WO 2010/023291PCT/EP2009/061165 NON-PHOTOSYNTHETIC MICRO-ORGANISMS ENRICHED
WITH Og@%%@ﬁﬁ%iM FROM SELENO-HYDROXYACID CO%@% .%Q%QE%ICATIONS
THEREOF | OF NUTRITION, COSMETICS AND PH ' ICA he invention
relates to the enrichment of non- photosynthetic micro-organisms with organic selenium, especially

thanks to compounds of the seleno-hydroxyacld type, and more particularly with
2-hydroxy-4-methylseleno-butanolc acid, in the (D, L) form, or in the form of an enantlomer, 10 salt,

ester or al-niXOYeRARYROMNSEREEA pYd AERCTREGANEDER FNRIEFSIBRyIhtdHs RER¥Afched in the
fields of anigy. Bfy UMM AP IEaR. RS IBHER X PREEHEeMIGUDs ReEHwPris Siessegtial

micro-nutrient for humans and especially mammals (Wendel, A.; Phosphorus, Sulfur Silicon Relat 15
Elem.; 1992; 67, 1TAEARSEQR1 W | FHErELEFDP pQFi APRES TR Ohb fSrRPYET IS cystelne or
L(+)-selenomethlonine (Mutter, S. et al.; AsgRrMigrebiet d9D9d; 168; 421) in the biosynthesis of
selenoprotelns such as Glutathlone peroxydase, ThloredoxIn reductase and Selenoproteln P. 20In
humans, selenium deficiencies have been reported, especially in the case of patients subject to
feeding by parenteral route over long periods (Von Stockhausen, H.B.; Biol. Trace Elem. Res.; 1988;
15;147-155). Alally supplement.af 200 pg.ofselenium is considered asisale and adequats;for 25an
adult male of average weight (Schrauzer, G.N., J. Am. Col. Nutr.; 2001; 20; 1- 14).  Selenium is
found in RAVFS VNG OFMS: orgBrie ENTIRERIERTES  WhdRyanic CERTIbLNds afehfst UBually salts
such as sodium 30selenite o1 iselenate. Jhiesecempounds are yeprtoxic.for bumans and mast
animals. Organiccompounds(organo-seleniumcompounds)are represented in living organisms
espedaﬂ?% thRMSRindasddcularly with 2-hydroxy-4-methylseleno-butanoic

acid, in the (D, L) form, or in the form of an enantiomer,

10 salt, ester or amide derivative of said compound, and to the
use of micro-organisms thus enriched in the fields of animal
or human nutrition, cosmetics or pharmaceuticals.

Selenium 1s an essential micro-nutrient for humans and
especially mammals (Wendel, A., Phosphorus, Sulfur Silicon Relat

15 Elem., 1992, 67, 1-4, 405-415). In particular, it participates,
in the form of L(+)-selenocysteine or L(+)-selenomethionine
(Mutter, S. et al.; Arch. Microbiol, 1997, 168; 421) 1in the
biosynthesis of selenoproteins such as Glutathione peroxydase,
Thioredoxin reductase and Selenoprotein P.

20 In humans, selenium deficiencies have been reported,
especially in the case of patients subject to feeding by
parenteral route over long periods (Von Stockhausen, H.B.;
Biol. Trace Elem. Res., 1988, 15, 147-155). A daily supplement
of 200 pg of selenium is considered as safe and adequate for

25 an adult male of average weight (Schrauzer, G.N., J. Am. Col.
Nutr.,; 2001, 20; 1- 14).

Selenium is found in nature in two forms: organic and
inorganic.
Inorganic compounds are most usually salts such as sodium

30 selenite or selenate. These compounds are very toxic for
humans and most animals.

