DESCRI PTI ON METHOD FOR PRODUCTI ON OF EUGLENA CONTAI NI NG WAX ESTER AT HI GH
CONTENT, AND METHOD FOR PRODUCTI ON OF WAX ESTER Technical Field [0001]

The present invention relates to a nmethod for producing a eugl ena highly
containing a wax ester that enables production of a m croal ga eugl ena

hi ghly containing a wax ester to be a source of biofuel at |ow energy and
| ow cost. Background Art [0002] DESCRTR®S@N days, the problem of gl obal
war mi ng has attracted considerable attention, and controlling em ssions of

carbon di oxifer Hpas ] FOW@W@IQHeO%fEU&F@éTﬁh%%Pé@I@J%T@sWA}ér?&dTIE@ng|PH§=HCa[) bon
chal | enges. oM, SRybRub B8 R RAGEBChYoN |4 G 2RBEE ' Tlel's contai ni ng

fi xed carbon di oxide as energy leads to a rel ease of the fixed carbon
di oxide into the atnosphere once again, which causes an environnent al
probl em | n Bsdidiican, Fsebhge fossil fuels are a finite resource, there is a

pr obl em of depl eti on. In order to solve the above problens, a fuel
source ot herl@Hdd fossil fuels is required, and expectations for
devel opment of biofuels derived frqom hi pl ants and_ al gae have

i ncreased. [0003] D€ Presgetaliy éPnp]F%rﬁteLshE? § Bebhed dgr Y I %a
Ol Of el SOUTLEugpOyDEAn1 § Uy aPAL ANt UBLLEKS YL, G, kDR s s1 Ng_an

edi bl e Crop as sourc uses a p em W concern over ortages

Meanwhi | e, i |aeleE:QS!lec§é udieam hﬂ@lﬁl}b'&)n&'a@ﬁ&ﬁgsél%)@%s%ékr@cpflﬁe and
Canel i na has al so been devel oped, it has a problemthat the production

vol ume per wnurcar ed bsofwal lat [1@@04hergy and low cost.

Background Art
[0002]

These days, the problem of global warming has attracted
considerable attention, and controlling emissions of carbon
dioxide gas, which is one of greenhouse gases, and reducing
carbon dioxide concentration in the atmosphere by fixing carbon
dioxide are big challenges.

Under these circumstances, using fossil fuels
containing fixed carbon dioxide as energy leads to a release
of the fixed carbon dioxide into the atmosphere once again,
which causes an environmental problem. In addition, since
fossil fuels are a finite resource, there is a problem of
depletion.

In order to solve the above problems, a fuel source other
than fossil fuels is required, and expectations for development
of biofuels derived fromhigher plants and algae have increased.

f0003]



Meanwhi | e, photosynthetic m croorgani sns and protozoan wdely living in
ponds and marsh have photosynthetic capacity as sane as plants, and
carbohydrate and |ipid are biosynthesized fromwater and carbon di oxi de,
and accunul ated in cells in several tens % by mass. It has been known that
the production volune is larger than that derived froma plant, and is 10
times |arger or netea lfghdtabl et tned ibroosead pidua thak Hisfoenssderced to have
hi gh production vol une of carbohydrate and |ipid, per unit area. [0005]

| nci dent al | ysowbegingr sakga eulh ety tthat Like ohevefbagie kplvhos Hainst iag

m cr oor gani sny,_i.S one group of fla eIIates,Hﬁnd i.ncludes eugl ena tgat i's

famous as motTiECafHaR ASVbSCUEGSI SR ETCRE P IPItASt S BY BHdCE%ener gy
t hrough phot is, : i r sorb
gh p E%S%%%ggg' mI S 9Ee ‘912%6.83%0- ged; Xtiﬁﬂgrggfl}é&%ié il

nutrients. i's a genus clas into bo ogy and botany.

[ 0006] sudH ad0940Pphd BB L1 iEUghesidad Bebh dhR10pEal Deharging to
t he subcl ass Phyt omasti gophorea, of the class Mastigophora in the division

Prot ozoa, amd rrebdenposed Wie phpdecsidordéuge Peylwnd dirna, iPem@idnoi di na,
and Pet al ononadoi di na. I n Eugi enoi di na, as genera, Eugl ena,
Tr achel enonak?%%r onbonas, Phacus, Lepocinelis, Astasia, and Col aci um are

i ncluded. In bota t he .order Euglenales i.s, of the class Eugl enophyceae
coext ensi ve i th CHER O Rbes PR aRR Ea e oh T5En aR P ot der

are, includipgayol epsng LiREpSAIRE 223 hir AN HARL ShASH fiteati en-dkliey, [0007]
Eugl ena accunul ates paranylon 1n the cells as carbohydrate. Paranyyon IS
macr onol ecul & patid helpaanabl aindech Ao hyalry e ranzl higp iabord b708yvgthiedyes by

bet a- 1, 3- bonds. [ 0008] Wien eugl ena is put under anaerobic

condi ti ons, iwpn estter fadnearben ol ¢¥idehi @éndpacampiibatedisim &tldsaga

pol ysaccharide, is deconposed to finally rog¥ce a wax ester of g fatty
acid, and a sfeéferr)?ﬁaF%%(ﬂ szf‘[.‘apgegr'f o?’f‘rg’d‘.s f’g% rown thf‘t I’ilg‘ﬁ_-%‘? tlBB_current 1
descri bes t h@émqaefwﬁa%g&w @ﬁ%ﬁwhsgﬁv&mggm'a gmnu cadi A kgl e
paramyl on accurulati on per cell is rncreased I n an experinental area

repl aced by maiyjel 89afbSOBECERL# QR FTRAHUM o REpeDRtEani 9 Pedamdea per

cell is reduced in an experinental area replaced by a nitrogen source-added
medi um to hRstenigiDpcodentidn dedomebes darbbhgdghenandslapidbipeal | y

cul tured and then put under anaerobic conditions, so as to fernent storage
pol ysacchar ie-tH&F&Ryl on into a raw ester (wax ester).

[0005]

Incidentally, a microalga euglena that is one of the
photosynthetic microorganisms is one group of flagellates, and
includes euglena that is famous as motile algae. Most euglena
have chloroplasts and produce energy through photosynthesis,
and some euglena feed by phagocytesis or absorb nutrients.
Euglena is a genus classified into both zoology and botany.
[0006]

In zoology, the order Euglenida is in the order belonging
to the subclass Phytomastigophorea, of the class Mastigophora
in the division Protozoa, and is composed of three suborders,

Euglenoidina, Peranemoidina, and Petalomonadoidina.



[ 0010] Patent Docunent 2 describes a nmethod for producing an unsaturated
wax ester that is an alternative source of spermoil used as a quality

| ubricant, by aerobically culturing a mcroal ga eugl ena and addi ng an
unsaturated fatty acid thereto, and then putting the culturing under
anaerobic conditions, so as to fernent storage pol ysaccharide paramylon to
transforminto a wex EBS§Bfnoidinadli @’ lgeskrpQ0LiylEad entrdacurephaPlPat ent
Docunent 1: JP-A-HO03-65948 Patent Docunent 2: JP-A-H05-27384 [0012]

Non- Pat ent Dycigmdanas, Phachpn-Ineminebdsundatadia,SuaAdd decahm, apfmoni a-
and Li nght-1nduced Degradati on of Parapmylumin Euglepa gracilis. Plant Cel
Physi ol . 28(8)clusedg7 1% Prfgave 158%)° FHSURRILES THE [NVER GRaSS

Euglenophyceae coextensive with the division Euglenophyta, and
the genera in this order are, including euglena, the same as
in animal classification table.

[0007]

Euglena accumulates paramylon in the <cells as
carbohydrate. Paramylon is macromolecule particles obtained
by polymerizing about 700 glucoses by beta-1,3-bonds.

[0008]

When euglena is put under anaerchic conditions, wax ester
fermentation in which paramylon, as a storage polysaccharide,
is decomposed to finally produce a wax ester of a fatty acid,
and a fatty alcochol is performed.

[0009]

Non~Patent Document 1 describes that, after culturing
euglena under light irradiation, while paramylon accumulation
per cell is increased in an experimental area replaced by a
nitrogen source-free medium, the content of paramylon per cell
is reduced in an experimental area replaced by a nitrogen
source-added medium.

Patent Document 1 describes that euglena is aerobically
cultured and then put under anaerobic conditions, so as to
ferment storage polysaccharide paramylon into a raw ester (wax
ester).

[0010]

Patent Document 2 describes a method for producing an



Techni cal Probl em [0013] However, Non-Patent Docunment 1 only

descri bes about control of paranyl on deconposition and does not suggest a
conbination with wax ester fernmentation. [0014] I n addition, Patent
Docunment 1 only discloses general nethods such as adding an organic
substance such as glucose as a carbon source, and cul turing under nor nal
phot osynt hetursateeadet i wns esa2rabhaerobiat altéohanigrareihaede of sperm I n the
manuf acture of biofuel, a culturing nmethod using a carbon source such as

gl ucose is it weerhashe @estitvadgbaisantoday mrrdbdgdliy EhECYIdagt fon of
car bon di oxi de. 0151 reover, although the object of the

t echni que dFE%F%%gGQ?Fqiﬁﬂﬁﬁnq%ﬁﬁﬁ%%ﬁn2”F§tP5a 5?§F%t§#9ﬂ%ﬁﬁﬁﬁﬁf%d wax

ester at a- "%rgg%%ﬁ'&tt%nﬁﬁé gcﬁ%‘lu‘é@ﬁ?%ﬁ r biaOPLE; de3hhabt 6,85 3 source

of bi of uel ect o e present 1 nvention Is to solve
each probl emdeascrricbRdnabovera@nhoigspEen: 8Ria gaitangd ohoto Pt ehidigieh a

eugl ena highly containing a wax ester, conprising aerobically culturing a
m croal ga euglena bypxphstesynt hesi s using carbon di oxi de as a carbon
source, then further culturing the mcroal ga eugl ena under
nitrogen-starvation conditions to increase paranylon accunul ati on per cell,
and subseqquﬁkxyput£Lng the m croal ga eugl ena under anaerobic conditions,
so that a eudlenéoﬁigﬁfy containing a wax ester is produced; and a nethod
for produci ngh@ wax ester.

