
6 3
Legionella anisa ICM 7573 73 Dichosporor cutaneun TO 1198 83
3 : 8
Methyiohaaeriun extorguens JOM 2802 g Tictiarie anomala CBS436.72 75
2 3 4
Micoplana ramosa JOM 7822 -80 3 Tilletin corfes IOV 1761 80
2 3
Oosporidium margaritiferiin CBS2531 % Tolyposparinm buildrum JCM 2006 73
2 4
Pseudonmoras denitrificans IAM 12023 8 Tillesiopsis waskintoriesis CHS 344 76
8 . 2
Pseudomonas slupdkilliensis TAM 1092 84 n Ustlivgo escidenta IFQ 9887 78
6 2
Psedozyma aphidis GBS 517,23 79 Udeniomyves mégatosporus JOM S269 87
3 L . 2
Faracoccus denitrificans JICM 6892 83 Xonthophifomyces dendrorfons IFO 101 2 84
) 3 2
Petramyces alliaceus IFO 7538 73 25 Xanshohacier flavus JCMI204 &0
2 3
Riddotoyula glusinis 1TFO 1125 79 FPaceilopivees Klaciiius ATCC10)14 -89
7 3
Rhodoiorula minira IFO 0387 74 Acremonium chiysogenim ATCE11550 75
. 3 . . © 3
Rhodosparidium disbovarms ATCC 1830 §6 30 Hyphomonas hisschiana ATCC33886 . 2
4 3
Rhizomonas suberifaciens 1FQ 15212 82- Rhizobiupi melilori ATCCO93D ‘83
2 10
Rhodobium orients ICM 9337 80 “
2
Rhodoplanes elegars ICM9224 74 15
) ) ) 2 Example 2
Rhodopsendomenas palustris JCM2524 90-
Rhodobutrer capsidatys SB 1003 95 Rlzorlozom(a glmz;m._; IF(_)] 125 was .gembx_cally ?ultured at
6 25° C. for 48 hours in a cuiture medium {peplone: S g, yeast
Sporobolomyees lioisatitus IFO 1034 72 4p extract: 3 g malt extract: 3 g, glucose: 20 /L, pH: 6.0). The
Srombol 1057 92' cells after the eulture were collected by centrifugation and
nporadolamyees parasoseus IFO L4371 e suspended in a phosphoric acid buffer solution at pH 7 10
Sporidivbolus johnsorsi IFO:1 840 73 which N-methyl-N'-nitro-N-i itrosoguanidine have béen’
] o 7 added so as 1o have its concentration of 200 pg/mlL. After
Switoella complicata IFO 10748 o7 43 maintainitig the-solition at 25° C. for 1 hour. the cells were
o washed for 5 times with a 0.9% NaCl solution and further
suspended in 2 0.9% NaCl solution. The obtained cell sus-
pensionwas properly diluted and a colony was 10 be formed
TABLE 3 onanagarplate ofthe abovsau?ellriolied culture medium. ﬂ?e
—— - 50 production amount and the ratio of reduced coenzyme Qg in
) Uppt‘; Wsndi . the isclated mutant strain were determined in the $ame man-
cc}ﬁ:;;:w%{(;c?" " ner as Example 1. The strains having higher production
TLower stand: amount and the ratio of reduced coetzyme Q, as compared
Production sinount with'those of wild strains was further mutated repeatedly, As.
. 'of'rcdl;;t‘ﬂ "-’?ﬂ;f:'m@ 55 theresult, by repeating the mutagenesis for 10 timés, mutant
Strain name QIO ug/mf) struins with productivity of not less than 15 pug/mL. were
Schizusoucharomyees pombe TFO 0347 90 obtained. 1o this case. the ratio of reduced coenzymeé Q,q was
. _ k3 not less thait 80 mole %,
Sphingomonas paray bifis IFO 15100 78
7
- G 3
Sporotrighum cellulophilium ATCC 20493 5 0 Examp]eﬁ
6
Srmpodionyeopsis paphiopedili SCMLE318 80 Saitoclla complicata IFO 10748 was acrobically ciltured
o " Jmorphn 0 10121 73 at 25° C. for 72 hours in 10 L.of a culture medium (peptone:
Sterigmaiosperidium polvmorphum 2 5 55‘ y:east extr'ac(: 3'g. malt extmcl3 2, g]uc@se: 20 gfL, pH:
Sphingomonas adkesivd IOM 7370 80 63 (),0): '”'IE 9])falﬂ¢d cells were vdmrupled for 21if)!05 at 80 M})ﬁ
3 of disruption pressure by a pressure homogenizer (manufac--