Organic compounds (organo-selenium compounds) are

represented in living organisms especially by the amino acids



WO 2010/023291PCT/EP2009/061165 L(+)-selenomethaonane,L(+)-methylselenocysteaneand L(+)-

selenocy‘%ligzagg)-ll(}| (/) %%%rg?zlenomethaonane as the principal sourcep(gg,lp/#?%:@?%%if%gr! humans

and an anim umans and animals 5 are autoxotrophac for this amino acid, winch can
only be obtained through diet. It as thus an this organic form that selenium should Ideally be
Incorporated pndeod sufpleniests aéming o(treaterpreverlisaienivadaficiencynkfIt hagthus been
demonstrated that a supplementation of the diet with L(+)-selenomethaonane as much less toxic and
has a bett&r 5183Vaiiab Hf)? than an Intake an the form of sodium selenate (Mony, MC et al.; J. of
Trace Elem. Exp. (Mieds2000o13;:36 380k 15At presentrathet metabalic routes forcapturing
selenium bé/llivinq%rcr)lrglarpi%ms are notn@ownn apart frgm thgse usin]g asns%bsrgrates i%or%ar}rilc Eelenium,
principallfl an the form of sodidm selenate, and sélenomethaonane’ o & stita Iéasﬁpﬁlysof
organic seleniumucarkbe foyridian the r20 tigher plantsqwheat dnaizé) soa especaally)y arbwinch
more than,80% of§1 flelenqun Z%ecglnstituted by L(+)- selenomethaonane (Schrauzer, G.N.;

0 ; 1-

J.Am.CoIf%l?t’hE;e rZoou(‘l owever the selenium concentration an these plants as not

sufficient to be ébie td;qoro*d_@ue ee_isilly, ‘and<at _Zﬁle@@d:@_st,fMaqwt_WES. Sel_enm oﬁmehﬁaihs _
explored E%QQE%E‘; CB@P%‘S%@J&@?@Q&%%”'%%‘o%?_r‘%é}?%&'%'”gi‘%ﬁ{%“ ‘E‘écr%'roé%”'é@s with

organic selenium from inorganic selenium. These microorganisms, once enriched, can serve as raw
materialscfoe 30 sreparation sifdod praducts or cosmetics. Numerous publications describe

thgypreparation efygasts enfiched with sglepiym, and mere patticularly the yeast, Saceharomyces
cerevisiae (Oh Tae-Kwang et a/., patent KR950006950 of 26.06.1995) so as to use them as such or

35Incorpéiete tHeth ariifobd EémpositibRs (VREBFaaHNS. ets/Mpatent PA200200408 6 1609.2003);
or Instead tq,gbtain. bicavailability than an intake in the form of sodium

selenite (Mony, MC et al.,; J. of Trace Elem. Exp. Med.; 2000,
13, 367-380).

15 At present, other metabolic routes for capturing
selenium by living organisms are not known apart from those
using as substrates inorganic selenium, principally in the
form of sodium selenite, and selenomethionine.

A suitable supply of organic selenium can be found in the

20 higher plants (wheat, maize, soya especially), in which more
than 80% of the selenium is constituted by L(+) -
selenomethionine (Schrauzer, G.N.,; J.Am.Coll. Nutrit,, 2001;
20; 1; 1-4). However the selenium concentration in these
plants is not sufficient to be able to produce easily, and at

25 less cost, food additives.

One of the paths explored to obtain compositions rich
in selenium consists in enriching certain micro-organisms with
organic selenium from inorganic selenium. These micro-
organisms, once enriched, can serve as raw materials for the

30 preparation of food products or cosmetics.

Numerous publications describe the preparation of
yeasts enriched with selenium, and more particularly the yeast
Saccharomyces cerevisiae (Oh  Tae-Kwang et al., patent
KR950006950 of 26.06.1995) so as to use them as such or

