WO 2010/ 023384PCT/ FR2009/ 001044 1 Phot osynt heti c m croorgani sns enriched in
sel eni um usi ng sel enohydroxy acid conpounds, uses thereof in nutrition,
cosnetics and pharmacy The invention relates to the enrichnent of
phot osynt hetic m croorgani sns in organic selenium in particular using

sel enohydro i ounds, and nore particularly
2-hydroxy-4§%3§ﬁ}¢@gf obutanoic acid, in (D,L) fornﬁﬁgﬂgggogﬁogh%ﬁtioner,

salt or ester or 10 am de derivative of This conpound, and also to the use
of the photosynthetic mcroorgani sns thus enriched in animl or human

nutrition, in cosnmetics or in pharnacy. .Seleniumis a mcronutrient
essential t oPROFARYERAC BENHAFECPRIBALENEUERF1CBHIER SRIENPIBSHASPHS

Sul fur 15 Sititenolehabx¥ 88id 4888cufids, ludes408e4dbf. ihnnparticdohar, it
participates, in'the formof L(+)-selenocysteine_ar L(+)-selenonethionine
(Miller, S. et al., Arch. NIciéﬁ%ﬁﬁi$§4§§§TE§%§$éﬁﬁl), in the biosynthesis
of sel enoproteins such as gl utathione peroxidase, 20thioredoxin reductase
and selLenoprotein, P. . ni i Ciencjes ve - ted.kn
hunans% in partigﬁﬁar ?%v?ﬁgfégseu%%ﬂ%% %en?%isuﬁ?%%pe%%?gcggggﬁtergr

f eedi ng ovephbbngypehebds oftitkrAerERBASBEOCkRaUSEASNMHCE, SeBPBLUMTT agB El em
Res., 1988, ,15i1441225 5%y AedahbiyavBRienRita@t bonpetindQ) Atodf msekeni um
is con3|dergd to be safe and adequatée for an adult hunman o aver age wei ght
(Schrauzer , PEFRICUIarip vUEgng mﬁw@rm’%-“ﬁmﬂﬁs-‘%em utanoic atgdy enium
is found naturalby.) i FokwQ feFrnMsf ongandmard) @ngl j nezgani sr ester The

i norganic co unds_ar e, nost co nly. salts such as i enLLe_oar

sel enate. Tﬁgggecgﬁﬁﬁﬁﬁ5§vgr8 l%(%ﬁ%?qﬁgmﬁuﬁﬁﬁi-%ﬁg n%glég%iﬁ%%s?g

The organi cthenpbondsyhohginecs elieragmaoripound)usrenBieled esenandmih
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am no aci ds L(+)-sel enonethioni ne, L(+)-nethyl sel eno- cysteéine and

L(+) - sel enocyst ePaéenium ig (&)mbsreRBhEiANbnereers itHe fii HBIRF c 81ef
organi ¢ sel gaiEn N Hy MRSl Bl MRlenddovevey.,; humaeharesSanicealrsrar e

aut oxotrophic _for this am no_acid, which can
15 P Silicon Relat Elem., 1992, 67, i-4, 404-415) . In

particular, it participates, in the form of L(+)-seleno-
cysteine or L{+)-selenomethionine (Muller, 8. et al.,
Arch. Microbiol., 1997, 168, 421), in the biosynthesis of
selenoproteins such as glutathione peroxidase,

20 thiocredoxin reductase and selenoprotein P.
Selenium deficiencies have been reported in humans,

in particular in the case of patients subjected to

parenteral feeding over long periods of time (Von
Stockhausen, H.B., Biol. Trace Elem. Res., 1988, 15:147-
25 155). A daily supplementation of 200 pg of selenium is

considered to be safe and adequate for an adult human of
average weight (Schrauzer, G.N., J. Am. Col. Nutr., 2001,
20:1-14).
Selenium is found naturally, in two forms: organic
30 and inorganic.

The inorganic compounds are most commonly salts such
ag sodium selenite or selenate. These compounds are very
toxic to humans and most animals.

The organic compounds {organoselenium compounds} are

35 represented in living organisms, in particular, by the



be obtained only through the diet. Sel eni um shoul d therefore ideally
be incorporated into food supplenents ained at treating or preventing a
sel enium deficiency, in this organic form 10It has thus been possible to
denonstrate that supplenenting the diet with L(+)-sel enonethionine is much
| ess toxic j better bioavailability than e form
of sodi um sg?(grﬁ%ﬁ@%% y, MC et al., J. of Trace E@Tﬂ‘@%ﬁg}%m& 2000,
13:367-380). 15Currently, netabolic pat havays for sel enium uptake by |iving
organi snms ot her than those using inorganic selenium mainly in the form of
sodi um sel eni te, and sel engnet hi oni ne, tEjelsubstrat es are unknown

A
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for obfai ni ng sel enonet npositions consists in enriching
certain ni ckgorganisag PﬁlwrgéﬁpegbeﬁéﬁléﬁﬁG5|ng i norgani ¢ sel enium Once

enriched, these @b@éﬁ@ﬁﬂansﬁ6§1§00@ﬁeféfé@éﬂiﬁ&ééﬂﬁyﬂ:beg ﬂﬁ&efpekatea.the
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products such as, for exanpl'®e 5 sel eniumenriched bread (Wang Boaquan,
patent CN 18172kg éP 68216200®E  SRIRINY R g (MPDY paf et TWEE5432 of

12.11.2003) 7. eg@s TtRek Eieal &kp. pri®nt 20803022236€705680@3..07. 2007),
chocolate (In Gy

on atent KR20040101145, of . 11. 08. 2004
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05. 31. 2006), or el'sé for roving the i ntestinal mcroenvironment o
nypoglycenteeéeepeﬁteloesneL|a$a§U2ﬁ&§at§§téﬁ? eRk3eUT61 of 08.02.2006). In
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these plants is not sufficient to be able to readily, and
25 less expensively, produce food additives.

One of the approaches explored for obtaining
selenomethionine-rich compositions consists in enriching
certain microorganisms in organic selenium  using
inorganic selenium. Once enriched, these microcorganisms

30 can be used as starting material for the preparation of
food or cosmetic products.

Numerous publications describe, £for example, the
preparation of selenium-enriched yeasts, and more
particularly the vyeast Saccharomyces cerevisiae (Oh Tae-

35 Kwang et al., patent KR950006950 of 06.26.1995), for the



25 US5639482 of 06.17.1997), or which are cardiovascular (Nagy P.L. et a/.,
patent HUT060436 of 09.28.1992). Bacteria, and nore particularly
probi otic bacteria, have thensel ves al so been the subject of selenium
enrichment (Calonme M et al., Biol. Trace Elem Res., 30 1995, 47,

379-383). aci dophi l us, but al so Lactobagi |
Lact obaci | | S‘gb?@?ﬁr?béﬁ nsi s and Lactobacillus buchnﬁﬂpﬁﬁghﬁéhmﬁ
(Andreoni V. et al., patent US0258964) have been descri bed as

sel enium enri ched food supplenments. M xtures of probiotics made up 350f

yeasts and |actobacilli,for the purpose of WO 2010/ 023384PCT/ FR2009/ 001044
4 reinforci RYTPRES MuNEBSPSt dMThEF eSUSHarRe C6 diRGART I HIHhgTRERe Qi n,
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the m g 00 90158y [Ne Theroaraan] STh-hRUB enrleheda dlibough, bavhag

synt hesi zed actory am)un r anl Sél eni um which " can™b
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unconvert ed1bN9RQ3RIG ) Sel SR IM(cYAI iy Cap pipve bacbardangeyousie bhe
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2006/ 008190 23n&VeRO8rgani EPEERPBERds ( BF SEreddhy dtdxy Sfci @1t ypePR&FE been
descri bed agrbeiongiahhie st Qaﬂsenyeoaszpoeo;uro&orbeéﬁr trlaaow@tvbesmseof et

L(+) | enonet hi gni _ne. i Sur g e.a I i cant
has ng‘t%ed t Rat ‘o gr?né: %&%@%’s oqfdf ade]# eno‘nyd&gxy gm ylﬁ%aléﬂcﬁog)éa t hose
descri bed i seafoi, capmzya:&/@ﬂ&ﬂﬁ/ OOBﬂ;e@pman dyel drroue porgi@ted nyeastst ur e
medi a for eﬁalvghl ya égﬂsg%g xahn ' Br RLALT GRS (WdhOF GRS

ta ave r ve

selenium T results o | ed that these conpounds nmake
it possibl epasepsr yCRBITT 2120t IOF e‘h?n%h 30RR) ni @ooryaRi FRE LAPHRVERSUI ar

in L(+)-sel epamefdii i1 Wni Brdeii ek8nhbat ioF efbydl Pidmi®, p@.tg.@wa@

hi gher than, _that obtai ned usi ng tﬂﬁql nor cogg ﬁgd% % #rz Lé%ed 30
I't had5t hus ‘bdcoh@Ca Egﬁl‘oentpf‘ﬁﬁ ]g%re phot %@ het

m cr oor gani ﬂmmno@n@aﬂb@ sei ehd umasipngs Or gams ¢ coonaoumickyy ofedehdmohkydr oxy
acid type p I rqg%%§ el u r or.gani c
sel eni um g%g&glcg%dt $ P%VB errggggﬂlcg’el§10|itecplL ?Jrggctj%élt %g prior
art met hods red‘#\@l@&th@QB%Mﬂ@l‘/ F@@@G@/ 002083, 5 Patent Twlp?ﬁ‘ét%%t Rétic

M croor gani g8 2hhygeenr i shed carpe y§§deﬂti§ﬁt |yt | pHA® Qe t adeaiin the
context of the &%eventl on or treatnent of seleniumdeficiencies, in

parti €@l ar FEFiEAE3purgfose?df- prBaGEPRg PRATTECARS capt  11-14.1995).