Patent Document
Patent Document 1: JP-A-H03-65948
Patent Document 2: JP-A-H05-27384
f0012]
Non-Patent Document
Non-Patent Document 1: Sumida et al., Ammonia- and
Linght-Induced Degradation of Paramylum in Euglena gracilis.

Plant Cell Physiol. 28(8). P1587 to 1592 (1987)

DISCLOSURE QOF THE INVENTION
Technical Problem
[0013]

However, Non-Patent Document 1 only describes about
control of paramylon decomposition and does not suggest a
combination with wax ester fermentation.

[0014]

In addition, Patent Document 1 only discloses general

methods such as adding an organic substance such as glucose as

a carbon source, and culturing under normal photosynthetic



Solution to Problem[0017] The above probl ens can be solved by a
nmet hod for producing a euglena highly containing a wax ester according to
the present invention, conprising a first step of aerobically culturing a
m croal ga eugl ena, a second step of putting under nitrogen-starvation
conditions a nmediumin which the mcroalga euglena is cultured and further
cul turing theomeiciilbms, and a&n tddrabist eplofirisf aigttod .t he cel | s under

anaer obi ¢ conditions. [0018] As descri bed above, the series of the
steps of aerobic clnttihe Rgrufagturer o itdrhg ARBEELRINT HGERCI tHIVEL | on
conditions, and retai nnent of the cells under ana rggic conditions is

carried out ,aé:S‘IPﬁﬁtsoéf‘ré"ﬁg?‘éﬁha\ﬁ THSL S §h "SonPeht . eLUWx B & SC0an be
efficlent]y REOMERd1SRECs I LRA kol NERUGH! n; Wibhgupder

nitrogen-starvation conditions in Step 2, carbo rate can be sufficiently
accunul ated jgoengl ena. Therefore, the cells cultured in Step 2 are
put under anaerobic conditions, so that the carbohydrate sufficiently
accunul ated in St eMoRedet,r ahsliorgiethe nboeat wdxthest erhn ifust @ps 3 osaad
accordingly, wax ester accunulation in Step 3 is dramatjcally increased.
In ot her words Pakfsh ZREPent st¥h 2 cHhdi Biadp uBsaestd ik d2dhovec aré

conbi ned, ana ggvgnt.agg(’)yassgg freagf;[etd'[e‘%?ig es ér%%trr?orreg guffja{bqtel OQ al sS rce

dramatically I'i rdased’ i exhi I'n"addi t1on, t fie 2celT's of

eugl ena cul ty¥ ed JHpder nitrogen-starvation conditions exhibit a green col or
sanme as those during culturing even i medi ately after anaerobic treatnent,
in a state wheErisglal nost no cell is killed, and the cell size does not
change conpared to that before anaerobic treatnent. Speci fically,
when anaer obi ¢ tredRnehietts Tartiedresentn 1avAREoYyehs stureel e e akedi um

n van i i
2i gra]';jf ?C;ra]'?ﬁgruqhﬁe%f fc %t .T_ti aétd g}g]gvg,u%\rlltivtaé pl;:%ﬁne.dgfa I%ngl'lgd %forelzlil gc?uncainlgs

a euglena highly containing a wax ester, comprising aerobically
culturing a microalga euglena by photosynthesis using carbon
dioxide as a carbon source, then further culturing the microalga
euglena under nitrogen-starvation conditions to increase
paramylon accumulation per cell, and subsequently putting the
microalga euglena under anaerobic conditions, so that a euglena
highly containing a wax ester is produced; and a method for

producing a wax ester.

Solution to Problem
[0017]

The above problems can be solved by amethod for producing
a euglena highly containing a wax ester according to the present
invention, comprising a first step of aerobically culturing a
microalga euglena, a second step of putting under

nitrogen-starvation conditions a medium in which the microalga



conpared to that in a nitrogen source-contained nediumis also exhibited.

[ 0019] In addition, at that tine, it is preferable for the
nitrogen-starvation conditions to be created by replacing the nediumwith a
ni trogen-deficient nedium since the nitrogen-starvation conditions can be
efficiently created. As described above, the series of steps of
aerobi ¢ cul taudirga fikr thetusad tand figrtneerculiturdigentbé anedituingn andndi ti ons,
and retainnment of the cells under anaerobic conditions is carried out, so
that a eugl e sdl sher Hfi FAtebmihthefcel MaRndst ama@arbhe eITdiGiiensl-y
produced. [0020] Specifically, it is preferable, in the first step,
for the aer oB1%®dul turi ng of the mcroalga euglena to be started in a

ni trogen source-free MR, YK 4l d Nenguld Urdng ¢ S £ QLLRUGHS| AL
aerobically carried out wth appropriate adjustnent of the feedi ng anount

and addi ti on.oftudiRigt r 0gaRtESHT Ceulind rigeedindg rof nAk tbHGes 1SOtifaaE ons
stopped at the point where the cell concentration reaches a certain |evel,
and in the ssoolidishep, andr tdimimeentmdaid bee pyeliademdsirt ragerodtiar vat i on
conditions to performfurther culturi ngn. Furt hernore, specifically,

in the firstcaidgions iisscaprekesd abte sPorlad @ &R G TR Ngal 4B M58 al | owned

to flow, so that a_carpon dioxide_sout n gen source m xed thereto
are provi decﬂpéalngaf{telsseﬁocraen g)reeFéfr%égfégtf%% er&u%%ébon di oxi de gas to be

those emtted frony iddhagts. [@92Hgh  the Theaeapihguratir@Rras
descri bed above enables to increase culturing anount for industrialization,

and mass pr aruaicigen-eaarves jpar tondedions in StdpRt hesrorhydraitrceara bear bon

di oxi de gas obtai nabl e as an exhaust gas can be effectively utilized, it
has a cost aifdicagatindaceeilased §oi ¢ed&wetul techni que for the

envi ronnent . of. .nitr source i s s% qpn%%q: in Step

Here, the feed; f nit
1, thus euglena as@?ﬁe{%‘r&g gpfe%? ]p%ﬁél&.té%ﬁflgg{?nsaﬁ‘?&’ fhate Pu
ni trogen-stapyvatian copdiiiQhd N3t BRad {15 GUIRAYEREEY StieAiednt1y

accumulated in Step 2 is transformed into a wax ester in Step
3; and accordingly, wax ester accumulation in Step 3 1is
dramatically increased.

In other words, when Step 1, Step 2, and Step 3 described
above are combined, an advantageous effect that wax ester
accumulation is dramatically increased i1s exhibited.

In addition, the c¢ells of euglena cultured under
nitrogen-starvation conditions exhibit a green color same as
those during culturing even immediately after anaerobic
treatment, in a state where almost no cell is killed, and the
cell size does not change compared to that before anaerobic
treatment.

Specifically, when anaerobic treatment is carried out
in a nitrogen source-free medium, an advantageous effect that

the survival rate of cells of euglena is significantly improved



[ 0022] In addition, in the third step, it is preferable for
anaerobic treatnent to be carried out by at |east one nethod selected from
inert gas ventilation, standing treatnment, and concentration by
centrifugation. One nethod may be selected or a plurality of nethods
may be conbi ned. [0023] Mor eover, according to a nethod for

produci ng a ampaestiero aneoridi aghitrdgee ps@ssrcanteentdoeditihei aldve

probl ens are solved by carrying out, using the euglena highly containing a
wax ester prgdd®aédedy the nmethod for producing a eugl ena highly containing
a wax ester ﬁﬁ@gﬁding to any one of claim1l to claim5, a step of
extracting a i"Fy fraction with an organic solvent to obtain an extract,

and concentrating $e, gxif;ael &Q QRLAI ife MaXy CS?EVPBP@fErla&%d i%rStt%gOOf

separating a wax ester fromthe wax conponent wth a colum to performa
first purififiatiogdn-st&92Kion conditASndescHé kedaabaus; replébengprasent

i nvention, a wax ester conponent can be easily purified fromthe cul tured
eugl ena. mediumA |vertge amounttofgdrihidefdggenha owdib®, easiihgeculthered in a
state highly containing a wax ester, according to the nethods of claiml to
cl ai m 6. nltrog?HU§Fa%XﬁﬁﬁQﬂlﬁjngét%ﬂ%spﬁ%ﬁuﬁﬁ StAvERETbhY §1eF%€%ossi bl e

Looohe Y brey! @ & el an Lol sl s Al el g daroe
to be preferafltvurean! i eduptte M tH N B i@3NI&NGEr50G: t18§en-starvation
conditions, and retainment of the cells under anaerobic
conditions is carried out, so that a euglena with a high content
of a wax ester can be efficiently produced.
{0020]

Specifically, it is preferable, in the first step, for
the aerobic culturing of the microalga euglena to be started
in a nitrogen source-free medium, also the culturing is
continuously and aerobically carried out with appropriate
adjustment of the feeding amount and addition of a nitrogen
source, and feeding of nitrogen source is stopped at the point
where the cell concentration reaches a certain lewvel, and in
the second step, for the medium to be put under
nitrogen-starvation conditions to perform further culturing.

Furthermore, specifically, in the first step, it is
preferable for a carbon dioxide gas to be allowed to flow, so
that a carbon dioxide source and an oxygen source mixed thereto
are provided, and it is more preferable for the carbon dioxide
gas to be those emitted from power plants.