35 incorporate them in food compositions (Moesgaard S. et al.,

patent DK200200408 of 16.09.2003); or instead to obtain



WO 2010/023291PCT/EP2009/061165 derivative products enriched with selenium such as bread
(Wang Bgaquan, 1817143 of 16.08.2006), milk (Jeng Chang: 432 of
11.12.20%,%%%?%%%?& a/., patent CN1302723C of 07.03.2007%%:%2%%%?5255%% Suk et a/.,
5 patent KR20040101145 of 08.11.2004) or beer (Jakovleva L.G. et a/., patent RU2209237 of
27.07.20@3)-enrichedwigtselenitsn.dn the field of heialth doeds, preparationsscaitaiing (yeasss
enriched with selenium have also been proposed for pregnant women, (Wang Welyl, patent CN
77100 51 1.0 2088} 'EF 0 Notba 14 Whpfcve tFe Jegtite micrb: o Aeh a Ay ogcemic
patients (i TaoZhao SpateatCNIE810161 Df DRWB.2006%da thecdermbeosmetias figld pearapasitions
containing ye iched with selenj ve been developed so as to reduce hair lgss (Kaslk Heinz,
patent Dlgll\}éi g_%%rg? 27, 6.@%0@)?0?@8 rﬂg(/en??ﬁacp%o?%%ge&él (?aWaﬁ rf\?orlf%%% et gj éét’e’nt
JPO7300469 of 14 HA2TIHE) 1Rharndacelitiodl .préparalidns contadrsng ydastsereiched. with setenium
have been.used in the pre i the tre flammatory pathologies such as the
retlnopatﬁlle's’Iinl?eaL t%n(%agﬁggd}% %grar?/éEly? ?n%néttgjn(i 56%8518%% 7.83%9'73,6%?8alﬁﬁdvascular
pathologiés (Nagy P.leétla/qpatert HUJ1060486 of 28:09499R).0ons cBadtetiaangd meregasticularly
problotic bagteria have.also. been sublectto gnrichmentwith selepiym (Calomme M. et, 25,4/., Biol.
Trace Elem. Res.; 1995; 47; 379-383). Lactobacillus acidophilus; but also Lactobacillus reuteri,
Lactobacilkrearintt8hansis eactobacihasbuchnerparabu8hiéri (Ridredhl- Voetd)0, Patentor
URp258964) havg been, desgribed as foqd supplements entehed with selenivim- A sty of o ¢
Lactobacillus 30 casei ssp casei has however shown that selenium is Incorporated mainly in the form
of selenoeystefhey(@dMme R €8l SBiological Trsce Eleatont Research 1995, @170 399-383f.
Mixtures @ prablotigsagonstityted of yeasts and lactgbacliia, so as fq gaipforce the mmupe system and
disease resistance (Huang Kehe 35QIn, patent CN1283171C of the 08.11.2006), have been prepared.
HoweverCiralPofthese pieparatioRs. thelifigroy WO FRB023091 PETFE PZR09/063 165 r§ahisms

enriched yith selepium-arg, peepared-fron dinorganie srlepium Hniqyelye hhus; the seyrcecof selenium
the most often used consists in sodium selerifte or selenate solubilifed in culture media of

micro-orgahidths A& micPd-organiBri theretyd 5 BRALKed Hithotgh FaWiRg sylthé&iséd satisfactory
quantities; of, grganic selgeRium assimilableoby thesltuman pody, ofters have aptighfesidualilewel of
non-transformed inorganic selenium, which can prove to be dangerous for the consumer, In addition,
the bactefiaCBadH b thisse SPfh%adéHJégLaé/tﬁﬁﬁ&ﬁus,%ﬁ?nﬁfgtrawéfg?m s morgahic S2l&hium Into
selenocystedne anndaotintotselenometbloning: arda afrecediag application publishednanderyWO
2006/008190ht e applicant ha§1 described novel organic cgglpoundf .of]ge(lfnohédro%%/aﬁiflt %/Spe that
can servé a5 p?eé) o1 for the 15$ygnthé:s§ of E?th)-sne(fg Siétitoning ik Rtimang ard™&mmars,
Irca surprising mgannar] the applicantguascobiserverd tet @4ganic compoundsoat .sebeno-hydraxyacld
type described.in the application 2006/008190, Incorporated in.the culture medi I used
by iffrent B oo S 92 A WA HO Sebste or (b porBass B then I adhrnt with
organic sefenm$m0O¥hé $83Ults obtained have revealed that these compounds make it possible to enrich
very efficiently non-photesynihetic,migrg;oragnisme yith organic selenjum. and mare parigularly with
selenomethionine with an equwaﬁent, or even superior, yie to !