Pharmaceutical preparations containing selenium-enriched
yeasts have been used in the prevention and treatment of
inflammatory pathological conditions such as
retinopathies related to diabetes (Crary Ely J., patent
25 US563%482 of 06.17.1997), or which are cardiovascular
(Nagy P.L. et al., patent HUT060436 of 09.28.1592).
Bacteria, and more particularly probiotic bacteria,
have themselves also been the subject of selenium
enrichment (Calomme M. et al., Biol. Trace Elem. Res.,
30 1995, 47, 379-383). Lactobacillus acidophilus, but also
Lactobacillus reuteri, Lactobacillus ferintoshensis and
Lactobacillus buchneri/parabuchneri {(Andreoni V. et al.,
patent US0258964) have been described as selenium-
enriched food supplements. Mixtures of probiotics made up

35 of yeasts and lactobacilli, for the purpose of



Snutritional or cosnetic products and conpositions. Detail ed description of

the i nvention The present application relates to the obtaining of
phot osynt hetic m croorgani sns, that is to say of m croorgani snms, the growh
of which is dependent on a 10source of energy fromlight. The term

"m croorgani, s, 4.5l ded to nmean any |iving uni celpl; I
bel ongi ng tbﬁgr?éhmn%iff ol I ow ng ki ngdons: noner a, r‘#&?@,ﬁg@géi{%s or
prot ozoa, having a eukaryotic or prokary#stic cellular 15 structure, of

m croscopic or ultram croscopic size, and having a netabolic and

reproductive potential. Said unicellular mcroorgani sns ma bS_i nvol ved in
t he fornatl6ﬁ¥ﬂfqrq%%ﬁﬁﬁﬁ?(ﬁmTﬂ%ﬁlFﬁﬁtem and resistance to diseases

Preferably, t(mephet o;sym hetiinG M 64 0ef g a N 320 1ac cof dilng dsa Adwes)i nwarti on
are eukar yO&)I c _mcr oar%%(e: nore preferably Chlorophyceae of the Chlorella
genus, Gicat YOEPE roal gae such as cyanobacteria, preferably of the
Spi ruli na or Art Mmzsmen:a genusl(Isptheken)prderdatoms, artdhenebelknowm-t o

those skilled i, 2 tel e ari-for nc_fa lé%&l ngayéedﬁ%g Kelole} s%r@m%ﬁrghﬁlc .

particdlar in opi g "cou erm "organi c selenl unt
i nt ended toslﬁémlamb@lﬂle’ct iTawsof trhﬁ Erasilazes c@f\t%ﬁfh@hgmatm@%’éstfoﬁﬁé’néﬁrrpound

having at | eagly QishS&dt&Nl &N 86NN sletl%nqk&@ﬂ&:.als§ﬂe§éﬁycg@1ﬁblgaa@al e of
bei ng produced b%/ a living organi sm such as f "Eé:irtl cul ar the amhno
aci ds sel endfet hFBfi nEULrdRy | SBFeHdcy Glei nk ﬁnd

peptides or marelcRirg@nd@hisaithiuig eIIhﬁfﬁhed although Hhem@ospsynébatzed

m cro rganl S us.enriched i | eni um.can such, I se as
a food %addi fgg\%é'st%%oféflo?rﬁagﬁgﬁ Fﬁf@@&ﬂﬁolﬁgge§§$ﬂe3@éﬁ%§ fC(')a(rH e?()anpl e,

be dehydr at egsssiqidsitiegt floy nthestables povgherishat of aanbexhiddrtpor abédhinto

conposi ti ons.aGt4139 a?e@ef’a%? L%Cé%ﬂ@cpaﬁﬂblrgangE tgansiqiredareduct s,

but can al so bé used Tive as probiotics in food” 5 product transformtion
processes, &R tRECPEr pesebef GHIRTAHY, tPor LB arfpice vibrdenf@BSHITRS or

dri nks. sanf Subj ect of the present |nvent| on is ther efore a novel

met hod for enriching a phot osy nt hetic r.oor.gani sm '13@]3?' e (%;)rret hi_.oni ne

and/ ort3 n sel enodyst eithe, Pi@ t‘:ﬁ‘é?acté‘ﬁ g3 That B St osyMERET ¢
M croor gani $i0 i29 ceylooeried i mevell buganiediaempeemgs scpflgsaleunbgdm@ng

sel enohydr oxy .a¢ %ﬁ%un ave peenP" f%rﬁlg %%ebgggggog%qeof roelepobydroxy

acid type iS a co general formu Of~a_precursor, a 155alt or
al t er nat i velpyreamrssresr fcs-?r aﬁh@lesﬁéﬁhﬁf&tlﬁv@ﬁ ﬁ’ebfselenomethlonlne in

humans and animals.

20 Surprisingly, the applicant has noted that organic
compounds of selenchydroxy acid type, such as those
described in application WO  2006/008190, can be
incorporated into culture media for enriching various
photosynthetic microorganisms in organic selenium. The

25 results obtained have revealed that these compounds make
it possible to very efficiently enrich such micro-
organisms, in particular in L(+)-selenomethionine, with a
yield that is equivalent to, or even higher than, that
obtained using the inorganic compounds normally used.

30 It has thus become apparent that the enrichment of
photosynthetic microorganisms in organic sgelenium using
organic compounds of selenchydroxy acid type makes it
possible to produce organic selenium £free of inorganic
selenium, and also to selve the problems of toxicity

35 related to the prior art methods.



in which fornmula: nis equal to O, 1 or 2; 20Rl is an OH, OCOR3, 0OPO3H2,
OPO3R4R5 or OR6 group; R2 is an OH, R3, NNR3, S-cysteinyl or
S-glutat hionyl group; it being understood that, when n = 1 and R2 is OH,
then RL cannot be OH, R3 is an al koxyl, ceram de 1, ceram de 2, ceram de 3,
25 ceram de ra 5, ceram de 6a and 6b, S-cystgl

S- gl ut at hi or}ép 5@8@59@# a group chosen fromthe fol |§$M‘Jd‘.2%\"}<8"1044

2010/ 023384PCT/ FR2009/ 001044 7 Preferably, R3 is an al koxyl,
S-cysteinyl or S-glutathionyl group; OR4 is a (Cl-C20 al koxyl,
ceram de 1, ceram de 2, 5ceranide 3, cerami de 4, ceranmde 5 or cerani de 6a
and 6b group, or ZSYrROPECHERERFFOnTERECPEEREWCRG: S BrerEreBl ¢aATorRA i s
a (Cl1-C25) ajekaxydd ggdtgctly in theORbolds taa(del-iG2)hal koxtydxt COFamhee 1,

cerani de 2, crer am'tde 3, cer%rri detﬂl4 cer%m de15 or cerdggiigeegg.%rsld 6b
5group, or &GroutHos&F f rEREHE ol Powi K§ FPGUPs: fencies,; "In

particular for the purpose of producing pharmaceutical,
5 nutritional or cosmetic products and compositions.

Detailed description of the invention

The present application relates to the obtaining of
photosynthetic microorganisms, that is to say of
microorganisms, the growth of which 1is dependent on a

10 gource of energy from light.

The term ™“microorganism” 1s intended to mean any
living unicellular organism belonging to one of the
following kingdoms: monera, protists, mycetes or
protozoa, having a eukaryotic or prokaryotic cellular

15 structure, of microscopic or ultramicroscopic size, and
having a metabolic and reproductive potential. Said
unicellular microorganisms may be involved in  the
formation of filaments or biofilms.

Preferably, the photosynthetic microorganisms

20 according to the invention are eukaryotic microalgae,
more preferably Chlorophyceae of the Chlorella genus, or
prokaryotic microalgae such as cyanobacteria, preferably
of the Spirulina or Arthrospira genus (spirulin}. The
latter are well known to those skilled in the art for

25 being used as food supplements, in particular in
developing countries.

The term “organic selenium” is intended to mean a
collection of molecules containing at least one compound
having at 1least one selenium atom 1in its chemical

30 structure, capable o©f being produced by a living
organism, such asg, in particular, the amino acids geleno-
methionine, methylselenocysteine and selenocysteine, or
peptides or proteins containing them.

The photosynthetic microcrganisms thus enriched in

35 selenium can be used as such, or else as a food additive.



WO 2010/ 023384PCT/ FR2009/ 001044 9 HH,NH, OH CH 114 ) 12 C ,zCl112113 CH,
OHOH OH Preferably, OR6 is a (Cl-C20 al koxyl group; OR6 is a
pyruvate, lactate, citrate, fumarate, naleate, nyristate, palmtate,
stearate, palmtoleate, 5oleate or linoleate group, a natural fatty acids

group or a lgflgyi@hhgpate oroup: 77 1S an H perRn @il
group, a naturalf amno acid or a natural amne. In fornula (Il a%ove: 10t he
term"alkyl" is intended to nean a lineaf or cyclic, optionally branched,

optionally fluorinated or polyfluorinated, group containing 1 to 26 carbon

atons, and ogptionally c ri sing.one or e carbon-carbon doubl e bonds,
such as, for anﬁﬁ@:régﬁyﬁfa Hylr, ?@O_e%ydrated e
15propyl , t rigfdarireoneddydy | thateybn ibwl enydgsorated into compositions

acting as a base for the preparation of transformed

products, but can also be used live as probiotics in food
5 product transformation processes, for the purpose of

obtaining, for example, fermented milks or drinks.

A subject of the present invention is therefore a
novel method for enriching a photosynthetic microorganism
in selenomethionine and/or in selenccysteine,

10 characterized in that said photosynthetic microorganism
ig cultured in a culture medium comprising a compound of
selenohydroxy acid type.

Preferably, the compound of selenohydroxy acid type

is a compound of general formula (I), or a precursor, a
15 salt or alternatively an ester or amide derivative
thereof:
on O
it
58 R,

i @

in which formula:

n is equal to 0, 1 or 2;

20 R; is an OH, OCOR;, OPO3H;, OPO3;R4Rs or ORg group;

R, is an OH, Ra., NHR,, S-cysteinyl or S-glutathionyl
group; it being understood that, when n = 1 and R, is OH,
then R; cannot be OH;

R; is an alkoxyl, ceramide 1, ceramide 2, ceramide 3,

25 ceramide 4, ceramide 5, ceramide 6a and 6b, S-cysteinyl
or S-glutathionyl group, or a group chosen from the

following:



pal m toyl; the term"al koxyl" is intended to nean a |inear or
cyclic, optionally branched, optionally fluorinated or WO