[0021]



When the tenperature is lower than this, there is a possibility of bunping
due to the viscosity of the wax conponent, and bl owout of the wax conponent
into an evaporator as a concentrator. [0026] More specifically, it
is preferable for a step of hydrolyzing the wax ester obtained by the step
of performng a first purification to performa second purification to be
carried out as a nekxd cshepguration addestoilbdd abcoaknghl as iten raxredescri bed
above, the culturing crudely produced in the first purification can be
further puriFYHdaringERevasderdipinatiiedirahionnand mas sfiredugiti Ain gAtenhanced

qual ity can be praqvided. Specifically, after the step of performng
a first purﬂ?ﬁé%ﬁ%Sﬁ?e%ydrolysis is carried out in the second purification,

so that the car bonFmg{}gS;%?hgiﬁ@@%d,claxcggg%miyde lg3s! BEE o aad val ue

as a fuel is enhanced. tron, it is preferable for, in
the step of Ferd:damisng gasf icast bpUkEEEEAITONy EXARRJQr id Maxed sokvent of
hexane and ether to which ether to be m xed in an anount of 10% by vol une
or less is ushbwngegan agldutimgadebventqap i edefwl t hecoolqun. for the This
configuration as descri bed above is preferable since chlorophyll can be

ef ficiently ¥&P4rat"88%and al so other pignents can be effectively

el m nat ed. Her"At‘eC,C%Bgi Pe%lc%_’ngf g?lnivgrto%e%nsoeunrr}:aénggdstq)%%leidt }/n %%répbe
provi ded. [0028]
1, thus euglena assimilates all nitrogen source, and the
nitrogen~starvation condition in Step 2 1s consequently
created.
[0022]

In addition, in the third step, it is preferable for
anaerobic treatment to be carried out by at least one method
selected from inert gas ventilation, standing treatment, and
concentration by centrifugation.

One method may be selected or a plurality of methods may
be combined.

[0023]

Moreover, according to a method for preoducing a wax ester
according to the present invention, the above problems are
solved by carrying out, using the euglena highly containing a
wax ester produced by the method for producing a euglena highly
containing a wax ester according to any one of claim 1 to claim
5, a step of extracting an oily fraction with an organic solvent
to obtain an extract, and concentrating the extract to obtain
a wax component, and a step of separating a wax ester from the

wax component with a column to perform a first purification.



The wax ester produced from eugl ena through the nethod for producing a wax
ester is a quality biofuel, and these can be stably provided in a | arge
anount . In addition, this biofuel is a clean energy and greatly
contributes to inprovenent in environmental problens and the |ike. [0029]
As descri bed above, in order to solve the above problens, a nmethod for
produci ng a peEoe4ster according to the present invention includes: a
culturing step of aerobically culturing euglena, after the culturing step,
a culturing step oksfgechbpedabeviei ig e ATty brfean sitcay v R 1IesE6ndi t i ons

so as to accunul at e_car bohydr at, and obhic fernentation step of
eyt o CAEEH BERI Y (e BRab L SO Rhhs Cbraeed G laRer or
carbohydrate into g e%hghnt é@vt@ﬂtsagﬁgyénﬁéﬁcsog ofsihe dv gl%aon

[ 0030] According to the present invention, bl omass teedst ock
contai ning michy fsaJa&eaﬂdgﬁLyswzatfhlbﬂdgn@xmaasegeéy, P& & 1eEithof R@MtAecar bon
di oxi de fixed by photosynthesi s. Al so, the manufacture of biofue

accordi ng t onathedsr e§entaim\lento edaaims6.| eads to the i nprovenent in the
energy self-sufficiency rate. BRI EF DESCRI PTI ON OF DRAW NGS [ 0031&

Figure 1 is a flowifir RCSHERMHHTE HRSUNRF 6T IBYSHIA ng b 18 RASSIR LRI ghl y

::ﬁctea‘![ Ini)ﬂg at tagﬂzeprroxn Rr dlq%]_l%y c{éall’x;.Stfu% gsgin%e%%ggfeng hceul%r es%nt

in a large amount.
[0025]

Specifically, it is preferable for the concentration to
be preferably carried out within a range of 50°C + 10°C.

When the temperature is lower than this, there is a
possibility of bumping due to the viscosity of the wax component,
and blowout of the wax component into an evaporateor as a
concentrator.

[0026]

More specifically, it is preferable for a step of
hydrolyzing the wax ester obtained by the step of performing
a first purification to perform a second purification to be
carried out as a next step.

Due to this configuration as described above, the
culturing crudely produced in the first purification can be
further purified in the second purification, and thus fuel with
an enhanced gquality can be provided.

Specifically, after the step of performing a first
purification, hydrolysis is carried out in the second

purification, so that the carbon chain is shortened, volatility



Figure 2 is a flow chart show ng a nethod for producing a euglena highly
containing a wax ester according to a second enbodi nent of the present

i nvention. Figure 3 is a flow chart showi ng a nethod for producing a
wax ester according to an enbodi nent of the present invention. DETAI LED
DESCRI PTI ON OF THE | NVENTI ON [ 0032] Her ei nbel ow, an enbodi nent of

t he present iswvenirecaned) | indevadescrisbedfbases amtaneedr aw ngs.

Here, the configuration described belowis not intended to limt the

present inve%oh, and various nodifications can be made within the scope

of the present inventi nt relatﬁ? hod for
[

_ .. ._This_enbodi
produci ng a euglenénhF§HF§l%%htéfn?ﬁgpéeﬁﬁﬁa%g% °by &I 0P F eé’ugﬂena
under aer obi M%@OQ 14 LOpe ,ﬁle it ek a bk UL | D B vent of

ni trogen-starvation Itions, n puttlng t he nedi um under anaerobic

condi tions. {&HO3H aﬁ&lertsiereﬁ@aﬂlﬂlmnéﬁher to be miA&obAGiaunft garesl, a
first enbodi ment of the nethod for producing a euglena highly containing a
wax ester adoorndilpgetar tleespiesert ihvenelening Isklentdexulillpddto the

The present production nmethod includes Step 1 of aerobically culturing

eugl ena in &M ogen sour ce- added medi um (corresponding to a first step) |,

Step 2 of repIaC|n@ the nE téfgg@ﬂgh a nb%%%999e30%£8$éf{§e %§¥%é% 1%Pd

aerobical ly culturlng t ena correspon I'ng To a seco , and
Step 3 of p%fﬁ&bﬂgo%@%ﬂbtcgntlas@@tf@@eaeaaﬂyfs%rpq%aﬁé&garﬁﬁamgbymxe into a

wax ester (corresponding to a third step)
pigments can be effectively eliminated.

Accordingly, fuel with an enhanced quality can be
provided.
[0028]

The wax ester produced from euglena through the method
for producing a wax ester is a quality biofuel, and these can
be stably provided in a large amount.

In addition, this bicfuel is a clean energy and greatly
contributes to improvement in environmental problems and the
like.

[0029]

As described above, in order to solve the above problems,
a method for producing a wax ester according to the present
invention includes: a culturing step of aerobically culturing
euglena, after the culturing step, a culturing step of further
culturing under nitrogen-starvation conditions so as to
accumulate carbohydrate, and an anaerobic fermentation step of
putting the cultured cells under aerobic conditions so as to

transform carbohydrate into a wax ester.

10



[ 0034] First, although the culturing of euglena in Step 1 can be
carried out by allowing air to flow through the nediumas a carbon dioxide
source, it is nore preferable for a carbon dioxide gas to be allowed to

fl ow through the nediumto increase the culturing efficiency.

Specifically, by taking advantage of air and a carbon di oxi de gas al so
cont ai ni ng oxygen, an aerobic culturing is carried out. A carbon
di oxi de gas can be allowed to flow, for exanple, by utilizing a conbustion
exhaust gas Afanteégeprpent pfaris ofpoher Inpearta and the like. At this tinme,
it is prefer@ﬁgg)to remove dust, NOx and SOx in a conbustion exhaust gas by
a dust colle ;- denitrator, desulfurizer, and the like. In addition, for
stirring, conmon t j used i g lydsf %Q%Q
ventilation, a netﬁggghg#ﬁgtgqgf?gﬁlng b?ggg?égﬁg %ﬁgj%ﬁéééf 0 Béfk

Al t hough | i ghéntdimadigatd bt £oNand 501 Deapasd Of etk iy viel kgHoat dag fdm
artificial light such as fluorescent light, it is desirable to culturing
only with sunldagiponf diogidie uFixeg Wivt khbbes gmgrepisand | ow cost . I n
addition, it is preferable for the water tenperature of the nediumto be
controlled to 29 #kso, the manufagengg of piofuchperarabretesharsisgent

temper at ur e £QNNLQl,S0. A%, N9L.ho INPUL, AN SaeLgy. Lor vater, emeratur e
control, or ‘even 1 t he 'wat er enperature control TS perforne , M HIWUW]

control s aresdreferabbeesegh-a% cooling so as to avoid high tenperature at
whi ch euglena is killed and warm ng so as to avoi d excessive water

tenperature decrease during the winter nonths and nighttinme. [0036]

As a conposition of the nmediumfor euglena, for exanple, a nodified
Craner-MWers nedium (1.0 @RIFINRESZRPEYION @F JRAVKNEPO4, 0.2 g/L MgSO4
-7H20, 0.02 ﬁ}hmz-mﬂo,omm g/L EDTA -2Na, 3 ng/L Fe2 (SO2) 3

. 7H20, 1.8 NhC12 -4H20, 1.5 ng/L CoSO4 -7H20, 0.4 ng/L ZnSO4 - 7H20,

Py 0hl or 146 (vi { GhTE B0 Gy AROLaRar nt (Ui AT ST (RS can be
used. It is alesgipasshigiely @chtansies m (N4 2HEOA dIMrai aiHY 22 Ssand NH3
aa embodiment of the present invention.
Figure 2 is a flow chart showing a method for producing
a euglena highly containing a wax ester according to a second
embodiment of the present invention.

Figure 3 is a flow chart showing a method for preducing

a wax ester according to an embodiment of the present invention.