also, Dbeen subject to enrichment with selenium (Calomme M. et

25 al., Biol. Trace Elem. Res.; 1995, 47, 379-383). Lactobacillus
acidophilus, but also Lactobacillus reuteri, Lactobacillus
ferintoshensis, Lactobacillus buchneri/parabuchneri (Andreoni V.
et al., patent US0258964) have Dbeen described as food
supplements enriched with selenium. A study of Lactobacillus

30 casei ssp caseli has however shown that selenium is incorporated
mainly in the form of selenocysteine (Calomme M. et al.,
Biological Trace Element Research 1995, 47, 379-383). Mixtures
of probiotics constituted of yeasts and lactobacilla, so as to
reinforce the immune system and disease resistance (Huang Kehe

35 Qin, patent CN1283171C of the 08.11.2006), have been prepared.

However, in all of these ©preparations, the micro-



25that obtained with inorganic compounds sodium selenite. It has thus appeared that the

organisms,wi I ionine from normally used such as enri f micra- ic
compounrﬁd% 0'2?) sfeslgﬁg%?d?oxyacld type makes it possible to produc(ig&r]rﬂlz:%to&g? g@aﬁgr%}% containing

mainly the source of selenium the most bloavailable for humans and animals and practically exempt of
inorganiccselenita g he ivesatien thustnakeslitpassible te-regelve dhe problems dfiexigiy linked to
the methodﬁ[ of the prior art by reducing the_ inorganic selenium cantent and l%avin%%available new

micro-organisis %ﬂrigﬁé@ﬁ/ﬁﬁl%meﬁb athlohfneS The Fon phctseyithetlt fico BrganiSs thus
enriched mayd W2 20164023291 PEJJE P2009406H65:beaised direathy in the diegs in thescontext of the

prevention ar.the treatment of selenium deficiencies, espgcially for the purpose of producin
PharmaGRUAl TR oF Aol oS M conm B FIEBRESY FRRIERY o 6
heseafteraepreseati graphs ishowingtthe avolutgm ohthei grewthsefrmicfe-organisms aver timesif YPG

(Saccharomyces cerevisiae) or MRS (Lactobacillus easel),medium 10 s emented with different
inorganicogogiﬁ%agé]gmﬁg?gﬁl& 1cl)rrnga%|S(:S(lsrgzIle’ilnaoi?:lie?th o?’iné:r}oqre}}?]]lf/ ?onxytfj)g%'r\é’thy?st%gr?o- ttanoif acid)
(THD-1773) selertiunr esrpoahdsl ThelX-axis comesporusiothe dumbergbhcdurs efdylturenthe 1-axis

to :he_ C?M?rc%erb%té{ (Bhsorbange measurerat SR0 nm). Hgure Lihe yeast Saccharomyces,

Ceewsmgﬁe bacteria, such as those of the genus Lactobacillus, mainly

10 transform this inorganic selenium into selenocysteine and not
into selenomethionine.

In a preceding application published under WO 2006/008190,
the applicant has described novel organic compounds of seleno-
hydroxyacid type that can serve as precursors for the

15 synthesis of L(+)-selenomethionine in humans and animals.

In a surprising manner, the applicant has observed that
organic compounds of seleno-hydroxyacid type described in the
application WO 2006/008190, incorporated in the culture media,
could be used by different micro-organisms such as bacteria and

20 yeasts for the purpose of their enrichment with organic selenium.
The results obtained have revealed that these compounds make it
possible to enrich very efficiently non-photosynthetic micro-
organisms with organic selenium, and more particularly with
selenomethionine with an equivalent, or even superior, yield to

25 that obtained with inorganic compounds normally used such as
sodium selenite.

It has thus appeared that the enrichment of micro-
organisms with selenomethionine from organic compounds of
seleno-hydroxyacid type makes 1t possible to produce micro-

30 organisms containing mainly the source of selenium the most bio-
available for humans and animals and practically exempt of
inorganic selenium. The invention thus makes it possible to
resolve the problems of toxicity linked to the methods of the
prior art by reducing the inorganic selenium content and having

35 available new micro-organisms enriched with selenomethionine.