2010/ 023384PCT/ FR2009/ 001044 10 pol yfl uori nated, group derived froma
prinmary, secondary or tertiary alcohol containing 1 to 26 carbon atons, and

optionally I e or nore carbon-carbon doublg- s, for
exanpl e, neﬁﬁg££¢ﬁ”&$%§£yl iso- 5 propoxyl, trlfluoronet 0X ﬁﬂﬁh4£
| i nol eoxyl, |inolenoxyl or palmtoxyl; 7 structures of radrcals of

ceram de type are described in particular in -Cosnetic Lipids and the Skin
Barrier", Thomas Forster Ed. 2002, Marcel Dekker, Inc., p 102, fig 2;

t he ternr"naturalh,is intended to gean any corresponglngiconpound found in
t he met abol i sm.of nhsns of fhelplant, and aningl rId _and also in that
of humans (Steglic MI ~eRe3Epp Eﬁﬁbqrab€d|a~hbtura 1 dots,” G Thiene
ed.); t he ternr"olrgoner" is ¥ntended to nean aﬁy conpound formed by
the linking of 2 to 15 nonomdrs connected to one another by means of an
ester-type bond; the tero > yers is |ntended 0 _pggan any 20 conpound
formed by the linking of nore than 15 nononers tonmécted to one anot her by
means of an ester-type hond. According to the invention, sai d

conmpounds of fornula (}) pref erably used in t e form of 6a|crunrsalts
zinc salts or nagne, ‘ whi Chg 2 . es it ible to
obtain better sg in cu tuﬂe'ﬂ?mia, and aIso better as§inoi | ati on by
t he phot osynt hé Croorgani sns. In one preferred enfodi gnt of the

i nvention, the ynthetic mcroorganismis chosen fromthe group 30
formed by Cyanop yceae and Chl or ophyceae. Thus, t phot osynt heti c

m croor gani s ant ageously sel ected froanya ophyceae or
Chl or ophyceae, | I gr Qup «§"0r y Chl or ophyceae of
the Chlorell ag the Splrull J Arthrospira

35genus. WO 2010/023384PCT/FR2009/001044 11

OH

Preferably, Rj is an alkoxyl, S-cysteinyl or
S-glutathionyl group;

OR; is a (C1-Cze) alkoxyl, ceramide 1, ceramide 2,

5 ceramide 2, ceramide 4, ceramide 5 or ceramide 6a and &b

group, or a group chosen from the following:



The invention relates nore particularly to the use of a conmpound of formula
(1), chosen (or taken) from L-2-hydroxy-4-nethyl sel enobutanoi c acid,

D 2- hydr oxy- 4- et hyl sel enobut anoi ¢ acid, 5-

DL- 2- hydr oxy- 4- et hyl sel enobut anoic acid, or a salt of these conpounds.
These corrpowgsz(ﬂb 2§§§£ri bed in application WO 2006/9@%&%00@(@59&;& of
the invention i’ al's0”a photosynthetic 10 m croorganismenriched In organic
sel enium that can be obtained according8to the nmethod of the invention.
Such a m croorgani smgenerally has an organi c sel enium content of greater
than 500 ppm preferably greater than 1000 ppm nore preferably greater

t han 2000 ppmon a 1% sel eni um equi wal ent basi s, andsanei norgani c sel eni um
content of |ess fhan fBQ@Hprefe%abr%/FQSQQQhan 0229 Jore, preferably

|l ess than 0.1% by dryewei ght of said )gi croorgani sm Prigferably, the
invention relates to the case where the photosynthetic m croorgani sm
conprises 20 |l ess than 1.5%Q/ﬂ£9£@raply | ess thang0.5% nore preferably

| ess than 0.1% by nmass of inorganic sel enium« 8t 0 't he total
sel eni um I'n other words, the residues of seleniumin inorganic form

that are present in the phg 5 m,croorgani snms ent ched according
to the nethod of the pm [ ess tiham.1. 5% of the
total sel enium preséd neral |

acaQun Q

‘iéns, whi ch ge Lgpresents

oor gani sm

m croorgani smenri ¢ghed in organic sel enium charag¢ferized in that the
content, of saiekg Of sel enonet hi oni ne

2010/ 023384PCT/ FR2009/ 001044 12 nmss of selenium relative to the total

sel enium present in sai dep t heti i crogorganism Such a proportion of
sel enonet hi oni ne repe sige - ¢ul arl y advant ageous
i nprovenent, in terns unt =5 an ality of organic sel enium present
in the m croorgani snf® ared with what was obtained in the prior art.
In particular, the invenfion relates to the case where the nmicroorganismis
characterized in that it is a

Preferably, ORs is a (C1-Cpe) alkoxyl group;

ORs 1is a (Ci1-Cse) alkoxyl, ceramide 1, ceramide 2,

ceramide 3, ceramide 4, ceramide 5 or ceramide 6a and 6b

5 group, or a group chosen from the following groups:



10 sel eniumenriched Chl orophycea mcroalga, preferably of the Chlorella
genus, and in that said m croorgani smcontains a sel enonet hi oni ne content
of generally greater than 50 m crogranms of sel enium equival ent per gram

(AgSe/ g), preferably greater than 70 AgSe/g, and nore 15 preferably

greater tha by dry weight of said m croor The
anount of sgyégaﬂﬂﬁﬁgéed i nsi de the m croorgani sns |rf§ﬁ?ﬁgg Qﬁooﬂoorganlc
nol ecul es (sel enonet hi oni ne, sel enocystebne, or the like) or inorganic 20
nol ecul es (seleniumsalts) is expressed as mass of sel enium per gram
(AgSe/g) of dry melght of the mcroorganisms. In other words, the selenium
content of the ph fosynthetlc m crgargani sms i s estabi shed Qy cal cul ati ng
the mass of sel’ ﬁﬁé§ent |naLh3s?/e£QEQgc drye &yﬂn sm In
addition, the of sebenium present inorganicsand al so §tabllshed and
expressed as to the mass of total selenium total seleniumand seleniumin
the form of selenonethlongg;ﬁpf t he photosyn{hetqc m cr oor gani sns
according to the inventiof™~TCar be deternlnedyx espectopwvely, by

m neralization and enzyne digestion after centrifugation and |yophilization
of the mcro- 35organi sng, for exanple by follomnng the met hod accordi ng
WO 2010/ 023384PCT/ FR20Q9/ 4 ‘ descr bed in Mester,
Z. et al. (2006) ] ) Tl ¢S
obt ai ned accord 5 it whi ch are |IIustr dinh the
psent application, ShOMlthat t he phot osymt hets#c

ifor & particularly the Chl orophycea and Cyanophycea

| ate seleniumin the formof selep8hethionine in a content
of generally gre han 100 m crograns of sel eni ioval ent per gram
(AgSe/g), 10 p 0 AgSe/ g/ none preferably greater

t han 500 AgSefg, £ pr y greater than 1000*.AgSe/ g by dry

wei ght, and even greater than 1400 AgSe/g by dry wei ght of these

m croal gae. The inventign therefore rel pr e partlcularly to 15 a

Chl orophycea or a (¥ ealenri che :
inthat its content of ni ¢ 3=l &hi § 1 | sel enomethionine is
general |y greater tRamxt06. AgSe/ g, pref€rably greater than 200 AgSe/ g, nore
preferably greater thans 500 gSe/g, and 20 even nore preferably greater

t han 1000 AgSe/g by dry meight -Such a Chl orophycea or Cyanophycea
enriched in 0r9a@f%f%§%?ﬂ§“ gngreklyccpaégﬁgek ﬁg hB that its content
of organic seleniumin forn1o Sel &ho- ine fepresents nore
than 50% prefer @y ASrea hayIrDRtavor elgrtede? abl §ikBRrESt hahuBEY¥AtEven

nore preferabheamare Hhans20%:, an?a@meeaeere thanrds¥, of phhgitetiakteel eni um
that it contains, and _alsa in that its residual. content of .i norganic

sel eni @m g@&g@§@|?r|é§§xpﬁ§ﬁ. HRUp, a natural fatty acids grdup or
a 13-cis-retinoate group;

nicroorganisn%,
m croal gae accu

R; is an H or (C;-Cs) alkyl group, a natural amino
acid or a natural amine.
In formula (I) above:

10 - the term “alkyl” is intended to mean a linear
or cyclic, optionally branched, optionally fluorinated or
polyfluorinated, group containing 1 to 26 carbon atoms,
and optionally comprising one or more carbon-carbon
double bonds, such as, for example, methyl, ethyl, iso-

15 propyl, trifluoromethyl, linoleyl, linolenyl or
palmitoyl;

- the term “alkoxyl” is intended to mean a linear
or cyclic, optionally branched, optionally fluorinated or



30 is preferably less than 0.5% nore preferably | ess than 0.1% of the
total seleniumthat it contains. In general, its residual content of
inorganic seleniumis less than 1% preferably less than 0.5% nore
preferably | ess than 0.2% and even nore preferably |less than 0.1% of the

35total bio 1 d, Chl orophycea, by dry weight.
2010/ 023384%/5%9%9’@33‘} 1044 14 The i nvention aq(g’ﬁprr{glogg/ggl U he

production of food, cosnetic or pharmacéwtical products from said

phot osynt heti c m croorgani sms enriched in sel eniumaccording to the nethod
of the present invention. This 5 production nmakes use of techni gues known
to those skPPR¥FlVRTERECEFAr, group ﬁ?ﬁ%ﬁﬁ%t5§9ﬂtﬁﬁ???Wﬁ%¥oo?§Sﬁﬁgﬁ§Y
accordi ng tort heerdvivent il atsetdendhguse tion i datbdutfismen, ahd
particul ar for .the_purpose of obtaining secondar deri%@tiv Téiched

r h ri O o Q yC 12)01’1-(38.:[ 2 5
in organic SEFERIGH Y of TS EHEE 19%h, Ok ITO0r &GgL Sthe“derived
product s anthomglsecukasht hais, obf@r neckaamel of wsehoxwiar | esboappl.i caspens,
i ncl udi.ng t ri i | e .. i cul S ic,
ISphar Paceubt SET SR nubE T SAEpHEGEEERTY! Cinidl BB e O B on 1 s
al so t he us@adfiigog@lleni um enriched photosynthetic microorgani smaccording

to the invention, as ga:¢QenBiks BRarARgesA1Salof OrcdhgfiarReutiypk Ohre
nutritional product (or agent). 20The igvention also relates to th

conposi t i on§eSGEREFAl 1Y FFEEt T 2 phaR matGTEEAF LRI idThnEre =kin
conposi ti ongar¢aRPri, SiMgrsal & qHratas it .helld @2 m 4 008 gabesksr, Thacl pvent i on
al so &%Iate§ ta. %qlture medi um for a 25 photosynthetic m croorgani sm
characteriz&d i3t Rat it conprises one or nore of the compounds of fornula
(1) defined above. Sudchea teknurénabdrabi i sisf useerddrd i myl emerti ngnivhe
met hod of ?%%w@s@%neﬁagosyﬁﬁﬁéaﬁam ¢HARHIAN SMELha SelanyN Aakor dieng to
the invention. 30" In pdarticular, the invention relates_to a solid_ or

liquid cul t eFEaREgmemorhe Slfitardnt AR ITohe FHRPdUNFSf 21 BP ndiFa tPRT,
preferably 2fhydnman- mestwdsedenolut angidm@si desyal spédii 4 hermaetiraat a

concentratiqn of bhetween 0.5 and 2000 ng/ 1, preferably between 1 and 1000
mg/ 1, 1rore %§E¥£F§Féﬁﬁy Egﬁﬁ@&neff nd 500 ng/ 1, i.e. respectively WO
2010/ 023384PCT/ FR200940e1044ri5 “appraxiamt eliy béhwerded. 2-@anche800 aghl of
sald compound, o gsekBLUM eyl vahents hagl s, RIelerably bet vegAcfedsand