SA14

wred by Lanni .Co.) sealed with nitrogén gas 10 obtain a
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cell-disrupted solution. The celi-disrupted solution was sib-
jected to exteaction with 30 parts by volume of isopropanol
and 40 parts by volume of hexane for 3 times fo obtain an
extraci. The exiraction ratio was 99%. The ratio of reduced

coenzyme Q,q Was 97 miole W.

Exariiple 4

When mutant strains of Rhodotorula glutinis IFO1125:

were aerobically cultured at 25° C. in 10 L of a culiure
medium (peptone: 10'g. yeasl extract: 5 g, malt extract: 3 g,
glucose: 20 g/, pH: 6.0), glucose was fed al thie rate of 4 g/h
after the lapse of 48 hours to 96 hours (fed glucose amount:

190 g). The prodiction amouni of reduced coenzyme Q, , per

<culture medium was not less than 20 ug/ml. and 1be ratio of

reduced coenzyme Q 16 'Was not Jess than 80 mole %.
. Elemple»S

‘The extract dhtained in lixample 3 was subjected to solvent
substitution with a hexanc solution, the resultant was
adsorbed in a column filled with silica gel and subjected 10
development and elution by a solution of n-hexane/diethyl
cther (9/1)to obtain a fraction containing reduced coenzyme
Q0 Furthermore, the fraction was cooled to 2° C. with stie-

ring 1o obtain a white sturry. Alj flie above-mentioned opera- :

tions were carried out ina nitrogen atmosphere. The obtained
slurry was filtered under reduced pressure, the resulting wet
crystals were washed with the developiment solution same as
used above (the temperature of the solvent used for washing

pressure (2010 40° C., 1 to 30 mnmHg) to obtain 81 mg of
white dry crystals. The purity of the obtained crystals was
99.9% and the ratio of reduced coenzyme Q,, was 90 mole %.

'xample 6

The extract obtained in Example 3 was subjected ta solvent
substitution with n-hexane, the resultant was added with 50
mg of manganese dioxide, and the mixture was stirred at 30°
C. for 30 minutes. Thus-obtained reaction solution was frac-
tionatéd and purified in the same manner as Example § to
-obtain 74 mg of high-purity oxidized coenzyme Q,,.

Example 7

Saitoelln comp]lcata 1FO 10748 was aerobically cultured
at 25° C. for 72 hours in 500 m. of a culture medium (pep-

N
n

22

tonc: 5 g. ycast extract: 3 g, mali extract: 3 g, ghucose: 20 /L, -
pH: 6.0). The obtained cells were disrupted for 2 times at 80.

MPa of disruption pressure by a. pressure homogenizer
(mafufacred by Laini. Co.) sealed with nitrogen’ gas to

5 oblaina cell-disrupted solution. The ratio of reduced caen-

zyme Qyq in the ecll-disrupted solution was 97% relativé to
the entire coenzymes Q, , including oxidized coenzyme Q4.
200 ml, of the cell-distupted solution was mixed with isopro-
pancl and n-hexanc at the ratios shown in‘the first extraction

1 Sectioninthe following Table 4 so as to adjust the'total solvert

amount to be 500 mL and the mixtures were stirred at 40° C.
Jor 30 minutes to carry-out the first cxtraction. After comple-
tion of the extraction, the resultants were kepi standing for 10
thinutes and thé separated upper layers were collécted. The
volume ratios of the lower layers (residues) relative to the
wial solution amounts were defined as indexes of sepdmblhly
and shown as the interface positions in Table 4.