The non-photosynthetic micro-organisms thus enriched may



cultivated if YPG medium, supplemented with sodium selemfie (inorganic compound) Figure 2:the
yeast Sa; visiae if cultivated if YPG medium, s it
selenom@tﬁllgi%%yfc(§ o%%r?llc compound)  Figure 3: the yeast Sacc arZ%@%gécg\%slig% if cultivated
in YPG medium, supplemented with 2-hydroxy-4-methylselenobutanoif and (organic compound
according o thedavention) Figure 4: thedagiertum haeibbacilus easel #f cutivateshk25iEMRS medium,
supplemented with sodium selemfif (inoi anic cor(r%) und)  Figure 5: the baﬁ rium Lactobacillus
easel if cOftivatad ir MRS Rrétium - suppiémenttd With SSIERShEtonHTE Ty ani ycglgrf)prouﬁafFigure
6: the bagterippskactabagitusieaseldf cultivated-30it MRS mediunt, isupplemensed wititmetic
2-hydroxg)—r4-met Iselergjo- butanoif %nd organic compound according to the invention) Detailed
description 81pl the invéntion” W8 0101025291 PCT/EP2009/061165 The present application is
limited to obtaining non-photosynthetic micro-organisms, in other words micro-organisms whose
growth does no ,tgsdirectly on a light source. The experimental results obtained within the scope
of the 5 presentiventrorrconcern more particularly non-photosynthetic bacteria and yeasts, which
have a very différegtmatabolistroto photesyeHetermicrerargaaismsgrapBy nsibmvorganisings
nderewgtanulying wicelylar dgae belog fo ane gf s olowg Kigfloms; opee. 10
protzsta, fungi or protozoa, having a eukaryote or prokaryote cellular structure, of microscopic or
ultramicrdscopitisizenvaging aqnetabslicand eepriBactiohasotential L Saidsunicelriar orgaaisms can
bg Jnvolved.in the farmation,qfifflamanis: o baefzIms, 158y prganic selepjum is understpod, 3 set of

organic

organic (selenomethionine or 2-hydroxy-4-methylseleno-butanoic
acid) (THD-177) selenium compounds. The X-axis corresponds to
the number of hours of culture, the Y-axis to the cellular
density (absorbance measured at 550 nm).

15 Figure 1: the yeast Saccharomyces cerevisiae is
cultivated in YPG medium, supplemented with sodium selenite
(inorganic compound)

Figure 2: the yeast Saccharomyces cerevisiae is
cultivated in YPG medium, supplemented with selenomethionine

20 (organic compound)

Figure 3: the yeast Saccharomyces cerevisiae 1is cultivated
in YPG medium, supplemented with 2-hydroxy-4-methylseleno-
butanoic acid (organic compound according to the invention)

Figure 4: the bacterium Lactobacillus casel 1s cultivated

25 in MRS medium, supplemented with sodium selenite (inorganic
compound)

Figure 5: the bacterium Lactobacillus casei is cultivated in
MRS medium, supplemented with selenomethionine (organic compound)

Figure 6: the bacterium Lactobacillus caseli 1s cultivated

30 in MRS medium, supplemented with 2-hydroxy-4-methylseleno-

butanoic acid (organic compound according to the invention)

Detailed description of the invention




molecules containing at least one compound having at least one atom of selenium in its chemical

structurevg p&B%gfoggg]gfroduced by a living organism, such as e?%?ﬁ%%g%m% ids
yls en €, 0

selenometﬁzonzn , me elenocystezne, selenocystzne 20and se cystezne, or pepfides or
proteins containing them. Preferably, the non-photosynthetic micro-organisms according to the
invention are yeasts opbacieria, mose piefercentially asyeastiof theigenys Saseharomycesonha
bacterium of the gjen%s Lactobacillus. 25The micro-or, anisrggs%thus enriched with organic selenium