Y, a
400 ng/ 1 of sa onpound on a SE?EHIUH]EQUI alent%%a5|s, nor e pre?erably
bet ween 0. 8 can@eZt@nPLoaE sapgher by means of an ester-type bond;

- the term “polymer” 1is intended to mean any
20 compound formed by the linking of more than 15 monomers
connected to one another by means of an ester-type bond.
According to the invention, said compounds of
formula (I) are preferably used in the form of calcium
salts, zinc salts or magnesium salts, which generally
25 makes it  possible to obtain better solubility in culture
media, and also better assimilation by the photosynthetic
microorganisms.
In one preferred embodiment of the invention, the
photosynthetic microorganism is chosen from the group
30 formed by Cyanophyceae and Chlorophyceae. Thus, the
photosynthetic microorganism is advantageously selected
from Cyanophyceae or Chlorophyceae, preferably chosen
from the group formed by Chlorophyceae of the Chlorella
genus and Cyanophyceae of the Spirulina or Arthrospira

35 genus.



5conpound on a sel eni um equi val ent basi s. For the m croal gae of
marine origin, the conpounds of formula (1) can be diluted in sterile
filtered seawater or in synthetic seawater produced, for exanple, fromthe
"Reef Crystal” medium fromthe conpany Aquarium 10Systens Inc., so as to

forma mni di um A met hod for pr ae
W SHb oﬁéﬁ:{"a eﬁ@ff}ﬁ&oﬁbﬂo‘ﬁi

according to the'inv lon can in particular conprise one or nore o
foll ow ng steps: preparing aldulture nedium preferably a

m ni rum 15medi um containing the chem cal elenents necessary for the growh
of a m croal ga; i ntroducin nto the culture a co ound

ne
of formul a(l), prefTéﬂﬁabJr%‘Qe%W%x§egaﬁ§FhﬂoreseP%ﬁBbﬁ‘tl%\‘ﬁBfX &6 oth% §fgani c
source of selfer wempoRd- o&djfu:&hmi@ t(1e ,pdhefsermhe om *akies )t dr@msal ue of

bet ween 6 and 10; YF%(S%SF. ng m%r?:htyrl%%lil W, 0f &a%%“' ture of said

m croalga in culture %R ture ormed, At at enper at ure of
bet ween 12 and 45CD-wi-hiydgobivt-4l-melrdikilsg 1 28 oft apetive @ 1800 and 500 rpm

and anzat mosphere thab -pBY;, 609t al S 160 A0, 10x ke and from 0.3%to
20% of car bon di oxide, preferably from 24 to 120 hours; centrifuging

the m xture %8t 2héPkeRT460658nFOTOWAGS-pm for a few m nutes, or filtering
the mxture 30 trlmre@@gh doflpdufBisr ongier fddd@erimgd riimsi ngppm@caltllbﬁr

t hrough w tgbppgé%ls %%I %%I sal ine; taking the cell pellet upin
ol ogi 4¢3

physi ol ogi c centrifuging again at between 4000 and
10 000 rpm 35f or Ra sﬁm/yemtnm@st;heV\@nﬂ@b@ﬁ@%ﬁ%ﬁﬂl’d&ﬂ&%ﬁbﬁ@&@ﬁ&héﬁic

o e oR R O PR ) S B LA ST et
obtained accordlng to the metho of the 1nventlon Such a
microorganism generally has an organic selenium content
of greater than 500 ppm, preferably greater than
1000 ppm, more preferably greater than 2000 ppm on a

15 selenium equivalent basis, and an inorganic selenium
content of less than 0.5%, preferably less than 0.2%, and
more preferably less than 0.1% by dry weight of said
microorganism. Preferably, the invention relates to the
case where the photosynthetic microorganism comprises

20 less than 1.5%, preferably less than 0.5%, more
preferably less than 0.1% by mass of inorganic selenium
relative to the total selenium.

In other words, the zresidues of selenium in
inorganic form that are present in the photosynthetic

25 microorganisms enriched according to the method of the
invention generally account for less than 1.5% of the
total selenium present 1in the microorganisms, which
generally represents less than 0.5% of the total dry
biomass (dry weight) of said microorganism.

30 The invention relates most particularly to a photo-
synthetic microorganism enriched in organic selenium,
characterized in that the content, of said microorganism,
of selenium in the form of selenomethionine represents
more than 50%, preferably more than 70%, more preferably

35 more than 80%, and even more preferably more than 20%, by



5Q her characteristics and advantages ofthe invention are given in the
exanpl es which follow The exanples hereinafter are provided only by way of
illustration and cannot in any way limt the scope of the invention.
10EXAMPLES Exanple 1: Production of the Chlorella vulgaris mcroal ga

enriched in |£n| Ly, a nmedi um cont ai ni ng 2- hydr ox
nmet hyl sel enéﬁ@t@ﬂh’?ﬁgb%% d (THD- 177), under aut ot roph%llf:d%/gn iO??/g%OM

15Experimental conditions The stda& n used under phot oaut otrophic

conditions is Chlorella vulgaris SA&R11-11B: an axenic strain originating
fromthe SAG coll ection of the University of Gottingen (SAG Sanm ung von
Al genkul t ur 8RSFe P GG ST YR ¢ af € F%Yﬁg@ﬁ &5 Ité%ttarr}ons%ﬁe Y4 BOFfares of

t hg_ Uni \(/glr Siity ﬁiﬁbgbﬂgeyh):hetic mild sorstarai sm wasSuchl taur pdoparthenBG 11
medi um ue-green. nedi um .descri bed b | ey, RY |4, Bactariol .
Rev. 35:171-205] ,Se%ﬁEO’B% o8t t1'on oﬁelﬂ\%‘?%%?% 25t hecﬁélsﬁg\?\nr%&%pergbﬁter):
(() 12) 3rg|aNoc;6 : ,b.afrégcwerZ‘Hlé@&arﬁt.a@&Ogl(S( Iy BoMEFHR20: 110, 0F8ng ¢4) agatrR. 2H20:

) ric.aci gz 0 | em ght : 6 g (7
EDTA- NS2. 0%‘611 ‘3“%%3%3’50299396%096%991):&%{%‘% :fgg;galgt e?% i rélgf %g) )
Sol ution of AngESE Se) eraftRATad niVAEh WHP0 1 9R§2 FBEAPETFR2D0 B0 19440

art.

In particular, the invention relates to the case
where the microorganism is characterized in that it is a

10 selenium-enriched Chlorophycea microalga, preferably of
the Chlorella genus, and 1in that said wmicroorganism
contains a selenomethionine content of generally greater
than 50 micrograms of selenium equivalent per gram
(pgSe/q), preferably greater than 70 ugSe/g, and more

15 preferably greater than 100 ugSe/g by dry weight of said
microorganism.

The amount of selenium fixed inside the micro-
organisms in the form of organic molecules (seleno-
methionine, selenocysteine, or the 1like) or inorganic

20 molecules (selenium salts) 1is expressed as mass of
selenium per gram (ugSe/g) of dry weight of the micro-
organisms. In other words, the selenium content of the
photosynthetic microorganisms is established by
calculating the mass of selenium present in these organic

25 or inorganic molecules, related back to the total dry
biomass of the microorganism. In addition, the
proportions by mass of selenium present in organic and
inorganic form are also established and expressed as
percentages relative to the mass of total selenium.

30 The content of total selenium and selenium in the
form of selenomethionine, of the photosynthetic micro-
organisms according to the invention, can be determined,
respectively, by mineralization and enzyme digestion
after centrifugation and lyophilization of the micro-

35 organismsg, for example by following the method according



17 H3B03: 2.86 g MiCl2.4H20:1.81 g ZnSO4. 7H20: 0.222 g Na2Mb04.2H2: 0.39 ¢
5CuSMX. 5H20: 0.08 g Co(NX3)2.6H20: 0.05 ¢ The pH was adjusted to 7.1
and the nedi um was autoclaved at 121C for 15 m nutes. This strain was

cul tured at 25C, 2400 +1-200 Lux 10 under photoautotrophic conditions for 2

to 7 days %Qcﬁ)é@'oé?%gfhaki ng (80 rpm, OD ini t660”'ﬁ:”9/'}?%003}6616%ﬁ€60m of

the strain In 48 h. Culture conditions
organi ¢ source of selenium nanely 2-hydBoxy-4- 15met hyl sel enobut anoi ¢ aci d
(THD- 177, Tetrahedron SAS, France, CAS: 873660-49-2) was administered at a

concentration of hetween 0.5 ng/1l and 100 ng/ 1 on a sel enjum equj yal ent
basi s, i.e. o &&HeEEVel8F & -25 Cir%??d??gg N7 4= ot ARG IR L
2- hydr oxy- 4-aeid1y| saloamaliut aneint 3@isd162018lbe conpound cont ai ni ng sel eni um

was added just o time (i..e. an_apmpunt of > 0..125 a per
100 M of culturg‘ﬁeat rteiﬁ(au]btesgi nér:ki)%agl%? th%cgﬁﬁﬁgﬁg, c')‘::O segger argjflégn%ggat
regul ar ti menvererdval, s, whiveh darat iiddustrefted niter Vg s erainpd elsetaleehné and

24 hours, t (r;_\,e%élnttyreaéﬁh?%ég%ﬁﬁeen %gé@t aied forna plefghggogi,nghggiz days.

Exanpl e 2: oducti on orel vulgaris mcroalga enriched in

sel eni um i nTd CHRSOLGRIESAEal nPAGE 2- PRl By AL 1Y méthiey | SEILeRePbYSRG c2a€ d
(THD- 177) (%Wg@%@owﬁ%él@aet he:duanRideO e 1dn i airnreghanFsomt aiEni ng

sodium sel enite 30 (conparatjve e%e@t ugger gigéOh&gphijg ondin%ilgpls
(presence of SLEGRNeLRA OB P€arHoh§d P11 UcoSEPELF P he ™ SR Uny !
In these test® niercgiraain ofedelendust pguiveflent per gram (ngSe/q) .,
R e T  Lob i s e
greater than 500 ugSe/g, even more preferably greater
than 1000 ugSe/g by dry weight, and even greater than
1400 pgSe/g by dry weight of these microalgae.
The invention therefore relates more particularly to
15 a Chlorophycea or a Cyanophycea enriched in organic
selenium, characterized in that its content of organic
selenium in the form of selenomethionine 1is generally
greater than 100 pgsSe/g, preferably greater than
200 pgSe/g, more preferably greater than 500 ugSe/g, and
20 even more preferably greater than 1000 pugSe/g by dry
weight.