DETATLED DESCRIPTION OF THE INVENTION
[0032]
Hereinbelow, an embodiment of the present invention will
be described based on the drawings.
Here, the configuration described below is not intended
to limit the present invention, and various modifications can

be made within the scope of the present invention.
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O course, a conposition of the nediumis not limted to these
conpositions. [0037] Al t hough pH of the nmediumnmay be within a range
of 2to 7.5, it is preferable to be adjusted to 3. 5 or 5.5. Particularly,
when the nediumis acidified to a pH of 4.5 or |ess, contam nation of

zoopl ankton, cells, and the |like can be effectively controlled. [0038]
Subsequently, in Sreps Zemiidieineedi w@lises epbasedebyod ft rmpgeluciadr ee-free
medi um and further culturing is carried out. ~ For a conposition of

t he nitrogerfSBEngdrifighdy eRitiaiming Srepestef Sy @udmpllag soReseiwgeredi um
1% manni tol,_ 0.2% Myd 2 6H20 and_0..14% KH2PO4 ¢ be used. . o

course & CHBSELE OB R Smdf e horY | EHEEBAE & MAB5SREs TR as the
medi um does n. taj ' - e Q3% 1 : tly, in
Step 3, anaer%g%rio?%?r gg?ﬁiﬁ?%ﬁ gtgﬁglgg tstCJ'r te-‘kciggugl eﬁggi %hecg$r§i'q§l§q%§f%?

Anaer obi ¢ t raaidmbtcli SoR@Itwidgy, carried out by allow ng an inert gas such
as nitrogen gas to flow through the nmediumafter culturing. In addition,
anaer obi ¢ trgdt3®8nt can also be carried out by allowing the nmediumto
still-stand. When the nmediumis allowed to still-stand wi thout stirring,
the cells are sett (EHHoP2Ad™ERE) density is increased, so that a shortage

of oxygen is induc aerohi.¢c treatnment. l, aryied o y maki ng
a high density st a%‘gc%réﬁél n ?i%?é‘lartei %’n.a r1 PR epr%o%ﬁ%g%ﬁl Oaf{ kﬁﬁir%el{holr%e is

accept abl e &% PRGNS d a lehigNBhadlt WIkT IR nli 0 Dhakih val dirangd t he
presence or absence of light irradi'ation has no effect on wax ester
fermentati orto The acesphiabireraratient wohltleepdrsatnibed.s not so hi gh that
euglena is killed and is not so |low that the nediumfreezes. Normally, wax
ester fernentationt®hd®reaeBt hegrduebiqnp KeGRed [igG4Qpes Step 1 of

aerobically culturing euglena in a nitrogen source-added medium
(corresponding to a first step), Step 2 of replacing the medium
with a nitrogen source-free medium and aerobically culturing
the euglena (corresponding to a second step), and Step 3 of
performing anaerobic treatment and fermenting carbohydrate
into a wax ester (corresponding to a third step).

[0034]

First, although the culturing of euglena in Step 1 can
be carried out by allowing air to flow through the medium as
a carbon dioxide source, it is more preferable for a carbon
dioxide gas to be allowed to flow through the medium to increase
the culturing efficiency.

Specifically, by taking advantage ¢f air and a carbon
dioxide gas also containing oxygen, an aerobic culturing is
carried out.

A carbon dioxide gas can be allowed to flow, for example,

byutilizing a combustion exhaust gas emitted fromplants, power

12



Through the culturing under nitrogen-starvation conditions in Step 2,
carbohydrate can be sufficiently accumul ated in eugl ena. Ther ef or e,
since the cells which have been cultured in Step 2 are put under anaerobic
conditions, the carbohydrate which has sufficiently been accunulated in
Step 2 is transforned into a wax ester in Step 3, and accordi ngly, wax
ester accumglatnten ami Sheplikd.s Bt anwtsi cahd,yiknicr pasferalf04d]remove I n

other words, Step 1, Step 2, and Step 3 described above exhibits, when they
are combi nedusdgdidiernd A% dehvanpalgeduisored R erts k it PHadwst e? L e ®ful at i on

is dramatically . increased i ch cannot  be obfai ned each .si ngle step.
[0042] emijrakgar 585‘,‘@%%%‘?% firRiat e by 035{3/ N g‘g&éﬁ&’esf,ort he

cel I's of euglana eyl tusalhUPdes, N idLI8R R AEYALRR £ondihh epss Axlbi t a
green color even 1mmedi ately after anaerobic treatnent sane as that during
cul turing, ayweshtiat®dd, bsmkiHdedsingd thereald bskae, dorBtROt1 iid@ange
conpared to that before anaerobic treatnent. Specifically, when anaerobic
treatnent isl@&@3lied out in a nitrogen source-free nmedium an advant ageous
effect that the survival rate of cells of euglena is significantléyinproved

conpared to that obt@HER by Btnilfregantsalr ce? cdtt Qi e PHERTRT $Yal so
exhi bi t ed. 'rradia’tA:‘Zn eaSnC%'rl%gi@PQi’ei ghle &%‘sn?%ﬁgf%]soé n tf]P e, ILEP 2,
e b a |geh cel?

and Step 3 describe ove achi eves % eug?ena Wi activity
cont ai ni Ng & SHEN FALIRNES Yeuh @:8€naMURLw O ¥aX1 EgteFoeanednl Qikhe

background art. [0043] (Second enbodi nent)
low energy and low cost.

In addition, it is preferable for the water temperature
of the medium to be controlled to 29 + 1°C.

However, it is preferable to avoid temperature contreol
so as not to input an energy for water temperature control, or
even if the water temperature control is performed, minimum
contreols are preferable such as cooling so as to avoid high
temperature at which euglena is killed and warming so as to avoid
excessive water temperature decrease during the winter months
and nighttime.

[0036]

As a composition of the medium for euglena, for example,
a modified Cramer-Myers medium (1.0 g/L (NH4),HPO,, 1.0 g/L
KH,PO4, 0.2 g/L MgS0O, -7H0, 0.02 g/L CaCl, :2H,0, 0.05 g/L EDTA -2Na,
3 mg/L Fes (S02)3-7H0, 1.8 mg/L MnCl; -4H;0, 1.5 mg/L CoSQ4-7H0,
0.4 mg/L ZnS0,4 - 7H20, 0.2 mg/L NaMoC4 *2H20, 0.02 g/L CuSQ,4-5H:0,
0.1 mg/L thiamine hydrochloride (vitamin B;), cyanocobalamin
(vitamin Bjz}, (pH 3.5)}) can be used. It is also possible to

transform (NH4):HPOs into (NHs4}2 S04 and NH; aqg.
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According to Figure 2, a second enbodi nent of the nethod for producing a
eugl ena highly containing a wax ester according to the present invention

wi |l be descri bed. Since the conposition of the nedium the
culturing conditions and the like are the same as the first exanple, the
sanme description is omtted, and only the difference will be descri bed.

[ 0044] The aerobitseGulat vonpgs stiem iof Shemddiused sanaedlinmden whi ch a
nitrogen source is removed fromthe nodified Craner-Mers mediumin Step 1
of the firsttendsdiengampositions.gpecifically, in an early stage, an aerobic
cul turing of (%J%g; ena is started in a nitrogen source-free nedi um In
Step 1, first H Step SI, a nitrogen source is fed to the nmediumto which

eugl ena i's i nocul ag ghoxé\%p?ﬁ] of NG mé&lﬁrﬁ n%?dge%tthli“ B9 driyCREMS &4, out by

Step S2. Subsequent er or not t Ition o nitrogen source is
allowed to be, st @pﬁeqaxle‘fedawérfiorwla&ju&&pt&&5or5.5 barSt@padlwhen it
is determned that the addition of nitrogen source is not to be stopped
(Step S3: Nojher hlee medatmentacididinad toe B ef 4S5, omhes® APLTTYOmiSoW ce is
fed. In addition, in Step 3, when it_is determ ned _that the
addition of %ftFEgRRREATe F%llt%' barst dfifed! 1 ef283: beyegfiethigalveat ment
noves on to CS(;tnetpro?ﬂedz_ind the addition of nitrogen source is stopped.

[0038]

Subsequently, in Step 2, the medium is replaced by a
nitrogen source-free medium, and further culturing is carried
out.

For a composition of the nitrogen source-free medium in
Step 2, for example, a Resting medium, 1% mannitol, 0.2% MgCl,-
6H,0 and 0.14% KH,PQ, can be used.

0f course, a composition of the medium is not limited
to these as long as the medium does not contain a nitrogen source.
[0039]

Subsequently, in Step 3, anaerobic treatment of the
cultured euglena is carried out.

Anaerobic treatment is normally carried out by allowing
an inert gas such as nitrogen gas to fiow through the medium
after culturing. In addition, anaercbic treatment can also be
carried out by allowing the medium to still-stand. When the
medium is allowed to still-stand without stirring, the cells
are settled down and the density is increased, so that a shortage
of oxygen is induced. Anaerobic treatment may be also carried

out by making a high density state by centrifugation.
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Specifically, in Step 1, a nitrogen source is gradually fed, and an aerobic
culturing containing a nitrogen source is carried out. The feed
anount and the like of this nitrogen source depend on the conditions of
weat her, tenperature and the like, and are properly adjusted in

consi deration of these conditions. Here, as a rough standard of

st oppi ng the addi tTion pof ani thogerimeolls cascdptabliesagnbad) AenNit i not

consi deration of the above conditions and the |ike, for exanple, the point
where the céll cEbReRNEY dOHONT PégBhealue ceptailit Pegepnam it ReS¢de Odr e

| ect ed. Q4 . .. Sub tly, in St 2 (st S5), bi
cul tur ng | o e TG By E0 CoReF O HSF a0t e aton . The ©
Although, ataddhi®abiBereddiet il QS0 SAMLE T BERIDS 1Alramn eardyg stage, the

nitrogen source is assimlated by euglena over tine, umis put
under nitrogenksowdandt B vatinleendiast ORS medium frecERer efiy@nalaq, cal | ed
culturing step "Aerobic Culturing Step Wthout Nitrogen Source" of Step 2

i s establish@g ester fermSuirddguernty, innStlep86, draidehobisf er nent ati onst ep
of Step 3 is carried out, and this step is the same as in the first

enbodi nment . ﬁqgf ?] As a nmethod of adding a nitrogen source, a nethod

of inputting a nitpoggnsounce af, (higiskar gl Cubtyriog al 4 4l s al so

consi der ed. _ I's case, the nitrogen Source renains at an early
stage, the nidncQ@eBnSOUNnLestspassi NthAt&t,ddatUotenaavesytfiB.endiq t he

mediumis put under nitrogen source-starvation conditions.
accumulated in euglena.