Furthermore, in order to carry oul the second extraction,
the solvent concentrations of the residual layers were mea-
sured and isopropanol and hexane were further added so as to
keep the solvent ratios in the entire solutions be the ratios
shown in the sécond extraction section i Table 4. The result-
ing solutiohs were stirred at 40° C. for 30 minutes. Then, the
solutions were kept standmg for 10 minutes and the upper
layers were collected in the same manner as described above
to determiné the solvent concentrations of the residual layers.
Jsopropanol and hexane were added thereto so as to kcep the
solvent ratios in tlic éntire solutions be the ratios shown in the

w

was 2° (C), and the wet crystals were dried under reduced 30 third extruction section in Table 4, and the solutions were

stirred at 25° C. for 30 minuics to carry out the third oxtrac-
tion.

The ratios of the amounts of reduced coenzyme Q,, con-
tained in the collected upper layers of each of the first, second
and third steps relative 1o the amount of reduced Coenzyme

»

Q) contained ini the cell-disrupted soluiion or the extraction.

residue before the extraction were defined as tlie extraction
ratios af reduced coenzyme Qyo in the respective steps. The
calculation results are shown in Table 4. The integrated

Ay extraction ratios of reduced coenzyme Q,, in the second and
third extraction steps are also shown. In any steps, the static-

scparability was excellent and the integrated cxtraction ratio
in tie case-where exiraclion was repeated for 3 times was as
hlgh as not less than 90% 1o show high recovery ratio. Par-
ticularly, in the case where the isopropanol concentration was
adjusted 10 be not less than 30%, the recovery ratio was as
high as not less than 99%.

TABLLE 4
Extraction ratio (%)

Respective  Integmted

Solvent ratlo (vol %5) friterface  extractiof  extraction
Isopropanol Hexane  position ratio atio
Casel  First 188 s27 0as2 73.6 73.6
Second, 190 524 0.624 47.6 6.2
. Third 9.7 4.7 0.645 555 93.8
Cage? First 313 49.2 0.499 .7 90.7
Second 377 3.7 0.549 83.7 98.5
Third 40.6 3n9 0.565 40.1 99.1
Cascd First 3t 40.2 0.526 89.0 £89.0
Second i 373 0.553 858 98.3
Third 36.8 34.6 -0.555 46.6 99.1
Cased First 513 4.2 0.526 89.0° 89.0
Second 344 373 0.553 858 98.3
Third 424 2.0 0.644 500 99.0
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TABLE 4-continued

) Respective  Integrated

Solvent ratio {vol $¥ Interface  extravtion extmaction
Isopropanol  Hexame  position ratio ratio
Ciises First 313 40.3 0.526 89.0 898
Second, 401 314 0.595 88.1 98.6
‘Third 0.7 307 0.593 453 99.1
"Caseé First 313 40.2 5.526 89.0 85.0
Secondd 40.1 314 0.595 8K 98.6
Third 45.8 257 0.663 40.7 99.0

15 .
Example 8: acarbon'source, a nitrogen source, a phosphorus source

Saitoella complicata IFO 10748 was aerobically cultred
at 25°C. for 72 hours in 750 L of 4 culture medium (peptone:

5 g. yedst extract: 3 g, malt extract: 3 £ plucose: 20 o/L., pH:

6.0). Theobtained cells Wweredistipted for 2 times ai 140 MPa 2

of disruption pressure by a pressure homogenizer (manufac-
tured by Lanni Co.) sealed with nitroger gas to obtain a
cell-disrupted solution. The cell-disrupted solution was sub-
jected to continuous extraction. by a countercurront 3-step
‘contituous extraction apparatus shown in FIG. 1. The capac-
ity of the'stirring tank was 630 L and the capacily of the static
separation tank was 200 L. The cell-disrupted solation was
supplied fo the first stifring tank and isopropanel and n-hex-
ane were supplied 1o respective steps. The supply amount of

the cell-disrupted solution was 2 L/min and the supply ;

amounts of isopropanol and n-hexane were adjusted tobe 1.3
L/min forisopropancl and 3.7 L/min for n-hexane as the fotal
of the supply amounts in respective steps. In this case, the
solvent concentration in respective steps was properly-
adjusted so that the isopropanol concentration of 51050 vivys
and the n-hexane concentration of 25 t0 65 v/v % were kept.
The extraction femperature was 40° C. and the treatment
duration was 6 hours. At the point after the lapse of 6 hours,
the recovery. ratio of reduced cognzyme Q,, extracted from
the cell-disrupted sohition was caleulated on the basis of
reduced coenzyme Q, , remaining in the extraction residue in
the static separation tank in the third step fo find the recovery

ratio of 98.9%. The static separation was well carried out

during the emire operation period ‘and stable continuous
extraction was possible,.

INDUSTRIAL APPLICABILITY,

According to- the processes of the present invention,
reduced coenzyme Q,, can be produced cheaply on the indus-
tial scale by considerably simple steps comprising culwring

‘microorganisms and recovering reduced coenzyme Q,. In
addition, oxidized coenzyme Q,, van also be produced by
simple processes, ’

The invention claimed is:

1. A process for producing &ii an industrial scale the oxi- -

dized coenzyine Q,, represented by the following formula:

(018

OH

which' comprises culturing reduced coenzyme Q,,-pro-
duciig microorganisms in 4 culture medium containing

~N
[

W
@D

m
[

65

and a micronutrient to obtain microbial cells containing
reduced coenzyme Q, , at aratio of not less than 70 mole
% among the entire coenzymes Qo
disrupting the micrabial.cells to obtain reduced coenzyme
Q,os and
oxidizing thus-obtained reduced ceenzyme Q,, 10 -0xi-
dized coenzynie Q,4 and then extracting the oxidized
coenzyme Q,, by an organic solvent under an inert gas
atmosphere.
2. The process according to claim 1,
wherein the extraiction of the oxidized Coenzyme Q,, is
. carried out by using a hydrophilic organic solvent,
3. The process according to ¢laim 1,
wherein fhe exjraction of the oxidized coenzyme Q,, is
cartied out by usinig a hydrophobic organic solvent,
4. The process according to claim 1, wherein the reduced
coenzyine Q,, is oxidized with apn oxidizing agent.
5. The process according to claim 4, wherein the oxidizing
agent is manganest dioxide.
6. The process according to claim 1, wherein the oxidized
coenzyine Q,, is extracted by 4 continiious extraction.
7. The process accerdinig to claim 6, wherein the coutinu-
ous exfraction is a countercurrent multistage extraction.
8. The process according (o claim 1, wherein the reduced
coenzyme Q,, upon disrupting has a ratio of not less:than 70
mole % among the entire coenzymes Qy0 when measured

£

under the condition that the reduced coenzyme Q,,, is pro-

5 tected from an oxidation feaction,

9. The process according to claim 1, wherein the jnert gas
aimosphere comprises nitrogen gas.

10. The process aceording to claim 1, wherein the-culture
medivm is ar least 750 1.

11. A process for producing on an industrial scale the
oxidized coenzyme Qo represented by ‘the following for-
mula:

‘which comprises culturing reduced coenzyme Quo-pro-
duging microorganisms in a culture medium containing
‘acarbon source, anitrogen source, a phospliofus source
and a micronutrient to obtain microbial cells containing

SA16
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reduced coenzynic Q, , dt o ratio of nol less tliax 70 mo]c
% among the entire coenzymes Q,,,

extracting thereduced coenzyme Qo by an arganic.solvent:

under an ipert gas atmosphere, and
-oxidizing the extracted reduiced coenzyme Q, 4 to oxidized
‘coenzyiie Q.
12. The process according to claim 11,
wherein (he extraction of (he reduced coenzyme Q,, is
carried out by using a hydrophili¢ organic solvent.
13. The process according fo claim 11,

wherein the extraction of the reduced coenzyme Qo is.

carried out by-using a hydrophobic organic solveit,

14. The ptocess according to claim 11, farther comprising
the-step of disrupting the microbial cells. )

15. The process according toclaim 11, wherein the reduced
coenzynie Q,, is oxidized with an oxidizing agent.

"16. The process according to claim 15, whercin the oxidiz-
‘ing agent is manganese dioxide.