may be UR8d B3 NIth 6rinSteRd 35 Rictraddifive. They MY foreXantpold. 58 deRydated* Bform a
stable powdes ¢hafrcantbe theogporate diseamipekitienscssrving as beasis fordhe preparation of
transformed progducts but can alsq be used 30living.as probzotzcs jn.food product transformation
processes. | THE GBREE of I fhater nion e T S dotd b0t 5 erf et oft
nof-photpsyxhetic micresgrganismonitie organiceselerinmi charactgrisednnghattsasgnthetic

non-photgsynthetic micrg-arganism is cultivated in a culture 35medium comprising a compound of
Selono-hyioXyACEH /58 Prefciably, e CamioURd of Selero Nydroxyaird b1 & WO -
2010/023291 PCYEPR609/061165 conpmundsefgeneral formula (1), a salt, or instead an ester or

amide derivative tﬁgfeﬁ& 49 (W 2formula in whieh, =Q.,9r 2,,.0H, QCORS, QPAZEN, QPOSRARS
or OR6; R2 = OH, R3, NHR7, S-cysteinyl or S-glutat |ony?; 10it being understood that when n =1 and
R2 = OHothearRBeammtonging to one of the following Kingdoms: monera,

10 protista, fungi or protozoa, having a eukaryote or prokaryote
cellular structure, of microscopic or ultramicroscopic size,
having a metabolic and reproduction potential. Said
unicellular organisms can be 1involved in the formation of
filaments or biofilms.

15 By organic selenium 1s wunderstood a set of organic
molecules containing at least one compound having at least one
atom of selenium in its chemical structure capable of being
produced by a living organism, such as especially the amino
acids selenomethionine, methylselenocysteine, selenocystine

20 and selenocysteine, or peptides or proteins containing them.

Preferably, the non-photosynthetic micro-organisms
according to the invention are vyeasts or Dbacteria, more
preferentially a vyeast of the genus Saccharomyces or a
bacterium of the genus Lactobacillus.

25 The micro-organisms thus enriched with organic selenium
may be used as such or instead as a food additive. They may,
for example, be dehydrated to form a stable powder that can be
incorporated in compositions serving as basis for the
preparation of transformed products but can also be used

30 living as probiotics in food product transformation processes.

The object of the present invention is thus a novel
method of enrichment of non-photosynthetic micro-organism with
organic selenium, characterised in that said non-
photosynthetic micro-organism 1is cultivated in a culture

35 medium comprising a compound of seleno-hydroxyacid type.

Preferably, the compound of seleno-hydroxyacid type is a



be OH; R3 = alkoxyl, ceramide 1, ceramide 2, ceramide 3, ceramide 4, ceramide 5, ceramide 6a

and 6b, ﬁg-(gy%tqgﬁl},co?é%%thionyl, or a group chosen from the follogggggﬂaa:gyggmgﬂt or

OR4 = alkoxy , Céramide 1, ceramide 2, ceramide 3, ceramide 4, ceramid ceramide 6a
and 6b, or a group chosen 5from the following groups: NH2 OHOH CH (CH2):3' OHO \l. OH

compound of general formula (I), a salt, or instead an ester

or amide derivative thereof,

(O)n

Se
- R,

formula in which:

n=20, 1 or 2;

R; = OH, OCORj3, OPO3H,;, OPO3R4Rs or ORg;

R, = OH, R;, NHR;, S-cysteinyl or S-glutathionyl;

10 it being understood that when n = 1 and R, = OH, then R; cannot

be OH;

R3 = alkoxyl, ceramide 1, ceramide 2, ceramide 3, ceramide
4, ceramide 5, ceramide 6a and 6b, S-cysteinyl, S-glutathionyl,

or a group chosen from the following groups:

NH, NH,
H o CH
O\/k((c 2)“\CH3 \/J\(\/( 2)12‘\0'_'3
OH OH
NH, OH
(o] C OH O
(CHz)g 3 O\)\/OH \N+\/]\/COOH
OH -~
O
O\ o0
HO

15



OH HOOH , WO 2010/023291PCT/EP2009/061165 OH or ORS5 = alkoxyl (CI-C26), ceramide