Such a Chlorophycea or Cyanophycea enriched in
organic selenium is generally characterized in that its
content of organic selenium in the form of seleno-

25 methionine represents more than 50%, preferably more than
70%, more preferably more than 80%, even more preferably
more than 90%, and even more than 95% of the total
selenium that it contains, and also in that its residual
content of inorganic selenium, generally less than 1.5%,

30 ig preferably less than 0.5%, more preferably less than
0.1% of the total selenium that it contains. In general,
its residual content of inorganic selenium is less than
1%, preferably less than 0.5%, more preferably less than
0.2%, and even wmore preferably less than 0.1% of the

35 total biomass of said Chlorophycea, by dry weight.



Got ti ngen( SAG Sanmi ungvonAl genkul t urender Universitet. Gottingen

[ Col l ection of Alga Cultures of the University of Gottingen]) which was
cul tured under m xotrophic conditions in the follow ng nmedium 5Yeast
extracts 0.33 g Beef extracts 0.33 g Tryptose 0.66 g Fe504 0.66 ny

G ucose 3%3191%/0%?!34 ed water qgs 1.0 1 The P@rﬁ%@ﬁjo‘dﬁbfﬂ to 7.2

and the nedi umwas autocl aved at 121C for 15 m nutes. € ‘organic
source of selenium nanely 2-hydroxy-4- Ifet hyl sel enobut anoic acid (THD 177,
Tetrahedron SAS, 15 France, CAS. 873660-49-2) was adnministered at a

concentration of 20 ng/ 1 on.a sel enium eﬂui val ent ﬁ:g}si s, 1.e. 50 ng/]f of
2- hydr oxy- 4- net hyl ASBULARG c24EPd. TE2EES THER | tyamtOSE &t ©
sour ce( NaSe,fzafi um csadnertiice) am|ms pdatmaséetr edaht aredacent r atoban ekiZ0 ny/ 1

200n a sel eni,um equi.val.ent basi i.e. .43.9 mg/l. odi ym seleni_t e,
The corrpounéjhcooncisgéhr;\c:h%&%scel eﬁlﬁt?%o\/?/arg%él&é% ] H%Fr&%félet%i rreliinn tﬁgiée%ggﬁnenti al
growt h phaseafondieigChtor élhlea netigadi ofsttlae npliesent3 dayentaferr {Thés

i nocul & i On)prcﬁﬁPcrdﬁQﬁ{ a&ah]@s Qfsd Noe SAOPLLShOE RAMMSES' those skAhUEH

i ncubation for 7 days, the necﬁ um was f||t%Lrled through a 0.2 mcron Nal gene
nenbrane (Ref? _aijl%gyrtdi ameter 90 nmm), and the cell retentate was rinsed
Wi th physi ol ogi calnesaphB€osThen¥et cCalilcmsSyMaissnlsy OpbBEbiraedg30f®r tapal ysis
of the const,tuents contai nlﬁgos Ienlgm total sel enlﬂm sel.enonet hi,oni ne

0

and sodi um sel'éiftt®" Afdl & % hB c ottt i thentS Bont AT &t enittim of
Chlorel |l a vdegaricular for theTheptopade sebéni urbiveaisnassayedcbydbclh

coupl egy to JRAetaghian by JB8Read {67 PR | 231L0M0AT NG STRkEnCce
fish, milk or eggs.

The derived products and molecules thus obtained are
of use in various applications, including those
summarized in the preamble, in particular as a cosmetic,

15 pharmaceutical or nutritional agent.

A subject of the invention is also the use of a
selenium-enriched photosynthetic microorganism according
to the invention, as a cosmetic, pharmaceutical (or
therapeutic) or nutritional product (or agent).

20 The invention also relates to the compositions,
generally cosmetic, pharmaceutical or nutritional
compositions, comprising salid photosynthetic micro-
organisms.

The invention also relates to a culture medium for a

25 photosynthetic microorganism, characterized in that it
comprises one or more of the compounds of formula (I)
defined above. Such a culture medium is of use for
implementing the method of enriching photogsynthetic
microorganisms in selenium according to the invention.

30 In particular, the invention relates to a solid or
liguid culture medium comprising at least one compound of
formula (I}, preferably 2-hydroxy-4-methylselenobutanocic
acid or a salt thereof, at a concentration of between 0.5
and 2000 mg/l, preferably between 1 and 1000 mg/l, more

35 preferably between 2 and 500 mg/l, i.e. respectively



WO 2010/ 023384PCT/ FR2009/ 001044 19 The speci ation of the sel eni um was
carried out by high performance |iquid chromatography coupled to tandem
mass detection, after enzynme digestion of the sanple, according to the
met hod described by Lobinsky et a/., in 5Mester, Z. et a/. (2006) Annal.

?Lgag\%'r aggq&g %Pglgmzégg‘h gg?én?ﬁriula;zi val ent basi labﬁ?iﬁwc?w&"’?ﬁ‘?‘ﬁﬁ th e

for 10i ncubation tines of 7 days. Table 1k Anal ysis of the conponents
containing seleniumof the Chlorella vulgaris mcroalga Total Sc ngSel/ kg

bi omass SeMet hi oni ne miSe/ kg bi omass Se(1V) mgSe/ 59 bi omass_Additi on THD177
20 ngSe/1 approximately between 0.2 and’ 800 mg of said compound

on a selenium equivalent basis, preferably between 0.4

and 400 mg/l of said compound on a selenium eguivalent

basis, more preferably between 0.8 and 200 mg/l of said
5 compound on a selenium eguivalent basis.

For the microalgae of marine origin, the compounds
of formula (I) can be diluted in sterile filtered
seawater or in synthetic seawater produced, for example,
from the “Reef Crystal” medium from the company Aquarium

10 Systems Inc., so as to form a minimum culture medium.

A method for preparing microcalgae according to the
invention can in particular comprise one or more of the
following steps:

- preparing a culture medium, preferably a minimum

15 medium, containing the chemical elements necessary for
the growth of a microalga;

- introducing, into the culture medium, a compound
of formula (I}, preferably 2-hydroxy-4-methyl-
selenobutanoic acid, as organic source of selenium;

20 - adjusting the pH of the mixture to a wvalue of
between 6 and 10;

- placing an inoculum of preculture of said
microalga in culture in the mixture thus formed, at a
temperature of between 12 and 45°C, with orbital shaking

25 of between 100 and 500 rpm, and an atmosphere that may
contain from © to 20% of oxygen and from 0.3% to 20% of
carbon dioxide, preferably from 24 to 120 hours;

- centrifuging the mixture at between 4000 and
10 000 rpm for a few minutes, or filtering the mixture

30 through a 0.2 micrometer filter and rinsing the filter
through with physioclogical saline;

- taking the cell pellet up in physiological
saline;

- centrifuging again at between 4000 and i0 000 rpm

35 for a few minutes;



129323 1274109 (98.5% of total Sc) 6+1 (0.4% of total Sc) Addition NaSe 20
ngSe/ 1 1445 292 (20% of total Sc) 4.10.4 (2. 7% of total Sc) 15 The

results obtained showed, for the sane dose of sel enium added in the form of
THD177 or of NaSe, in this case 20 ngSe/1, that: nine tinmes nore total Se

was det ect E%szfb‘?m%%‘ﬂdi tionis carried out in the ﬁ@i@éﬁ“&%@i@%t han if

the addition s carrred out in the formof NaSe; the I um
accurrul ated intracellularly in the formlgf sel enonet hi oni ne, obtained by
means

- recovering the moist cell pellet which contains
the selenium-enriched microalgae.

The moist cell pellet may be lyophilized or air-
dried.

5 Other characteristics and advantages of the
invention are given in the examples which follow. The
examples hereinafter are provided only by way of
illustration and cannct in any way limit the scope of the
invention.

10 EXAMPLES

Example 1: Production of the Chlorella vulgaris microalga

enriched in selenium in a medium containing 2-hydroxy-4-

methylselenobutancic acid (THD-177), under autotrophic

conditions

15 Experimental conditions

The strain used under photoautotrophic conditions is
Chlorella vulgaris SAG211-11B: an axenic strain
originating from the SAG collection of the University of
Goéttingen (SAG: Sammiung von Algenkulturen der
20 Universitat Géttingen [Collection of Alga Cultures of the
University of Géttingen]).
This strain was cultured in the BG-11 medium (blue-
green medium) described by [Stanley RY et al. 1971
Bacteriol. Rev. 35:171-205], the composition of which is
25 the following (per liter):
(1) NaNO;: 1.5 g
(2) K;HPO,: 0.04 g
{(3) MgS0,;.7H.0: 0.075 g
(4) CaCl,.2H;0: 0.036 g
30 (5} Citric acid: 0.006 g
(6) Ferric ammonium citrate: 0.006 g
(7) EDTA-Na,: 0.001 g
(8) NapCO;: 0.02 g
(9) Distilled water 1.0 1
35 {10) Solution of trace elements: 1 ml/1



250f an addition of THD177, is 44 tinmes higher than that obtained by neans
of an addition in the form W) 2010/ 023384PCT/ FR2009/ 001044 20 of NaSe; -
the | evel of seleniumaccunulated intracellularly in the form of

sel enonet hi oni ne reaches virtually 100% (98.5% of the intracellul ar
conpound for Lning seleniumif the additiongj | in the
fOFﬁ]Of THD1 ,Zggﬁggég% with a level of 20% w th hbsg¢§éﬁ@é¢%@@n%g£only
0.4%of Se(lV) in the total seleniumwasl710 detected if the addition is
THD177, whereas 2. 7% of Se(lV) were detected in the total seleniumin the
case of the addition of NaSe. Exanple 3: Production of the Arthrospira

pl at ensi s m croal ga enriché&BFH:s%réﬁiﬁn1in a nedium containing 15

2- hydr oxy- 4- met hyl sel enobutrarmi.c4Bgd ol (81 -¢ D-177) (exanpl e according to the
invention) or in a nmedium i Di.ng. sodi el enite (conparative exanple)
under autotrophic conditi of@? 4I'2h%}:ﬂ'esé;'d#egsnt§, the strain used is a strain
of 20 Arthrospira platensi¥:3084-2000D,. 3®egosi t ed on August 4, 2009, with
the Cold ection National e de (it bEgs. dg M cfoorgani smes (CNCM [ Nati onal

M croorgani sm Cul ture Cbllection? at the Institut Pasteur, 25 rue du

Doct eur Roux 75724 Paris G032 - AHder No?5 GNCM 1-4218. 25The 3054- E0001
strain was cul t urgtk upgder wagt ohBgpRiteacondi t 70Ns dmyt hend oldeWiig R um
Yeast extracts oc:OI 33 aBEeef ex r(g:}jg 510S 33 Tryptose 0.66 g 30FeSO4 0. 66

mg aut ave 121 minutes:
This strain was cultured at 25°C, 2400 +/-200 Lux
10 under photoautotrophic conditions for 2 to 7 days with

orbital Shaking (80 rpm} ; ODinitegoan=0.05. The ODGG(}nm cf the
strain reaches 0.5 in 48 h.