17. The process according (o claim 11, wherein the reduced
¢ocnzyme Q,, is extracted by a continuous extraction.

18. The. process according to claim 17, whercin the con-
* tinubus extraction is a countercurrent muliistage exiractior.

19. The process according to claim 11, wherein the reduced
coenzye Qo upon extracting has a ratio of not less than 70
mole % among the entire coenzymes Q,, when measured
under the condition that the reduced coenzyme Q,, is pro-
tected from an oxidation reaction. -

20. The process according to claim 11, wherein the inert
gas almosphere comprises nitrogen gus.

21. The process according to claim 11, whierein the culture
medium is at lcast 750 L.

22. A process for producing on an industrial scale the
oxidized coenzyme Q;, represented by the following for-
mula:

(‘H_;O .

which ‘coniprises cultuting reduced cociizyme Q,q-pro-
ducing micrdorganisms in a culture medium confaining
acarboi source, a nitrogen source, a phosphorus source
and a micronutrient 10.0btain micrabial cells containing
reduced cocnzyme Q,  at a ratio of not less than 70 mole
% among the entire coenzymes Q,,,

disrupting the microbial cells to obtain reduced coenzyme,

Qy0; and,

oxidizing thus-obtained reduced coenzyme Q,, 1o oxi-

dized coenzyme Q,, and then extracting the oxidized
coenzyme Q,, by an organic solvent in a sealed tank.
23. The process according to claim 22,
‘wherein the extraction of the oxidized coenzyme Qm is
carried buit by using a hidrophili¢ organic solvent.
24. The prodess according to claim 22,
wherein the extraction of the oxidized coenzyme Q,q is
carried out by using a hydrophobic organic solvent.
25.The process according (o claim 22, wherein the reduced
cocnzyme Q,, is oxidized with an ox:dlzmg agent.
26. The process according 10 claim 25, wherein the oxidiz:
ing agent is manganese dioxide.-
27. The process accordmg to. claim 22, wherein the oxi-
dized coenzyme Q,, is extracted by a continuous extraction.

SA17
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28. The process according lo claim 27, wherein the cons
tinuous exiraction is a ¢ountercurrent multistage extréction.

29. The process according 16 claim 22, wherein thit scaled
tank is scaled under an inert gas atmosphere.

30. The process according to clairii 29. whercin the inert.

gas almosphere comprisés nitrogen gas.
31.The process according to claim 22, whereisi the culture

‘medium is'at least 750 L.

32, The'process accérding t6 claim 22, wherein the reduced

rcoenzyme Q,qupon disrupting hias a ratio of hot less dian 70

niole % among the entire coenzymes Q,, when measured
under the condition that the reduced coenzyme Q,, is pro-
tected from an oxidation reaction.

33. A process for producing on an industrial scale the
oxidized coenzyme Qo represented by the following for-
mula:

CH,0.

CH30

(o]

which comprises culturing reduced coenzyni¢ Q,4-pro-
ducing microorganisms in a culturc medium containing
a carbon source, a nitrogen source, a phosphorus source.
and.2 micronutrient to obtain microbial cells containirig
reduced coenzyme Q,, at a ratio of not less than 70'mole
% dmong the entire coenzymes Q, o:

extracting the reduced coenzyme Q, , by an organic solvent
in a sealed tank, and-

oxidizing the extracted reduced coenzyiic Q; to oxidized
coenzyme Q.