1, ceramw(g %gﬁﬁ%@géfceramde 4, ceramide 5, ceramide 6a agg,lﬁ})mgé@og;%glcpggen from the

following group );,4 OHOH

OH
O\ -0
NS NS N NS
HO o 0
(0] OH ) ,
(0]
0 :
OH
MeO = H
10
SN NN NS AN
MeO
0] 0
or
OR; = alkoxyl (C;-Cy¢), ceramide 1, ceramide 2, ceramide 3,

ceramide 4, ceramide 5, ceramide 6a and 6b, or a group chosen

5 from the following groups:
NH, NH,
CH o} CH
O\/K(( 2)“\CH3 \)W( 2)12“~CH3
OH OH
NH, OH
0O CH OH O
OH N
OH © -~

HO



WO 2010/023291PCT/EP2009/061165 Or  ORG6 = pyruvate, lactate, =trate, fumarate, maleate,
myrlstat I ,palmltoleate,oleate, 5linoleate, a residu t 13-cis
retlnoat(;a;‘;&)a Wﬁﬁgﬁﬁ NH-alkyl (C1-C26), a residue of natural %r%@é?ggé%rgg%% of natural
amine. In formula (1) above: 10- by alkyl is understood a group comprising 1 to 26, advantageously 1
to 10, more advantageously 1 to 6, linear or cyclic carbon atoms, optionally branched, optionally
fluorinated or polyfluorgnated, and comprising optionally one or more carbon-carbon double bonds,
such as for example methyl, 15 ethyl, Isopropyl, trifluoromethyl, the fatty chains of fatty ands (in other
words without the ap@Hunction) such as the fatty chain of linoleyl, the fatty chain of linolenyl, the fatty
chain of palmltoyl. - by alkoxyl is understood a group derived from a primary, 20 secondary or tertiary
alcohol, and boun the molecule thrgagh thQ)xyn atom of th\e alcohol function,
eously 1 to 10, mere agyantageously”l t08; lineaf orwyclic carbon

polyfluorinated, and e@mprisiog optionally one orw arbon-carbon double bonds, such as for
example methoxyl, ethoxyl, Isopropoxyl, filfluoromethoxyl.

OH
MeO P H
10
NP N AN
MeO
0] @]
or
ORs = alkoxyl (C1-Cy¢), ceramide 1, ceramide 2, ceramide 3,
5 ceramide 4, ceramide 5, ceramide 6a and 6b, or a group chosen

from the following groups:

NH, NH,
0 CH
O\AY(CHQ)”\CW \/I\T/“\\/( 2)12\CH3
OH OH

NH, OH
0 CH OH 0
\/kH\(CHZ)g 3 O\)\/OH \N*\)\/COOH
OH -
0
O__0
HO



5- radical structures of ceramlde type are described especially in "Cosmetic Lipids and the Skin

Baffler", wéora fnfdounq% 2002, Marcel Dekker, Inc., page 2, flgwé%,g é%/ta%tbl/%léﬁﬁ?gerstood any

corresponding co und in the metabolism of organisms of the p or animal 10world, as well

as in that of humans (Steglich W., Rompp Encyclopedia Natural Products, G. Thieme ed.) by fatty
acid is understood an gliphatic carboxylic acid comprising from 4 to 28 carbon atoms (including the

aminoands:Alanine(Ala),Arglnine(Arg), Asparaglne(Asn),Aspartic acid(Asp),Cystelne(Cys),
25Glutamline (GIn), Glutamlc acid (Glu), Glyclne (GIy), Ifistfillne (HIs), Isoleuclne (He), Leuclne (Leu),

rest of the 35molecule through its prlmary amine function (NHJ. by ollgomer, it is understood
any compound constituteg |

MeO = H
10
X AN
MeO
O O,
or

OR¢ = pyruvate, lactate, citrate, fumarate, maleate,

myristate, palmitate, stearate, palmitoleate, oleate,
5 linoleate, a residue of natural fatty acid or 13-cis

retinoate;