Therefore, since the cells which have been cultured in
Step 2 are put under anaerobic conditions, the carbohydrate
which has sufficiently been accumulated in Step 2 is transformed
into a wax ester in Step 3, and accordingly, wax ester
éccumulation in Step 3 is dramatically increased.

[0041]

In other words, Step 1, Step 2, and Step 3 described above
exhibits, when they are combined together, an advantageous
effect that wax ester accumulation is dramatically increased,
which cannot be obtained by each single step.

[0042]

In addition, as detailed in the following examples, the
cells of euglena cultured under nitrocgen-starvation conditions
exhibit a green color even immediately after anaerobic
treatment same as that during culturing, almost no cell is
killed, and the cell size does not change compared to that before
anaerobic treatment.

Specifically, when anaerobic treatment is carried out

15



Ther ef or e, anaer obi ccul turi ngunder nitrogen-starvation conditions,
so-called, culturing step "Aerobic Culturing Step Wthout N trogen Source"

i s established. [0048] The net hod for producing a eugl ena highly
containing a wax ester according to the second enbodinent is effective in a
| arge scal e industrial manufacturing |line. Specifically, it is

possi bl e t o amryiottdgegubburtagfiae aediimycus adpentdgans s6fast tthael i m nat e
centrifugation operation for nmedi umrepl acement or the |ike.
Accor di ngl y, theh8uewkTaly rase ofeefed Yeat fFoglenrtis PhgNT S 58I eeiPATEY he

production nethod is effectively l1ed 1o the mass production of a
eugl ena hi ghfREGHETHIRGE & :(/_Vﬁi %@?&r. { bBa%Y %Hbfel&ﬁgﬁ?qcﬁ T n
reference to Figue3nibhe.gtep of the nethod for producing a wax ester
from eugl ena according to this enbodinent will be described.
First, euglena is gslddigdbed Sep,lchEhtsmbisnddioncoftsndpng, asess ¢i,ng to
the production step according to the first enbodi nent or second enbodi nent.
[ 0050] Subsetjyeftky,3 devaxilesd ebove asttiewstsed ¢uplStngpwRth a high cell
activity containing a significantly large amount of wax ester
compared to the background art.
[0043]

{Second embodiment)

According to Figure 2, a second embodiment of the method
for producing a euglena highly containing a wax ester according
to the present invention will be described.

Since the composition of the medium, the culturing
conditions and the like are the same as the first example, the
same description is omitted, and only the difference will be
described.

[0044]

The aerobic culturing step in Step 1 uses a medium in
which a nitrogen source is removed from the modified
Cramer-Myers medium in Step 1 of the first embodiment.

Specifically, in an early stage, an aercobic culturing
of euglena is started in a nitrogen source-free medium.

In Step 1, first, in Step S1, a nitrogen source is fed
to the medium to which euglena is inoculated.
f0045]

Then, an aercobic culturing is carried out by Step S2.

Subsequently, whether or not the addition of nitrogen
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Therefore, the conponent obtained in Step 2 is subjected to a first
purification in Step 3, and then subjected to a second purification in Step
4, to obtain a wax ester. In the first purification, a wax ester is
extracted fromeuglena with an organic solvent, and in the second
purification, separation and purification of wax ester with a colum is
carried out.source isThelwexd esi ée pibppeédi asidesoinbddiab®ve cBn be
effectively utilized as a biofuel containing this wax ester. Exanpl es

[ 0051] ( Rear ey Smethod foriprstatinhted Ce§ &ha dddHIIOrC At ai ni ng
a wax ester) . Her ei npel ow, the euql e hi contai ni ng a wax est
TR PE RS othe s Ao O Lt el T OV G R e e
an exanple. [00n24]s kB Lhis example, RYOLEna, WALl 1§ £egtrain was used.

The nedi um was prepared by sterilizing 1n"an autoclave a nodified

Cramer - ers nmedi uph (sddd tdboh, ( NP4, wherD i@/ Ls KidAROhined2tigHd tMgSOA

. 7H20, 0.02 g/L CaCl2 .2H20, 0.05 g/L EDTA -2Na, 3 ng/L Fe2(S02)3. 7H20,
1.8 ng/ L MGIRidERe, of. BinpdenCeSdMed HX) to0bd siggipath IS ePHRY, Y@s2.ng/ L
Na2Mb04. 2H20, 0. 02 9/ LCuSm™. 5H20, 0.1 /L thiam ne h%/_dr ochloride (vitamn
Bl ), cyanocobft &RFACTSAT BAVAS B’PZ{}? SG5R Bisppd the addition of nitrogen

source is stopped.

Specifically, in Step 1, a nitrogen source is gradually
fed, and an aercobic culturing containing a nitrogen source is
carried out.

The feed amount and the like of this nitrogen source
depend on the conditions of weather, temperature and the like,
and are properly adjusted in consideration of these conditions.

Here, as a rough standard of stopping the addition of
nitrogen source, in this embodiment, in consideration of the
above conditions and the like, for example, the point where the
cell concentration reaches a certain level and the like are
selected.

[0046]

Subsequently, in Step 2 {Step S5), an aerobic culturing
is continucusly carried out for a required period.

Although, at this time, the nitrogen source remains at
an early stage, the nitrogen source 1s assimilated by euglena
over time, and the medium is put wunder nitregen
source-starvation conditions.

Therefore, so-called culturing step "Aerobic Culturing

Step Without Nitrogen Source™ of Step 2 is established.
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[0053] (Step 1: Aerobic culturing) A 1 L-volunme shake flask was
charged with 880 ml prepared nedium thereafter, an al ga body of eugl ena
was i noculated so as to have an initial concentration of about 0.05 g/L,
and was subjected to shaking culturing in a growth chanber (nmanufactured by
SANYO El ectric Co.,Ltd, GROMH CABI NET) set at 29C for 9 days. The |ight
i rradi ation intensftlysamsengdty,tin abeptS61G0 amnd ol fHrmeantchttibe dtieght
irradiation period was set to 24 consecutive hours. A carbon dioxi de gas
with a ventitatitéR dersiceyréed 199 wasdstipbt i d@H Ast Hee f9a8skas[ DOSLE (St ep
2: N trogen-geg itcie%gt d%I téjri ng) After culturing for 9 days, the
cul turing f1ui'd wWas arvitded i nto two, and each was replaced with a nitrogen
source-free [rm%m and a nitrogen source-contai ned nmedi um
Specifically, 420 ml each of a culturing fluid was taken from 880 nl of the
culturing fluid, emshs asdthdd wFedddang & heitdid@nsypearsa) adtmedmodicFcar ded.
Thereafter, 420 mM of the nodified Craner-Mers nedium (hereinafter,
ni trogen sourgdtddngcsd aptraeei gepreteigthe KH2RPOOL Gu2 tgrinMg304a t2HR0, 0. 02
g/ LCaCl2- 2H20, Q.05 g/ LEDTA2Na, 3 ng/L Pe2(S02)3.7H20, 1.8 ng/L WMhCl2. 4H20,
1.5 g/ L CoS.3AH890C°BS 491 znSos. 7H20, 0.2 ng/ L Na2MD04. 2H20, 0.02 g/L
OO 2r20, o) Motk i amane, Ddnachlaebdeotutd AR ) . CxRNGSA0AI AT
(p ) fromwhic ved

(vitam n B12), a nitrogen source was réeno wds added

to one precigudgt,i ek n42Coddn ebuacoay LM iRdiudd(BPahgi dhdgvariiogen
source) was added to other precipitation, and each was suspended.

The cul turi rgpd | thd mepliasedisv phta mdgmgent seygecesdetcet etdrwadionm | S
referred to as Sanple 1, and the culturing fluid replaced with a new CM
medi umis r B E4OR8-as Sanple 2, hereinafter. [0055] Af t er

repl aci ng the nedi le 1 and Sanple 2.were both further subjected to
shaki ng cul turing ‘lﬂﬁnéraeﬁgorq%\ﬂlt h chdhber §EF°8tC29C Y- T4 R8urs. uﬂ?l?rl i ght

irradiation fintRRsht ¥t YBsaSin t CoARAUL K00 ml1Gak, S)cul%QQihg_e Jele@ht
irradiation period was set to 24 consecutive hours. A carbon di oxi de gas
wi th a venti'zatriobicdemsiityrofg 108csms wipdited Nocddy@enf | &frce™ is
established.
[0048]

The method for producing & euglena highly containing a
wax ester according to the second embodiment is effective in
a large scale industrial manufacturing line.

Specifically, it is possible to carry out culturing in
continuous operation, so as to eliminate centrifugation
operation for medium replacement or the like.