34. The process according to claim 33,

wherein the extraction of reduced coenzyme Q,, is camied
out by using 4 hydrophilic organic solvent,

35. Theprocess according 1o claim 33,

wherein the extraction of the reduced eoenzyme Qg is
.carried ot by usiig a hydrophobic organic solvent.

36. The process according o claim 33, further comprising,

disrupting the microbial cells.

37.Théprocess according to cldim 33, wherein the reduced
coénzyme Q,, is oxidized with an oxidizing agent.

38. The pracess according to claim 37. wherein the oxidiz-
ing agent is mariganese dioxide.

39. The process according to claim 33, wherein the reduced
coenzyme Q,, is extracted by a continnous extraction.

40. The process according to claim 39, wherein the con-
tinuous extraction is a countercurrent multistage extraction.

41. The process according to claim 33, wherein the sealed
tank is sealed urider a deoxygenized atmosphere.

42. The process according to claim 41, wherein the deoky-~
genized atmosphere comprises inert gas.

43. The pracess according to claim 41, wherein the deoxy-
genized atmosphere comprises hitrogen gas.

44.'The process according to claim 33, wherein the culture
miedinm is at least 750 L.

45. The process according to claim 33. whercin the reduced
coenzyme Q,, uponextracting has a ratio of not less than 70
mole % among thic catire cocnzymes Q,, when measured
under the condition thul the reduced coenzyme Q,y, is pro-
iccted from an oxidation reaction.
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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. 7,910,340 B2 Page 1 of 2

APPLICATION NO. ¥ 11/981181
DATED : March 22, 2011
INVENTOR(S) i Kaziiyoshi Yajima et al.

It is certified that efror appears in the-above-identified patent and that said Létters Patent is heréby coirected as shown below:

In colurnin 1, line 6;
‘Change “si” to ~is--

In claim 1, column 23, lines 57-65
Change

2

to

Signed and Sealed this
Thirty-first Day of May, 2011

oL

[
i

David J. Kappos )
Director-of the United States Patent and Trademark Office
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re the Application of: Kazuyoshi YAJIMA et al. Art Unit: 1657

Application Number: 11/981,181 Examiner: Vera Afremova

Filed: October 31,2007 Confirmation Number; 7514

For:  PROCESSES FOR PRODUCING COENZYME Q10

Attorney Docket Number:  100462A
Customer Number: 38834

- RESPONSE TO RESTRICTION and SPECIES REQUIREMENTS

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

April 19, 2010

Sir:
This paper is submitted in response to the Office Action dated March 22, 2010.

-

In the Office Action, restriction is required between Group I (Claims 77-102) and Group
IT (Claims 103-109).

Applicants hereby elect the subject matter of Group II (Claims 103-109) for prosecution
in this application. In addition, applicant elects Species Agrobacterium without traverse. Claims
103-109 read on the elected species. Applicant’s rights to the filing of a divisional application

directed to the non-elected subject matter under 35 U.S.C. §120 and 35 U.S.C. §121 are retained.
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Application No. 11/981,181 Response to Restriction and Species Requirements
Art Unit; 1657 Attorney Docket No. 100462 A

If this paper is not timely filed, Applicants respectfully petition' for an appropriate
extension of time. The fees for such an extension or any other fees that may be due with respect
to this paper may be charged to Deposit Account No. 50-2866.

Respectfully submitted,
WESTERMAN, HATTORI, DANIELS & ADRIAN, LLP

/Stephen G. Adrian/
Stephen G. Adrian
Attorney for Applicants
Registration No. 32,878
Telephone: (202) 822-1100
Facsimile: (202) 822-1111
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Address: COMMISSIONER FOR PATENTS
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Alexandria, Virginia 22313-1450

Www.uspto.gov
L APPLICATION NO. FILING DATE I FIRST NAMED INVENTOR l ATTORNEY DOCKET NO. CONFIRMATION NO. ]
11/981,181 10/31/2007 Kazuyoshi Yajima ’ 5404/191 7514
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Please find below and/or attached an Office communication concerning this application or proceeding.