Culture conditions

The organic source of gelenium, namely 2-hydroxy-4-
15 methylselencbutanoic acid (THD-177, Tetrahedron - SAS,
France, CAS: 873660-49-2) was administered at a
concentration of between 0.5 mg/l and 100 mg/l on a
selenium equivalent basis, 1i.e., respectively, 1.25 mg/l
and 250 mg/l of 2-hydroxy-4-methylselenobutanoic acid.
20 The compound containing selenium was added just one time
(i.e. an amount of between 0.125 mg and 25 mg per 100 ml
of culture) at the beginning of the culture, or several
times at regular time intervals, the duration of the
intervals being between 6 and 24 hours, the culture

25 having been maintained for a periocd of 2 to 7 days.

Example 2: Production of the Chlorella vulgaris microalga

enriched in selenium in a medium containing 2-hydroxy-4-

methylselenobutanoic acid (THD-177) (example according to

the invention) or in a medium containing sodium selenite

30 (comparative example) under  mixotrophic conditions

{(presence of light and of carbohydrate - gluccse - in the

medium) :
In these tests, the strain used 1is a strain of
Chlorella vulgaris SAG211-11B: an axenic strain

35 originating from the SAG collection of the University of



Distilled water gs 1.0 1 The pH was adjusted to 7.2 and the nedi um
was autocl aved at 121C for 15 m nutes. The organi c source of
sel enium nanely 2-hydroxy-4- 35nethyl sel enobutanoic acid (THD- 177,
Tetrahedron SAS, WO 2010/ 023384PCT/ FR2009/ 001044 21

France,CAS:&ﬁéﬁﬁﬁUﬁg Zas adnministered at a concent rgd¢rRkRboADIHE 1 Oon a
val ent Ba5|s

sel eni um equi , 1.e. 62.5 ng/1 of
2- hydr oxy- 4- net hyl sel enobut anoi ¢ aci d. 18The inorganic sel eni um
source(NaSesodium 5 selenite) was adm nistered at a concentration of 25

ng/ 1 on a sel.eni.um equi v t basis,.i.e. 54.4 ng/l of .sodiumselenite.
The conpoungoggﬁPgﬁﬁing @%ﬁghiungagglgaged S ???ﬁﬁf%%ﬁﬁnaft F t he
i nocul at i on Unmiitterishé aAr Girtdsipigean 10 latesrisicn siff dhlgd i Celtdres0pE the
Pr epar at i on Qf; : I f QF @ﬂ35 : . ter i i on 10
days, the ce.lvggﬁﬁgl mé§§fL$%%re _%%fgugﬁhécs.2%%$§r6%9 gé%e ﬁé@%%ane,
and the cel PiFateprhie fesditisong wint Rhghfsildygnganmeskiume. The 15wet cel |

mass was | yophi | ivzedtf @k tanakysis_of the .33 g
constituent scontai ni_ngsel eni un(t ot al sel eni u Sel enonet hi oni ne and sodi um
selenite). Analy?@?fongﬁ@C5§nstituents-cBngéiﬁing sel enium of Arthrospira
pl atensis 20TheTwrgbabseel eni um was. assayedeslay gl CP coupl ed to detection by
mass, after nine%%g'zation of the sanple.gT%% %ﬁgciation of the sel eni um

"chr o

was carried out by hfgh peifornance [iqui t ography coupled to tandem

mass detection, &flugprsenzyne. di gesti on. of 3tBegsanpl e, 25 according to the
met hog gdescri bedphyckobipsiuret- al ., in Magtery 4. et a/. (2006) Annal.
Bi oanal . Chem 385: 168- 180.
The pH was adjusted to 7.2 and the medium was
autoclaved at 121°C for 15 minutes.
The organic source of selenium, namely 2-hydroxy-4-
methylselenobutanoic acid {THD-177, Tetrahedron SAS,
15 France, Cas: 873660-49-2) was administered at a
concentration of 20 mg/l on a selenium equivalent basis,
i.e. 50 mg/l of 2-hydroxy-4-methylselenobutanoic acid.
The inorganic selenium source (NaSe, sodium
selenite) was administered at a concentration of 20 mg/l
20 on a selenium eqguivalent basis, i.e. 43.9 mg/l of sodium
selenite.
The compound containing selenium was added just one
time in the exponential growth phase of the Chlorella
vulgaris strain (i.e. 3 days after the inoculation) .
25 Preparation of the samples for analyses:

After incubation for 7 days, the medium was filtered
through a 0.2 micron Nalgene membrane {Ref a-PES,
diameter 920 mm), and the cell retentate was rinsed with
physiological saline. The wet cell mass was lyophilized

30 for analysis of the constituents containing selenium
(total selenium, selenomethionine and sodium selenite).

Analysis o©of the constituents containing selenium of

Chlorella vulgaris

The total selenium was assayed by ICP coupled to

35 detection by mass, after mineralization of the sample.



Resul ts

30sel eni um equi val ent basi s,

10 days.

Tabl e 2 bel ow i ndi cates the average val ues, on a
obtained in triplicate for incubation tines of
WO 2010/ 023384PCT/ FR2009/ 001044 22 Table 2 Analysis of the

conponents contai ning seleniumof the Arthrospira platensis m croal ga

Tot al

oi omass. AGGTT PO MBTIY 25 msel 1 143168 140947 (S6os FSEapTREFIAS

106

15

20

25

18

The speciation of the selenium was carried out by high
performance liquid chromatography coupled to tandem mass

detection, after enzyme digestion of the sample,

according to the method described by Lobinsky et al., in

Mester, Z. et al. (2006) Annal. Bicanal. Chem. 385: 168-
180.
Results

Table 1 below indicates the average values, on a

selenium equivalent basis, obtained in triplicate for

incubation times of 7 days.
Table 1

Analysis of the components containing selenium of the

Chlorella vulgaris microalga

Total Se SeMethionine Se (IV)
mgSe/kg biomass mgSe/kg mgSe/kg biomass
biomass
Addition 1293%23 1274+109 exl
THD177 (98.5% of (0.4% of total
20 mgSe/1 total Se) Se)
Addition 144+5 29+2 4.1%0.4
NaSe (20% of (2.7% of total
20 mgSe/1 total Se) Se)

The results obtained showed, for the same dose of

gelenium added in the form of THD177 or of NaSe, in this
case 20 mgSe/1l, that:
- nine times more total Se was detected if the

addition is carried out in the form of THD177 than
if the addition
NaSe;

- the level of sgelenium accumulated intracellularly

ig carried out 1in the form of

in the form of selenomethionine, obtained by means
of an addition of THD177,

that obtained by means of an addition in the form

is 44 times higher than



17.20.7 (1.2%of total Se) Addition NaSe 25 ngSe/1 1772 13+3 (7% of total

Se) 5.10.3 (2.9% of total Se) 5 The results obtai ned showed, for the
sanme dose of selenium added in the formof THD177 or of NaSe added, in this
case 25 ngSe/1, that: eight tinmes nore total Se was detected for an

10addi tion r4 in the formof THD177 than for hi) rried
out in the &g@%oﬁﬁ;’ﬁ%@é the | evel of selenium accurrrh a@gp%orﬁggﬁfl ularly
in the form of sel enonethioni ne, obtainé® by means of an addition of

THD177, is 108 tines higher than 15 that obtained by neans of an addition
in the formof NaSe;. the level of seleniumaccunulated intracellularly in

the form of sel enofftt NRGRine reaches 98% of the intracellul ar conpound
fornms contai ni ng-sehenileneD of tchd caddin i arncumsuLatred ednoubcehltitherfigr m of

TI-1D177, conpar edi\II'lVi tt@lea %oel\”/rﬁl o?f sé%evx\{otm%t'}llai%%inaendréab&tlés virtually
100% (98.5%) of the intracellular compound forms
5 containing selenium if the addition is carried out
in the form of THD177, compared with a level of
20% with NaSe;

and that:
- only 0.4% of Se(IV) in the total selenium was
10 detected if the addition is THD177, whereas 2.7%

of 8e(IV) were detected in the total selenium in
the case of the addition of NaSe.

Example 3: Production of the Arthrospira platensis

microalga enriched in gelenium in a medium containing

15 2-hydroxy-4-methylselenobutanoic acid (THD-177) (example

according to the invention) cor in a medium containing

sodium selenite (comparative example) under autotrophic

conditions:

In these tests, the strain usged is a strain of
20 Arthrospira platensis 3054-E0001, deposited on August 4,
2009, with the Collection Nationale de Cultures de
Microorganismes (CNCM) [National Microorganism Culture
Collecition] at the Institut Pasteur, 25 rue du Docteur

Roux 75724 Paris Cedex 15, under No. CNCM I-4218.