Accordingly, the energy use required for culturing is
reduced, and the production method is effectively applied to
the mass production of a euglena highly containing a wax ester.
[0049]

Subsequently, in reference to Figure 3, the step of the

method for producing a wax ester from euglena according to this
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[ 0056] (Step 3: Anaerobic treatnent) After replacing the nmedi um and
culturing the nedium dry weights of Sanple 1 and Sanple 2 were neasured
(Table 1A), the flask was sealed tightly and shielded in a growh chanber

set at 29C and allowed to still-stand, so as to put the cells under
anaerobi c conditions. [0057] The met hod of neasuring a dry wei ght
of eugl ena cetbeiimentheitulbardaxgrfibadd is as described bel ow. The

cells were dried in a dryer at 105C for 30 mnutes in advance, and 1 m of
the culturing fl UI Hipes fergianed 4 t‘]‘fill‘%\lrﬁlda%1 fSteperl . GSTPE s( fgntgct ur ed

b ADVANTECIVF | NC. th, a e of about 1 pm of which weight had
ren monsur catrgnire) phebithd Ut Per Bptoforth s -Brgtatoute di e 10oe

and dried foglgsgﬁ%%odl'ggﬁ@agg esre,corngeeggbggn&{tass filter was dehum dified

for 20 m nutes and cooled while pressure I's decreased in a vacuum

desi ccat or, fdogojthe wei ght was neasured with a precision bal ance. The

wei ght difference of the filter before and after filtration was referred to
as a dry wei ght pePuldsedquentQ@s8p wax esterpfifseextaseydngirodttegnder obic
treatment for 48 hours, both sanples were collected, Using a centrifuge
(manuf act ured by KERRERGTSs. R CoOmpRaeERPLakped AR %ﬁ‘eﬁ%ésc%ﬂﬂ?wt@&

cul turi ng 1144 & s Senird,Luged o, 3000, BnAl &7 dhalot derperalie for

m nut es, then thé supernatant was al ga body
was col | ect géhrifeaeobhech e!;l:e% g9 hedynrvasn f4 zeh ardrt hen |yophilized.

[ 0059] (Extraction of lipid
In the first purification, a wax ester is extracted from
euglena with an organic solvent, and in the second purification,
separation and purification of wax ester with a column is
carried out.

The wax ester purified as described above can be

effectively utilized as a biocfuel containing this wax ester.

Examples
[0051]

{Regarding method for producing a euglena highly
containing a wax ester)

Hereinbelow, the euglena highly containing a wax ester
according to the present invention will be specifically
described showing an example.

[0052]

In this example, Euglena graclilis Z strain was used.

The medium was prepared by sterilizing in an autoclave
a modified Cramer-Myers medium (1.0 ¢g/L (NHy),HPO,, 1.0 g/L

KHy,PO4, 0.2 g/L MgS0O,-7TH20, 0.02 g/L CaCl; -2H;0, 0.05 g/L EDTA -2Na,

19



A 50 ml -vol une eggpl ant-shaped flask was dried in a vacuum desiccator for 1
hour or so, and the weight of the eggpl ant-shaped flask itself was
nmeasured. The |yophilized eugl ena powder was crushed with a spatula or the
| i ke, and the powder was weighed into a 50 m -volunme Erlenneyer flask. At
this time, the weight of Sanple 1 was 0.693 g, and the weight of Sanple 2
was 0.480 g % TelflLeFdRBF0:) 3 -7H20, 1INExtg/I2@ndil. ofi.bexartemyas added7H.0,each
sanpl e and suspended. In order to further crush clunps of the powder, the

suspensi on vis* BEUEHEF O THeU| O r 280l NagioR: f8k03(° (Ecahb$uSPheSB@per nat ant
after spont ous ,precipitatio transferred.to 50 ml -vql une gl ass
Sentrifuge {Uns W htd TSR SOPRET it (iperte Ba CERITTIHRET S 3000
romfor 10 mpuwesn %%q ,theusypgrpatant was filtered through a filter paper
(ADVANTECMFS, | NC., . 2). The extraction operation was repeated
for a total pfos®itinmes while replacing the sol vent. Speci fically,

t he above extraction operation was repeated 3 tinmes using hexane, then the

sanme extracti on opé&feep o Begobarerfetbwutngl tinmes with replacing the
organi c solvent with acetone, and finally extraction operation was carried

out 3 times using A SBIVRIMMEHHATHEN DY VAP GG IRexETE BBUMAcEtHiEedt a rate
of 1:1. Ther e | ang. - ith filirate _inside
was war nmed iHthéiL (St]('al\ff\%!ice:arfébeg:t'hglgtg'.;’aqL %)8828%(%%5%%%?% w\rlgost é??/c%%/%tpeocfg or
(manuf act ur et by HEHY QLR KAKIKAL KR nirHR 1 RUARL MACCUAEYAPLRATOR) t o
evapor at e hexane and acetone. Inside of the eggpl ant-shaped flask was
washed usi nguwrjsrtakel amounthekihexanel andirtg ansf era edytawtbhe akaingpped

eggpl ant -shaped flask. This operation was repeated 4 tinmes, and then hexane
was evapor at @R AaERBrRARY FRNKErERCtaligvec - Ltd, GRPHEHeGRHINGR)- sBEped

flask was coyer,ed W.th alum num.,foil., . put in a vacuumdesjccator, and dried
for 30 mi nuta\eés 2,?061\% rougr’Jl d(%rySSOr%ﬁﬁ' Ilég]é‘gabﬁjfaa‘ﬁahtgwfier’rﬁn}tﬁflﬁjgtlhé‘ﬂ?a?néfa%

The wei ght qf I P fl as f.t. e Al ipid fromthe
eugl ena po er gaggggﬁg@sﬁﬁéeféfngngpt ﬁél%mg?%‘ﬁtl%(ﬁ)j?: ?%%%lgaé%%g%é%ﬁoa%g °f I ask
itself initisakl yoreaswedesasivsuhbiast edy tdenefr hoxtiaecahsuliatr the

wei ght of the lipid (Table 1C). Here, nost of the |ipid extracted
t hr ough t he venéséatiextderrtiiton ofrefl Addwavassirplihed by bhevaklasst.er .
[0054]

(Step 2: Nitrogen-deficient culturing)

After culturing for 9 days, the culturing fluid was
divided into two, and each was replaced with a nitrogen
source-free medium and a nitrogen source-contained medium.

Specifically, 420 ml each of a culturing fluid was taken
from 880 ml of the culturing fluid, each centrifuged, and then
the supernatant was discarded. Thereafter, 420 ml of the
modified Cramer-Myers medium (hereinafter, nitrogen
source-deficient medium) 1.0 g/L KH;POQq, 0.2 g/LMgSO, - 7H,0, 0.02
g/L CaCl; -2Hz0, 0.05 g/L EDTA 2Na, 3mg/L Fex (S02)3-7H0, 1.8 mg/L
MnCl; -4H20, 1.5 mg/L CoSO4-7H20, 0.4 mg/L ZnSO4-7H,0, 0.2 mg/L

NaaMoQ, -2H,0, 0.02 g/ CuS04-5H20, 0.1 mg/L thiamine
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[ 0060] As a result of this experinent, the extracted anmount of the
final crude lipid was 0.188 g from Sanple 1 cultured in the

ni trogen-deficient mediumand 0.157 g from Sanple 2 cultured in the CM

ni trogen source-contai ned nedium Thus, the final anount of the crude |ipid
when cultured in the nitrogen-deficient nmediumwas |arger by 0.031 g (Table
1C). [0061] hydrochlokrmdadtiitiaoin Bile cgahendbaleneirof(vihemin ude) ) i(pHd based
on the dry wei ght before anaerobic treatnent was 23%in Sanple 1 cultured
in the ni tro@e% ééPmdﬁ@rﬂh mwg&ﬁdsqwﬁei Hasm%fe@ ¢t egded 9 onke CM

rredlumcontalnln t ent te of . the lipid cultured in
The nitr oper R Rataht el ass HRgs (LFgerhy 9oer iilea Ty AP ToP0062)
Fur t her nore, ri g bgggég and afder apaerohig stheatim|nt . the cell

wei ght was reduceg by about 0.120 g In Sﬁ ES)l, él t he cel ?Enurrw%gr was
reduced by Osdpengiedn Sanpl e 2 (Tabl e 1B). The coI or of the culturing fluid
of Sanple 2 imedi ately after anaerobic treatnent is changed into brown.

When observed wit hTle mi erbsecope n@n&idcelﬂ@hmerleel kiwiltéd, aandhigvegehi vi ng
cells al so becane reduced in sjze. Meanwhile nple 1 exhi bited a green

col or even iFAECACEr L ernesia®t 46 Eef‘?’é‘:ﬁ%ﬂ a?aﬁﬁmﬁ%ethata“diultpﬁg
cul turing. Vglﬁncu‘%%gr}‘ﬁgﬂ“xt Qxl%c@dcrotﬁfoapgﬁ edlu'ﬁf’l%e'ré 1% 4LL ed, and

the cell size’is no ange conpar &d Sré ahser obic T r Gat ment .
Based on thexabkowieesyl isSpeidadtefound that when anaerobic treatnment is
carried out in a nitrogen source-free nedium the survival rate of cells is
significantl|yodasiroved conpared to that in a nitrogen source-contained
medi um The resul tA%tsersgmrlfgd t|hn lagllgmlsa[mogwl ['I('iagl e % )
placing the me ’ ple 1 and Sample 2 were

both further subjected to shaking culturing in a growth chamber

set at 29°C for 48 hours. The light irradiation intensity was

set to about 100 umol/ (m?+s), and the light irradiation period

was set to 24 consecutive hours. A carbon dioxide gas with a

ventilation density of 10% was supplied to the flask.

[0056]

{Step 3: Anaercbic treatment)

After replacing the medium and culturing the medium, dry
weights of Sample 1 and Sample 2 were measured (Table 1A}, the
flask was sealed tightly and shielded in a growth chamber set
at 29°C and allowed to still-stand, so as to put the cells under
anaerobic conditions.

[0057]

The method of measuring a dry weight of euglena cells

in the culturing fluid is as described below.

The cells were dried in a dryer at 105°C for 30 minutes

in advance, and 1 ml of the culturing fluid was filtered with
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A Dry wei ght before anaerobic treatnment (g/400 m) B Dry weight after
anaerobic treatnment (g/400 m) C Extracted anount of crude lipid (g/400 m)
C/ A Content rate of lipid (% Sanple 1

a glass filter GS-25 (manufactured by ADVANTEC MFS, INC.) with
a pore size of about 1 pm of which weight had been measured.
Next, the glass filter was located in a dryer set at 105°C and
dried for 1 hour. Thereafter, the dried glass filter was
dehumidified for 20 minutes and cocoled while pressure is
decreased in a vacuum desiccator, then the weight was measured
with a precision balance. The weight difference of the filter
before and after filtration was referred to as a dry weight per
I ml.