The time period for reply, if any, is set in the attached communication.
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Application No. Applicant(s)

11/981,181 YAJIMAET AL.
Office Action Summary Examiner ArtUnit

Vera Afremova 1657

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply :

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 1 MONTH(S) OR THIRTY (30) DAYS,
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION.

- Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SiIX (6) MONTHS from the mailing date of this communication.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

eamed patent term adjustment. See 37 CFR 1.704(b).

Status

1IX] Responsive to communication(s) filed on 07 November 2007.
2a)[] This action is FINAL. 2b)[] This action is non-final.
3)[] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 0.G. 213.

Disposition of Claims

4)X] Claim(s) 77-109 is/are pending ih the application.

4a) Of the above claim(s) is/are withdrawn from consideration.
5] Claim(s)_____is/are allowed.
6)[] Claim(s)______is/are rejected.
7)] Claim(s) _____is/are objected to.

8)X] Claim(s) 77-109 are subject to restriction and/or election requirement.

Application Papers

9)[] The specification is objected to by the Examiner.
10)[C] The drawing(s) filed on is/are: a)[_] accepted or b)[_] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).
11)[_] The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

12)[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)~(d) or (f).
a)JAll  b)]Some * c)[] None of:
1.[] Certified copies of the priority documents have been received.
2] Certified copies of the priority documents have been received in Application No. _____
3. Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
* See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)

1) D Notice of References Cited (PTO-892) 4) [:] Interview Summary (PTO413)
2) [] Notice of Draftsperson’s Patent Drawing Review (PTO-948) Paper No(s)/Mail Date.
3) [[] information Disclosure Statement(s) (PTO/SB/08) 5) ] Notice of informal Patent Application

Paper No(s)/Mail Date . 6) D Other: .
U.S. Patent and Trademark Office
PTOL-326 (Rev. 08-06) Office Action Summary Part of Paper No./Mail Date 20100303
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Applibation/Control Number: 11/981,181 ' Pagé 2
Art Unit: 1657
DETAILED ACTION
Claims 77-109 are pending and subject to restriction requirement.
Restrictions

Restriction to one of the following inventions is required under 35 U.S.C. 121:

I Claims 77-102, drawn to a process for producing reduced coenzyme Q10,

classified in class 435, subclass 156, for example.

I1. Claims 103-109, drawn to a process for producing oxidized coenzyme Q10,

classified in class 435, subclass 156, for example.

The inventions are distinct, each from the other because of the following reasons:

Inventions I and II are unrelate(i. Inventions are unrelated if it can be shown that they are
not disclosed as capable of use together and they have different designs, modes of operation, and
effects (MPEP § 802.01 and § 806.06). In the instant case, the different inventions are directed
to two processes that do not share process steps or end points.

Restriction for examination purposes as indicated is proper because all these inventions

listed in this action are independent or distinct for the reasons given above égc_i there would be a

serious search and examination burden if restriction were not required because one or more of

the following reasons apply:

() the inventions have acquired a separate status in the art in view of their different

classification;

(b) the inventions have acquired a separate status in the art due to their recognized

divergent subject matter;

SA24



Application/Control Number: 11/981,181 Page 3
Art Unit: 1657 '

(c) the inventions require a different field of search (for example, searching different

classes/subclasses or electronic resources, or employing different search queries);

(d) the pfior art applicable to one invention would not likely be applicable to another

invention;

(e) the inventions are likely to raise different non-prior art issues under 35 U.S.C. 101

and/or 35 U.S.C. 112, first paragraph.
Applicant is advised that the reply to this requirement to be complete must include
(i) an election of a invention to be examined even though the requirement may be traversed (37
CFR 1.143) and (ii) identification of the claims encompassing the elected invention.

The election of aﬁ invention may be made with or without traverse. To reserve a right to
petition, the election must be made with traverse. If the reply does not distinctly and specifically
point out supposed errors in the restriction requirement, the election shall be treated as an
election without traverse. Traversal must be presented at the time of election in order to be

-—-. —considered timely. Failure to timely traverse the requirement will result in the loss of right to
petition under 37 CFR 1.144. If claims are added after the election, applicant must indicate
which of these claims are readable on the elected invention.