25 The 3054-E0001 strain was cultured under autotrophic
conditions in the following medium:
Yeast extracts .......... 0.33 g
Beef extracts ........... 0.33 g
Tryptose .......... . ... 0.6 g
30 o P 0.66 mg
Distilled water ......... ge 1.0 1

The pH was adjusted to 7.2 and the medium was
autoclaved at 121°C for 15 minutes.
The organic source of selenium, namely 2-hydroxy-4-
35 methylselenobutanocic acid (THD-177, Tetrahedron SAS,



only 1.2%of Se(lV) in the total seleniumwas detected if the addition is
THD177, whereas 2.9% 250f Se(lV) were detected in the total seleniumin the
case of the addition of NaSe. WD 2010/ 023384PCT/ FR2009/ 001044 23 Exanpl e
4: Production of the Arthrospira platensis mcro-alga enriched in sel enium

in a nedi umwgni lonj2Rgg£- hydr oxy- 4- net hyl sel enobut anopETaAGH 0o HTR044 7)

(exanple according to the invention) b5In these tests, the strain used is
a strain of Arthrospira platensis 3054- E3J001. A conparison is nade between
the results of the previous exanple, exanple 3, during whi ch the addition,

according tq the invention, _,40_conpound cont ai.ni I'eni um THD- 177
was carri ed%&?t ﬁeljst gh‘g'ti rrg];f'ég? é%t %f t K& nod %I?Jo%t%%ﬁ t e

Art hr ospi r a qiratesrtsiag istr ab, 2amdg/ & pew aexpere et equmfmal:danth@aasd@l tion,
according tq the 5,_5% ym THD- 177
was carri edcioﬁa[1 |ér‘12n;éﬁg&glﬁponentl ?ﬁ;s) rﬂ% :St?rlerg sal ?rt rospl ra

pl atensis strain,Thes | Anexamplie 2. SRé@@IIfJ@ Source THBBe .3 belsium

i ndi catses t hejavsrage wad U§§m1ﬁ£‘s@e39§ebﬁmayr@&%ﬂ@%a@ﬁor@aéf5250%6}'1“9(1 in
triplicate for incubation tinmes of 10 day

VO
2010/ 023384%/%&%%%@10%%23#%%bésAﬁal ysi%s 0t thd"ohpohercgivm
cont ai ni ng s@leiw.of the

The compound containing selenium was added just one
time, just after the inoculation with the Arthrospira
10 platensis strain (i.e. T = 0).

Preparation of the samples for analyses:

After incubation for 10 days, the cell pellet was
filtered through a 0.2 micron Nalgene membrane, and the
cell retentate was rinsed with physiological saline. The

is wet cell mass was lyophilized for analysis of the
constituents containing selenium {total selenium,
selenomethionine and sodium selenite).

hnalysis of the constituents containing selenium of

Arthrospira platensis

20 The total selenium was assayed by ICP coupled to
detection by mass, after mineralization of the gample.
The speciation of the selenium was carried out by high

performance ligquid chromatography coupled to tandem mass

detection, after enzyme digestion of the sample,
25 according to the method described by Lobinsky et al., in

Mester, Z. et al. (2006} Annal. Bioanal. Chem. 385: 168-

180.

Results

Table 2 below indicates the average values, on a
30 selenium equivalent basis, obtained in triplicate for

incubation times of 10 days.



Arthrospira platensis mcroal ga Analysis of Total Se SeMethi onine THDL77
Se(1V) the ngSe/ kg ngSe/ kg ngSe/ kg ngSe/ kg conponents contai ni ng sel eni um
of the bionmass bionmass bi omass bi onass Arthrospira platensis mcroal ga

WO 2010/023384 PCT/FR2009/001044
22

Table 2
Analysis of the components containing selenium of the

Arthrospira platensis microalga

Total Se SeMethionine Se (IV)
mgSe/kg biomass mgSe /kg mgSe/kg biomass

biomass

Addition 1431168 1402+47 17.2x0.7
THD177 (98% of (1.2% of total

25 mgSe/l total Se) Se)

Addition 177%2 1343 5.1#0.3
NaSe (7% of total {2.9% of total

25 mgSe/1 Se) Se)

The results obtained showed, for the same dose of
selenium added in the form of THD177 or of NaSe added, in
this case 25 mgSe/l, that:

- eight times more total Se was detected for an

10 addition carried out in the form of THD177 than
for an addition carried out in the form cf NaSe;

- the level cof selenium accumulated intracellularly
in the form of selenomethionine, obtained by means
of an addition of THD177, is 108 times higher than

is5 that obtained by means of an addition in the form
of NaSe;

- the level cof selenium accumulated intracellularly
in the form of selenomethionine reaches 98% of the
intracellular compound forms containing selenium

20 if the addition is carried out in the form of
THD177, compared with a level of 7% with NaSe; and
that:

- only 1.2% of gSe(IV} in the total selenium was
detected if the addition is THD177, whereas 2.9%

25 of Se(IV) were detected in the total selenium in

the case of the addition of NaSe.



Addition at 143168 140247 5+1 17.20.7 inoculation (98% of total (0.35% of
(1.2% of THD177 Be) total Be) total Be) 25 ngSe/l

WO 2010/023384 PCT/FR2009/001044
23

Example 4: Production of the Arthrospira platensis micro-

alga enriched in selenium 1in a medium c¢ontaining

2-hydroxy-4-methylselenobutanoic acid (THD-177) (example

according to the invention)

5 In these tests, the strain used is a strain of
Arthrospira platensis 3054-E0001. A comparison is made
between the results

- of the previous example, example 3, during which
the addition, according to the invention, of the
10 compound containing selenium THD-177 was carried
out just one time just after the inoculation with
the Arthrospira platensis strain, and
- a new experiment in which the addition, according
to the invention, of the compound containing
15 selenium THD-177 was carried out in the
exponential phase of culture of said Arthrospira
platensis strain, as in example 2.
Results
Table 3 below indicates the average wvalues, on a
20 selenium equivalent basis, obtained in triplicate for

incubation times of 10 days.



Addi tion 127416 107889 112 142 exponential (85%of total (0.86%of (1.1%
of phase THD177 Be) total Be) total Be) 25 ngSe/l

WO 2010/023384 PCT/FR2009/001044
24

Table 3
Analysis of the components containing selenium of the

Arthrospira platensis microalga

Analysis of Total Se | SeMethionine THD177 Se (IV)
the mgSe/kg mgse/kg mgSe/kg mgSe/kg
component s bilomass biomass biomass biomass
containing
selenium of
the
Arthrospira
platensis
microalga
Addition at 1431468 1402+47 5+1 17.2+0.7
inoculation {98% of total (0.35% of {1.2% of
THD177 Se) total Se) total Se)
25 mgSe/1
Addition 1274x16 1078189 11+2 1442
exponential {85% of total | (0.86% of {(1.1% of
phase THD177 Se) total Se) total Se)
25 mgSe/1
5
The results showed that 12% more total sgelenium and
30% more selenium in the form of selenomethionine were
obtained in the ™addition at TO0” test compared with the
“taddition in the exponential phase” test. This difference
10 could be the result of the longer contact time between

the biomass and the THD177 in the “addition at TO0” test
than in the other, “addition in the exponential phase”,
test.

In both cases, the intracellular Se(IV) level

15 remains low at 1% of total selenium.



5 The results showed that 12% nore total sel enium and 30% nore
seleniumin the form of sel enonethionine were obtained in the "addition at
TO' test conpared with the "addition in the exponential phase" test. This
difference 10 could be the result of the |longer contact tine between the
bi omass and jn the "addition at TO' test t | r,
"addition i%b?ﬁ%ﬁgg%é%%%tial phase", test. :ﬂéf?ﬁe%ﬁgﬁoggggs, t he
intracellular Se(lV) level 15renmins |ow5at 11 of total selenium WO

2010/ 023384PCT/ FR2009/ 001044 25 CLAI M5 1. Method for enriching a
phot osynt hetic m croorgani smin organi ¢ _selenium characterized in that
sai d 5phot osynt hetic nicroorganisn1i59&@EE§red in a nmediumconprising a
conmpound of sel enohydroxy acid type. 2. Method according to claim

1, characterized i.n tE@ !tge onpound. of . sel enohydr.ox i%'t pe.i s of

general formula (FT a e%’ |ne§Oﬁer%?ﬁé$?%$? i §%f6f¥%r%%§ ﬁFyamggFP or an

ester or anmcageagersinygin verginsai dedempound.charagger(ilzed im whihah: sapid

represents %hokdyyﬂ%hetic microorganism is cultured in a medium
comprising a compound of selenchydroxy acid type.

2. Method according to claim 1, characterized in

that the compound of selenohydroxy acid type is of

general formula (I) as defined hereinafter, or a
10 precursor, a salt or an ester or amide derivative of said

compound:

Oon O

il

/,Se R,
R (D

in which:

n represents 0, 1 or 2;

15 R; i3 an OH, OCORs;, OPQO3H,, OPO;R,Rs or ORs group;
R; 1is an OH, Rs, NHR,, S-cysteinyl or S-glutathionyl
group;
it being understood that, when n = 1 and R, is OH, then R,
cannct ke OH;

20 R; is an alkoxyl, S-cysteinyl or S-glutathionyl group, or

a group chosen from the following:



15RI is an OH, OCOR3, OPO3H2, OPGBR4R5 or OR6 group; R2 is an OH R3, NHR?,
S-cysteinyl or S-glutathionyl group; it being understood that, when n = 1
and R2 is OH, then Rl cannot be OH, 20R3 is an al koxyl, S-cysteinyl or

S- gl ut at hi onyl group, or a group chosen fromthe follomnng 26

OR4 is a ( oxyl group, or a group chosen mnng
VO 2010/ 023%&%%%/ 001044 27 ON2NI tOR CH 13 &Eﬁm 9

is a (Cl-C26) al koxyl group or a group &ffosen fromthe foll ow ng:

W, ue, o
CH
\/chH'l,l'l \ Q\JWCH;"LZ N o\/w\' /1/ 3 ’
~ CHylya
CH
OR ! CH
H

ORy is a (C1-Cy6) alkoxyl group, or a group chosen

from the following:



WD 2010/ 023384PCT/ FR2009/ 001044 28 NH, NH. OH CH1140\/j\rt,}"d1l2 CH "Oral
OHOHcri ON OHOOOH /1.4 -.COONL 7 OR6 is a pyruvate, |actate,
citrate, fumarate, maleate, nyristate, palmtate, stearate, pal mtoleate,
ol eate or linoleate group, a natural fatty acids group or 5a

13-cis-reti r : R7 is an H or (Cil-C20
natural am ﬁgga@lg/@\gg%‘i nat ural am ne. 3. Met h%glréﬁ%g@mnf‘% claim
2, characterized in that said conmpound &f?7 formula (1) is chosen from 10-

L- 2- hydr oxy- 4- net hyl sel enobut anoi ¢ aci d,

D- 2- hydr oxy- 4- net hyl sel enobut anoi ¢ aci d,
HH,

HH, uH,  OH
o
cn;L;‘q ° o LCH 112 ° /,<:MJ
CR t ~ ' cH, ) *
+ en 13
OH »
OH O
OH

yig

ORs i3 a (C1-Cz¢) alkoxyl group or a group chosen from
the following:



DL- 2- hydr oxy- 4- et hyl sel enobut anoic acid, or a salt of these conpounds.