[0058]

After carrying out anaerobic treatment for 48 hours, both
samples were collected. Using a centrifuge (manufactured by
KOKUSAN Co.Ltd., H-103FN), 400 ml of the collected culturing
fluid was centrifuged at 3000 rpm at ordinary temperature for
5 minutes, then the supernatant was discarded, and the
precipitated alga body was collected. The collected alga body
was frozen and then lyophilized,.

[0059]

(Extraction of lipid)

A 50 ml-volume eggplant-shaped flask was dried in a
vacuum desiccator for 1 hour or so, and the weight of the
eggplant-shaped flask itself was measured. The lyophilized
euglena powder was crushed with a spatula or the like, and the
powder was weighed into a 50 ml-volume Erlenmeyer flask. At
this time, the weight of Sample 1 was 0.693 g, and the weight
of Sample 2 was 0.480 g {Table 1B).

Next, 20 ml of hexane was added to each sample and

suspended. In order to furthexr crush clumps of the powder, the
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(Ni trogen-deficient nmediun) 0.813 0.693 0.188 23 Sanple 2 (CM nedi un) 0.987
0.480 0.157 16 [0064]

suspension was crushedwithultrasonicwave for 30 seconds. The
supernatant after spontaneous precipitation was transferred to
a 50 ml-volume glass centrifuge tube with a lid with a Pasteur
pipette and centrifuged at 3000 rpm for 10 minutes, and the
supernatant was filtered through a filter paper (ADVANTEC MFS,
INC., NO. 2).

The extraction operation was repeated for a total of 9
times while replacing the solwvent.

Specifically, the above extraction operation was
repeated 3 times using hexane, then the same extraction
operation was carried out 3 times with replacing the organic
solvent with acetone, and finally extraction operation was
carried out 3 times using a solvent obtained by mixing hexane
and acetone at a rate of 1:1.

Therefore, the eggplant-shaped flask with filtrate
inside was warmed in a hot water bath at 40 to 50°C using a rotary
evaporator (manufactured by TOKYO RIKAKIKAI CQO, LTD, ROTARY
VACCUUM EVAPORATOR) to evaporate hexane and acetone. Inside
of the eggplant-shaped flask was washed using a small amount
of hexane and transferred to the weighed eggplant-shaped flask.
This operation was repeated 4 times, and then hexane was
evaporated in the same manner as above.

The eggplant-shaped flask was covered with aluminum foil,
put in a vacuum desiccator, and dried for 30 minutes to 1 hour
or so while evaporating remaining hexane.

The weight of the eggplant-shaped flask after extracting
a lipid from the euglena powder was measured, and the weight

of the eggplant-shaped flask itself initially measured was
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Based on the above, in an experinental area put under nitrogen-starvation
conditions, the final yield of the lipid is increased, and al so the
survival rate of cells before and after anaerobic treatnent is
significantly inproved conpared to an experinmental area cultured in a
nitrogen source-contai ned nedium [0065] (Regarding separation and
purificati onswftmeategsttbeyefron, to Stdhisedaeet ithe aniembodf mamd lofpitche
procedure for extracting a wax ester from euglena and purifying will be
described. (Table I .this enbodi ment, a wax ester stored in eugl ena was

extracted and puri fl.ed, Ual g ROPRE £Lb:H 02 5B Blion LRG"SALENS)
extraction method was formed by a wax ester.
[0060]

As a result of this experiment, the extracted amount of
the final crude lipid was 0.188 g from Sample 1 cultured in the
nitrogen-deficient medium and 0.157 g from Sample 2 cultured
in the CM nitrogen source-contained medium. Thus, the final
amount of the «crude 1lipid when <cultured in the
nitrogen-deficient medium was larger by 0.031 g (Table 1C}.
[0061]

In addition, the content rate of the crude lipid based
on the dry weight before anaercbic treatment was 23% in Sample
1 cultured in the nitrogen-deficient medium and 16% in Sample
2 cultured in the CM medium containing nitrogen. Thus, the
content rate of the lipid cultured in the nitrogen-deficient
medium was also larger by 7% (Table 1C/A).

[0062]

Furthermore, comparing before and after anaercbic
treatment, the cell weight was reduced by about 0.120 g in Sample
1, and the cell number was reduced by 0.507 g in Sample 2 (Table
iB). The color of the culturing fluid of Sample 2 immediately
after anaerobic treatment is changed into brown. When observed
with a microscope, many cells were killed, and even living cells
also became reduced in size., Meanwhile, Sample 1 exhibited a
green color even immediately after anaerobic treatment same as

that during culturing. When observed with a microscope, almest
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kg Hexane

60 L Ether 1 L Wkogel 0-300 300

no cell was killed, and the cell size is not changed compared
to that before anaerobic treatment. Basedon the above results,
it is found that when anaerobic treatment is carried out in a
nitrogen source-free medium, the survival rate of cells is
significantly improved compared to that in a nitrogen
source-contained medium.

The result is summarized in Table 1.

[0063]
[Table 1]

A B C c/a
Dry weight | Dry weight | Extracted Content
before after amount of rate of
anaerobic anaercbic crude lipid | lipid
treatment treatment {g/400 ml) (%)
(g/400 ml) | {(g/400 ml)

Sample 1 0.813 0.693 0.188 23

(Nitrogen-

deficient

medium)

Sample 2 0.987 0.480 0.157 16

(CM medium)

[0064]

Based on the above, in an experimental area put under
nitrogen-starvation conditions, the final yield of the lipid
is increased, and also the survival rate of cells before and
after anaerobic treatment is significantly improved compared
to an experimental area cultured in a nitrogen source-contained

medium.
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g [0066] 1. Extraction and filtration (1) 1 kg of euglena was wei ghed and
suspended in 2.5 L of hexane (2) The suspension was vigorously stirred with
a bl ender 30 seconds x 3 tines (3) The m xture was allowed to still-stand
at roomtenperature for 10 mnutes to all ow eugl ena powder to be settled

down spontaneously (4) The supernatant was subjected to suction filtration
with a filtefogpgEgier (5) The sedinent was transferred to a BUchner funnel,

and the oil conponent adhered to the sedinment was pressed (6) The fi Itrate
in (4) and the col |%%g@ﬁfhfq%lsﬁfpﬁﬁa'f%ﬁnV@I’%W&ﬁé?é e @b “@XeGQEPéht shaped
fl ask, and concent ed Wi tlél arotary. e orator oncentration conditions:
temperature of 50 PRI decdrpr&ssi© ﬁ“ﬁ’ Eé‘%en%f OfOO *P698H° mHdg) Thi s

concentrat edeiﬂﬁ@tqnbs -hergl nather sLeferrgiedd A% "SONGEALLALE 1S3aP! €

described.

In this embodiment, a wax ester stored in euglena was

extracted and purified using powdered euglena (Step 2).

{Ingredients)
Euglena powder 10 kg
Hexane 60 L
Ether 1L
Wakogel C-300 300 g
[0066]

1. Extraction and filtration
{1) 1 kg of euglena was weighed and suspended in 2.5 L of hexane
{2) The suspension was vigorously stirred with a blender

30 seconds x 3 times
(3) The mixture was allowed to still-stand at room temperature
for 10 minutes to allow euglena powder to be settled down
spontaneously
{4) The supernatant was subjected to suction filtration with
a filter paper
{5) The sediment was transferred to a Blichner funnel, and the
0il component adhered to the sediment was pressed
{6) The filtrate in (4) and the collected fluid in (5) were
transferred to a eggplant-shaped flask, and concentrated with
a rotary evaporator (concentration conditions: temperature of

50°C * 10°C, decompression rate of 100 mmHg to 150 mmHg) This
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[0067] 2. Separation and purification (Step 3) (1) Wakogel C-300 suspended
I n hexane was filled into a glass colum (1009) for 30 centineters or so
(about 300 g was filled therein) (2) The colum was equilibrated by flow ng
1 colum vol une of hexane (3) About 500 g of the concentrated sanple was
applied on the colum (4) As eluting solvents, in which a wax conponent is
separ at ed fromddmereanddiguatied Isamlrerfetaimeaed rirad tthea cBEoumertthe tkal | ow ng
three types were used: a. hexane: ether = 100: O (hereinafter referred to
as sample".
[00867]
2. Separation and purification (Step 3)
{1) Wakogel C-300 suspended in hexane was filled into a glass
column (100¢) for 30 centimeters or so (about 300 g was filled
therein)
{2) The column was equilibrated by flowing 1 column volume of
hexane
(3) About 500 g of the concentrated sample was applied on the
column
(4) As eluting solvents, in which a wax component is separated
from the concentrated sample retained in the column, the
following three types were used:
a. hexane: ether = 100: 0 (hereinafter referred to as
"eluting solwvent a")
b. hexane: ether = 95: 5 (hereinafter referred to as
"eluting solvent b")
c. hexane: ether = 80: 10 (hereinafter referred to as
"eluting solvent c")
{5) The separated wax component was subjected to acid hydrolysis,
to perform a second purification (Step 4).
[0068]
Results
The result of extraction of a wax ester carried out
through the above method will be shown.

(1) About 3 L of wax component was extracted from 10 kg of

euglena.
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"eluting solvent a") b. hexane: ether = 95: 5 (hereinafter referred to
as "eluting solvent b")

Based on the final collection rate, it is seemed that
almost all the wax component can be collected through one time
extraction with hexane.

{2) Inperforming filtration, since filterability was not gocd,
sellite was spread over a filter paper to perform filtration.
(3) In performing concentration, when concentration is
performed around 30°C, the concentrated ligquid is cooled by the
heat of veolatilization, the viscosity of the wax component is
increased from the surface, and bumping and blowout into the
evaporator occur. In order to avoid this, concentration was
performed around 50°C, so that the viscosity of the wax
component was lowered and blowout into the evaporator by bumping
could be avoided.