If claims are added after the election, applicant must indicate which of these claims are
readable upon the elected invention.

Should applicant traverse on the ground that the inventions are not patentably distinct,
applicant should submit evidence or identify such evidence now of record showing the

inventions to be obvious variants or clearly admit on the record that this is the case. In either
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instance, if the examiner finds one of the inventions unpatentable over the prior art, the evidence
or admission may bé used in a rejection under 35 U.S.C. 103(a) of the other invention.
Election of species

This application contains claims directed to the following patentably distinct species that
are microorganisms of claim 88 and of claim 109. The species are independent or distinct
because claims to the different species recite the mutually exclusive characteristics of such
species that are biologically distinct microorganisms. In addition, these biological species are not
obvious variants of each other baéed on the current record.

Applicant is required under 35 U.S.C. 121 to elect a single disclosed species (one
microbial group or genus of claim 88 .or claim 109) for prosecution on the merits to which the’
claims shall be restricted if no generic claim is finally held to be allowable. Currently, claims 1-
87 and 89-108 are generic with regard to the microbial species/genus.

“ There is an examination and search burden for these patentably distinct species due to
their mutually exclusive characteristics. The species require é different field of search (e.g.,
searching different classes/subclasses or electronic resoufces, or employing different search
queries); and/or the prior art applicable to one species would not likely be applicable to another
species; and/or the species are Iikeiy to raise different non-prior art issues ﬁnder 35U.8.C. 101
and/or 35 U.S.C. 112, first paragraph. |

Applicant is advised that the repiy to this requirement to be complete must include
(D an election of :i species to be examined even though the requirement may be traversed 37

CFR 1.143) and (ii) identification of the claims encompassing the elected species, including
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Art Unit: 1657

any claims subséquently added. An argument that a claim is allowable 6r that all claims are
generic is considered nonresponsive unless accompanied by an election.

The election of the species may be made with or without traverse. To preserve a right to
petition, the election must be made with traverse. If the reply does not distinctly and specifically
point out supposed errors in the election of species requirement, the election shall be treated as
an election without traverse. Traversal must be presented at the time of election in order to be
considered timely. Failure to timely traverse the requirement will result in the loss of right to
petition under 37 CFR 1.144. If claims are added after the election, applicant muét indicate
which of these claims are readable on the elected species. |

Should applicant traverse on the ground that the species are not patentably distinct,
applicant should submit evidence or identify such evidence now of record showing the species to
bé obvious variants or clearly admit on the record that this is the casé. In either instance, if the
examiner finds one of the species unpatentable over the prior art, the evidence or admission may
be used in a rejection under 35 U.S.C. 103(a) of the other species.

Upon the allowance of a generic claim, applicant will be entitled to consideration of
claims to additional species which depend from or otherwise require all the limitations of an
allowable generic claim as provided by 37 CFR 1.141.

Applicant is reminded that upon the cancellation of claims to a non-elected invention, the
inventorship must be amended in compliénce with 37 CFR 1.48(b) if one or more of the
currently named inventors is no longer an inventor of at least one claim remaining in the
application. Any amendment of inventorship must be accompanied by a request under 37 CFR

1.48(b) and by the fee required under 37 CFR 1.17(i).
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Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Vera Afremova whose telephone number is (571) 272-09.14. The
examiner can normally be reached from Monday to Friday from 9.30 am to 6.00 pm.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s

supervisor, Jon P. Weber, can be reached at (571) 272-0925.

The fax phone number for the TC 1600 where this application or proceeding is assigned
is (571) 273-8300.
Any inquiry of a general nature or relating to the status of this application or proceeding

should be directed to the Technology center 1600, telephone number is (571) 272-1600.

Vera Afremova
March 3, 2010
/Vera Afremova/

Primary Examiner, Art Unit 1657
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