4. Method according to claim3, characterized in 15that said conpounds of
formula (1) are in the formof calciumsalts, zinc salts or nmagnesi um
salts. 5. Method according to any one of clains 1 to 4,

characteriz e photosynthetic m croorgani '

2010/ 023384 /@&?@@3?5‘81044 29 " chosen fromthe groﬁ%&@r‘?@@'{%}’w““
Cyanophyceae and Chl orophyceae, preferalBldy chosen fromthe group formed by

Chl or ophyceae of the Chlorella genus and Cyanophyceae of the Spirulina or
Arthrospira genus. 56. Photosynthetic m croorgani smenriched in organic

sel enium that ca‘mbe obt ai ned accarding to the metho oﬁfanx one of the
precedi ng clai R L"“‘? Phop . Cr Qor Qr1ched in

organi c selenlun1 a ordlng to claimpb safBC@hotosynt etic

mi croorgani smbei ng characterized in that the content, of sald

m croorgani sm of seleniumin the formof sel onathlonine represents nore
t han 50% preferably nore bhﬂhV7ﬁ@6 nmore pref uanganmathan 80% and even
nore preferably nmore than 90% by mass of selenium relative 15to0 the total
sel eni um present in sai d\photosynthetic nicroorgani sm
Phot osynt heti ¢ m croor da ‘ & i
ei t her one of cl aing

m croor gani sm
preferably |es l.l@bby mass of 1 norganic seleniumrel atiove t® the
total sel eni um 9. Phot osynthetic m croorgani smenriched in organic
sel enium accordiing to one of claims 6 to 8 or thag®tan 25 be obtai ned
according to ¢ d of one of clains 1 to 6, char ized in that the
m croor gani sm i | in that sai&m rgami smcontains a
sel enonet hi oni"neYcortt é g han 100 gSe/g R .y weight of said

m croorgani sm 3010. Phot osynt hettcm croorgani smenri chedi n organic

sel enium according to @ny one of clainms,6 to;9, characterized in that said
m Cr oor gani sm Conpkds af erably Less than 0.2% nore
preferably |l ess than fganic selenigmrel ative to 35the
total dry wei ght Ofe

OR; 1is a pyruvate, lactate, citrate, fumarate,
maleate, wmyristate, palmitate, stearate, palmitoleate,
oleate or linoleate group, a natural fatty acids group or

5 a l3-cis~retinoate group;

R; is an H or (Ci1-Cs) alkyl group, a natural amino
acid or a natural amine.

3. Method according to claim 2, characterized in
that said compound of formula (I) is chosen from:

10 - L-2-hydroxy-4-methylselenobutanoic acid,

- D-2-hydroxy-4-methylselenobutanoic acid,

- DL-2-hydroxy-4-methylselenobutanoic acid,
or a salt of these compounds.

4. Method according to c¢laim 3, characterized in

15 that said compounds of formula (I) are in the form of
calcium salts, zinc salts or magnesium salts.

5. Method according to any one of claims 1 to 4,

characterized in that the photosynthetic microorganism is



WO 2010/ 023384PCT/ FR2009/ 001044 30 11. Chl orophycea enriched in
organi ¢ selenium characterized in that its content of organic seleniumin
the form of sel enomet hionine represents nore than 50% preferably nore than
70% nore preferably nore than 80% 5 and even nore preferably nore than

90% of thewgfdm@?sgf seleniumthat it contains. l;gyﬁ.‘fﬁﬂfoﬁéqmpﬁé

Chl or ophycea enfic I'h organi c sel enium characteri
content of organic seleniumin the form26f sel enonethionine is greater than
100 pgSe/ g, 10 preferably greater than 200 pgSe/ g, nore preferably greater
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nore pref eré%} ycg‘%éjgg" i ‘?Lﬁ%%en&g‘ oI5 Iagt ig}%n{%o El”ﬁ‘i E%%B[Ppﬁﬁf—‘sﬁ?urﬂ hat
it contains.the Spirul4naClirorfoptiveeiem igdnwed in organi c sel enium 20
accordizng to any Lone Bf i - . cteri i n.that i .esi dual
cont entSnof i nor gdc(rjl'i c #s?lébltgnsi%}um beycloénggsg_%sct)a |rg]h§ér§.%1t%§?%i§£dt Egno . 01%
preferably |S€d€Rvgh GiE% Gt PprePer bty peserdhag 0o ihebjekhes of

i norgani ¢ sekfNidHy Jreltad dc@dify tatamdpi omass of said 25Chl or ophycea,
by dry weight. 15. anophycea, enri ched, in organjc_sel enium |
characterized i n t'hatf BAY YOG DM ReH BEE R n ikt Fhed hdtt oFmesrc

sel enonet hi erileninepr esentcrdinie than &E0%mpr ef er shlig nphetbbentHRY%icnor e

preferably re t 0 . ferapl e than 90% of_ the
t ot al 1%35 (‘iﬁl C%e Ore}%?i &%%ﬂﬁ%%ﬁbdc%%%%ﬁ?é& £ 1@?gt@ng%%pﬁﬁgggngm i°thed i n
organi ¢ sel egilgm meheeorsanised of teateniwmcdmt erite offogmgand ¢ sslesoi-um i n

the form of ,sehgnenelhiQRiNedri Jreaterchdans 00 %%éaraﬁyrﬁ&%a%é
greater than 200 gSe/ g, nore preferably W) 2010/023384PCT/ FR2009/ 0 ?044 31

greater thad%500 J¥3& g PEREERNY ot $r etedabl §0%r eafBE t AHANLOO0QTGSe/ g
by dry wei ghtreferably Iordyanaphywes i &R8E IJE OfgPdhCuRe! eBnWMive

accorq%ng t%oelEggr gggaff §éfé§§uéfiﬁgéséﬁ% in said photosynthetic
microorganism.

8. Photosynthetic microorganism enriched in organic

selenium, according to either one of claims 6 and 7,

characterized in that the photosynthetic wmicroorganism

20 comprises less than 1.5%, preferably less than 0.5%, more
preferably less than 0.1% by mass of inorganic selenium
relative to the total selenium.

9. Photosynthetic microorganism enriched in organic
selenium, according to one of claims 6 to 8 or that can

25 be obtained according to the method of one of claims 1 to
6, characterized in that the microorganism is a
Chiorophycea, and in that said microorganism contains a
selenomethionine content of greater than 100 pgSe/g by
dry weight of said microorganism.

30 10. Photosynthetic microorganism enriched in
organic gelenium, according to any one of claims 6 to 9,
characterized in that said microorganism comprises less
than 0.5%, preferably 1less than 0.2%, more preferably
less than 0.1% by mass of inorganic selenium relative to

35 the total dry weight of said microorganism.



5 characterized in that its residual content of inorganic seleniumis |ess
than 2% preferably less than 1.5% nore preferably | ess than 1% by nass,
relative to the total seleniumthat it contains. 18. Cyanophycea
enriched in organic selenium 10 according to any one of clainms 15 to 17,
resi dual content of inorganjc_sel eni um becones

r riz S
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less than 0.1% by mass of inorganic selewum relative to the total bionmass
of said 15Cyanophycea, by dry weight. 19. Cyanophycea according to
any one of clains 15 tg 18, characterized in that it belongs to the
Spirulina or Arthlfjosplcfhalcij@ﬁwcea enriched Use opraaphet ogﬁiteh@tum
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to 19, as a .cosnetic, ceutic or. nutritiona
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cosnetic, pharrrac
phot osynt hetdfc Eiﬁ]ﬁrtiomga?masﬁmltcwmms zed in that it conprises one or

mor e 30conpounds 1of squgryygbq{y@@é achfd. -t ¥pesof lfnornyi.gaﬁi%, %%l%g_fiilﬂned in

any one of clainms 2 to 4.
y characterized in that its content of organic selenium in

the form of selenomethionine is greater than 100 ugsSe/q,
10 preferably greater than 200 upgSe/g, more preferably
greater than 500 ugSe/g, and even more preferably greater
than 1000 ugSe/g by dry weight.
13. Chlorophycea enriched in organic selenium,
according to either one of «claims 11 and 12,
15 characterized in that its residual content of inorganic
selenium is less than 2%, preferably less than 1.5%, more
preferably less than 1% by mass, relative to the total
selenium that it contains.
14. Chlorophycea enriched in orxganic selenium,
20 according to any one of claims 11 to 13, characterized in
that its residual content of inorganic selenium becomes
established at less than 0.5%, preferably less than 0.2%,
more preferably less than 0.1% by mass of inorganic
selenium, relative to the total biomass of said
25 Chlorophycea, by dry weight.
15. Cyanophycea enriched in organic selenium,
characterized in that its content of organic selenium in
the form of selenomethionine represents more than 50%
preferably more than 70%, more preferably more than 80%,
30 and even more preferably more than 90% of the total mass
of selenium that it contains.
16. <Cyanophycea enriched in organic selenium,
characterized in that its content of organic selenium in
the form of selenomethionine is greater than 100 ugSe/q,

35 preferably greater than 200 ugSe/g, more preferably
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greater than 500 ugSe/g, and even more preferably greater
than 1000 ugSe/g by dry weight.

17. Cyanophycea enriched 1in organic selenium,
according to either one of claims 15 and 16,
characterized in that its residual content of inorganic
selenium ig less than 2%, preferably less than 1.5%, more
preferably less than 1% by mass, relative to the total
selenium that it contains.

18. Cyanophycea enriched 1n organic selenium,
according to any one of claims 15 to 17, characterized in
that its residual content of inorganic selenium becomes
established at less than 0.5%, preferably less than 0.2%,
more preferably less than 0.1% by mass of inorganic
selenium, relative to the total biomass of said
Cyanophycea, by dry weight.

19. Cyanophycea according to any one of claims 15
to 18, characterized in that it belongs to the Spirulina
or Arthrospira genus.

20. Use of a photosynthetic microorganism enriched
in organic selenium according to one of claims 6 to 19,
as a cosmetic, pharmaceutical or nutritional agent.

21. Composition comprising at least one photo-
synthetic microorganism enriched in organic selenium
according to one of claims 6 to 19.

22. Composition according to claim 21,
characterized in that said composition 1s cosmetic,
pharmaceutical or nutritional.

23. Culture medium for a photosynthetic wmicro-
organism, characterized in that it comprises one or more
compounds of selenohydroxy acid type of formula (I), as

defined in any one of claims 2 to 4.