{4) About 500 g of the concentrated sample was applied on the
column after equilibration is performed ontce the column by
intreducing 1 column volume of hexane. 280 g or so was not
retained and was directly eluted. Therefore, 2 column volume
of eluting solvent was introduced to elute the component which
is not retained, and the eluate was concentrated.

{5) Next, 3 column volume of eluting solvent b was introduced
to elute and the eluate was concentrated. It was found that
the wax component was eluted together with a yellow pigment.
{6) Next, in order to completely elute the wax component, 3
column volume of eluting solvent ¢ was introduced to elute and
elution was performed.

At this time, about 240 g (300 mL) of the wax component
could be collected.

Although a chloreophyll component could be separated,
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c. hexane: ether = 90: 10 (hereinafter referred to as "eluting solvent c")

(5) The separated wax conponent was subjected to acid hydrolysis, to

performa second purification (Step 4). [0068] Results The result

of extraction of a wax ester carried out through the above nethod will be

shown. (1) About 3 L of wax component was extracted from 10 kg of eugl ena.
some pigments remained with a quite low concentration.

[0069]

Discussion

Based on the above result, the column volume necessary
for retaining 240 g or so of the wax component was about 2 L
{about 1 kg), and the amount of the solvent required for elution
was 9 column volume (about 18 L).

It can be seen that, when the wax component is 2.5 kg,
the necessary column volume is about 24 L {about 12 kg), and
the volume of the solvent required for elution is about 200 L
or so.

[0070]

As described above, hydrolysis is carried out after
geparation, so that the carbon chain of the wax ester iz
shortened, volatility is increased, and wvalue as a fuel is
enhanced.

Moreover, this wax ester can be effectively used as a
biofuel.

Euglena is, as also used in health food and the like,
an easily obtainable microorganism, which enables culturing in
a large scale.

Quality wax ester can be collected by means of euglena,
which is a microorganism as described above, so that clean
energy 1s stably produced.

In the present example, the extraction with an organic
solvent was carried out, but the extraction method is not
limited thereto. For example, separation with water, a method

using a carbon dioxide fluid, and physical methods such as
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Based on the final collection rate, it is seened that alnost all the wax
conponent can be coll ected through one tine extraction with hexane.. (2) In
performng filtration, since filterability was not good, sellite was spread
over a filter paper to performfiltration. (3) In performng
concentration, when concentration is perforned around 30C, the concentrated
liquid is coobragrdmsithecheatl of hwoluwateidl.i zati on, the viscosity of the wax
conponent is increased fromthe surface, and bunping and bl owout into the
evaporator occur. In order to avoid this, concentration was perforned
around 50C, so that the viscosity of the wax conponent was | owered and

bl owout into the evaporator by bunping could be avoided. (4) About 500 ¢
of the concentrated sanple was applied on the colum after equilibration is
performed onto the colum by introducing 1 colum volune of hexane. 280 g
or so was not retained and was directly eluted. Therefore, 2 colum vol une
of eluting solvent was introduced to elute the conponent which is not

retai ned, and the eluate was concentrated. (5) Next, 3 columm vol une of
eluting solvent b was introduced to elute and the eluate was concentr at ed.
It was found that the wax conponent was eluted together with a yell ow
pignment. (6) Next, in order to conpletely elute the wax conponent, 3
colum volunme of eluting solvent ¢ was introduced to elute and el ution was
per f or med. At this tinme, about 240 g (300 nL) of the wax conponent
coul d be collected. Al though a chlorophyll conponent could be separated,
sone pignents renained with a quite | ow concentration. [0069] D scussion
Based on the above result, the col unm vol une necessary for retaining 240 g
or so of the wax conponent was about 2 L (about 1 kg), and the amount of

t he solvent required for elution was 9 columm vol une (about 18 L).
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It can be seen that, when the wax conmponent is 2.5 kg, the necessary colum
volunme is about 24 L (about 12 kg), and the volune of the solvent required
for elution is about 200 L or so. [0070] As descri bed above,
hydrolysis is carried out after separation, so that the carbon chain of the
wax ester is shortened, volatility is increased, and value as a fuel is
enhanced. Moreover, this wax eShiiMScan be effectively used as a

bi of uel . Euglena is, as also used in health food and the |Iike, an
easi |y obtainable nicroorganisn1 mhich enabl es culturing in a large scale.

Quality wax gester ¢a Qb o ect means, of .euglena, which is a
m cr oor gani s% as dg’scrl ddf)ajia ve uCl gfﬁa?u% eggnhl elrygf/brll%alsrfléﬁ 9 Woduced

In the presesdcaXadhshidihg G‘a)(tfﬁ!?s!ﬂ Of: M t By afe AEIANE1G S QL MR- 1 WES scarri ed
out, but the extraction nmethod is not limted thereto. For exanple

separati on whidramiger, englenhhod usi ngcwndar barpdi @d depddiind, andiemhysi cal
nmet hods such as conpression can also be used. CLAIMS 1. A nethod for
produci ng a ki esiea - ﬁﬁ:gﬁV?tWhFaPﬁithIaS ﬁla@@déslmn b‘bh@]ﬁltéllerigl@rqahggt step

of aerobi cal |l culturln a .secopd st tting
under ni trog%%glsetnﬁ‘r vt F ﬁtlé’f) adIo élrli HYSShiteR PR ‘fﬂ“craglﬂ
eugl ena i s Gl edoanst &a{;abﬂn Whiugd hﬁaegﬁﬁa%%b%dc&&lmm%step of

retaining the ce s un anaero ic conditions.

2. The method for producing a euglena highly containing a
wax ester according to claiml, wherein the nitrogen-starvation
conditions are created by replacing the medium with a nitrogen

source-deficient medium.

3. The method for producing a euglena highly containing a
wax ester according to claim 1, wherein,

in the first step, the aercbic culturing of the microalga
euglena is started in a nitrogen source-free medium, also the
culturing is continucusly and aerobically carried out with
appropriate adjustment of the feeding amount and addition of
a nitrogen source, and the feeding of nitrogen source is stopped
at the point where the cell concentration reaches a certain
level, and

in the second step, the medium is put under
nitrogen-starvation conditicns, and further culturing is

carried out.
4. The method for producing a euglena highly containing a
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2. The nethod for producing a euglena highly containing a wax ester
according to claim1l, wherein the nitrogen-starvation conditions are
created by replacing the nediumw th a nitrogen source-deficient nedium
3. The method for producing a euglena highly containing a wax ester

according to claim1, wherein, inthe first step, the aerobic
cul turing ofwahesnterapabgdieggloetbains lstrarletniBn whandimggen theurice+f r ee
medium also the culturing is continuously and aerobically carried out with

appropri at e &efRrsenearbet diRgifedtingsafbeifit: &dthdEia ic6H R A9 idogen
source, and the feedi ng of nitr%%en source i s stqpped at the é)cfi nt where
the cell contEMTaA N FeXENET £ U Falh*FRVEICT4d 3 PTOV19F % he second
step, the nediumis put under nitrogen-starvation conditions, and further
culturing is carried out. 4. The nethod for producing a euglena highly
contai ning as. wax eRé afetARAOLdr HY-dducehai MchigQknt! @i dA13; cvhesehing ian t he
first step, a carbon dioxide gas is flown, so that a carbon di oxi de source
and an oxygevpsegtee anoccadinbetrercdadmel prberdén thebcafun gapkbde fags
produci ng a eugl ena highly containing a wax ester according to claim4,
wherein the Jc%lrgfﬁlﬁ’r?edleﬁ‘ﬁﬁ%dg%%omr PrRdsBLeRFtted from power plants. 6. The
nmet hod for producing a euglena highly containing a wax ester according to
claim1l1, wherein, in the third step, anaerobic treatnent is carried out by
at | east oneg et hodhsele8®loadrbF PRIdMRE hglReuaBhhl BLd1Oy c8hBRThNYy a _
treatnment, and concentration by centrifugation. 7. A nmethod for producing
a wax ester,wcongtiesi agecading ng albimud) nghdieimughenhe hilghtd stemt,ai ni ng a
wax ester produced through the nethod for producing a euglena highly

cont ai ni ng AWBERSCetTaEEBEET NGS t B2ERE DN ofPx| & Maasto %%imﬁ‘%,Od

t f t ti ily f ti i.th iC | t bt
e KA1, A L Lo P B0 SR SOV ER g, O o
a step of sepgrabingia.wey, eshfl-ifgat Bg wax conponent with a colum to

performa first purification.

a

7. A method for producing a wax ester, comprising carrying
out, using the euglena highly containing a wax ester produced
through the method for preoducing a euglena highly containing
a wax ester according to any one of claim 1 to claim 6,

a step of extracting an oily fraction with an organic
solvent to obtain an extract, and concentrating the extract to
obtain a wax component, and

a step of separating a wax ester from the wax component

with a column to perform a first purification.
8. The method for producing a wax ester according to claim

7, wherein the concentration is carried out within a range of

50°C = 10°C.
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8. The method for producing a wax ester according to claim?7, wherein the
concentration is carried out within a range of 50C 10C. 9. The nethod for
produci ng a wax ester according to claim?7, wherein a step of hydrolyzing
the wax ester obtained by the step of performng a first purification to
performa second purification is carried out as a next step. 10. The

nmet hod for p¥oduci ge anamdivdetdepradocoinh rgwan ctarmdsomhieet o, cliaint he step
of performing a first purification, hexane or a mi xed sol vent of hexane and
et her to whithvBereinis sieRef hHdanl eHRMEREfWaDFEEy L VIt@REedrbY 8¢ i s used
as an e'“t'rﬁ%é%”é%e%%r?89${§§iJ‘%f?%% gSLEEIEation to perform a second

purification is carried out as a next step.

10. The method for preducing a wax ester according to claim
7, wherein, in the step of performing a first purification,
hexane or a mixed solvent of hexane and ether to which ether
ig mixed in an amount of 10% by volume or less is used as an

eluting solvent applied to the column.
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