NHR; = NH;, NH-alkyl (C;-Cy¢), a residue of natural amino
acid or a residue of natural amine.
In formula (I) above:

10 - by alkyl 1is understood a group comprising 1 to 26,
advantageously 1 to 10, more advantageously 1 to 6, linear or
cyclic carbon atoms, optionally branched, optionally
fluorinated or polyfluorinated, and comprising optionally one
or more carbon-carbon double bonds, such as for example methyl,

15 ethyl, isopropyl, trifluoromethyl, the fatty chains of fatty
acids (in other words without the acid function) such as the
fatty chain of 1linoleyl, the fatty chain of 1linolenyl, the
fatty chain of palmitoyl.

- by alkoxyl is understood a group derived from a primary,

20 secondary or tertiary alcohol, and bound to the rest of the
molecule through the oxygen atom of the alcohol function,
comprising 1 to 26, advantageously 1 to 10, more

advantageously 1 to 6, linear or cyclic carbon atoms,



WO 2010/023291PCT/EP2009/061165 of the chaining of 2 to 15 monomers bound together through
an ester type -_by polymer, it is understood any compou dE ' egj t]t haining of
more thaghyéi)L m(;}rsljéPnze%g Sf)%und together 5through an ester type bonB. 'E?EE(%#} |{1%%té %g invention,
said compounds of formula (1) are preferentially used in the form of calcium, magnesium or zinc salts,
which enaplesenbetter setubility daithesgidtuse medja, Aisuwell as edetter agsimjlation byrtheed,
micro-organisms. 10 The invention also encompasses the stereoisomers of compounds of ﬁgrmula ()
as well a8 te nTiRllirés B SfRreSRoMES fehT Al prBFortiohs AR T partcLiial i ?‘grgé)rﬂic dlres. By
"stereoisbmetss’,is undestaosl, atsordingdaphe 1hetesen inventidn, diasierecisgmerscangd. ,
enantiomgs.fThe rarrgettgﬂg%gﬂcal isomers. Stereoisomers that are not mirror images of each other
are designa%ed1 *diastereoisomers”, and sterecisomers that are mirror images of each other, but are
nob superposable, are:désighatesitenantiomers"o 20Aanixturé gontaining equat qudrtitiesi dfti/o
individual enantiomeric forms,of opposite chirality, is designated "racemic, mixture", Advantageously, n
represent%séj nt %%é]ne%é] for%qﬁgn%lilc ElF?f #%y érlgﬁge?e}lnet a%% , (%88&\93@& OR g?g%a with
25advantageously R3lrepiéSentindparralkokylkgreup. nparticwlageR L car kgpreset.an OH group.

R2 will represent espegially, ap, QH or R3 group. and.mgre “Cé%%rlé/e%%9%95?';%%@#%&}%?6)

group. The seleno-hydroxyacid compounds used within the scope of 30th t invention
may corrésportl more pagticukaryto thefollowing fommilams of the plant or animal
10 world, as well as 1in that of humans (Steglich W., ROmpp

Encyclopedia Natural Products, G. Thieme ed.)

- by fatty acid is understood an aliphatic carboxylic
acid comprising from 4 to 28 carbon atoms (including the
carbon atom of the carboxylic acid function), the hydrocarbon

15 chain being linear, saturated or unsaturated.

- by fatty acid residue, it is understood that the fatty
acid 1s bound to the rest of the molecule through its
carboxylic acid function (COOH).

- by fatty alcohol, it 1is understood a fatty acid as

20 defined above in which the carboxylic acid function (COOH) has
been replaced by an alcohol function (OH).

- Dby natural amino acid 1is understood especially the

following amino acids: Alanine (Ala), Arginine (Arqg),
Asparagine (Asn), Aspartic acid (Asp) , Cysteine (Cys),
25 Glutamine (Gin), Glutamic acid (Glu), Glycine (Gly), Histidine
(His), Isoleucine (He), Leucine (Leu), Lysine (Lys),
Methionine (Met), Phenylalanine (Phe), Proline (Pro), Serine

(Ser), Threonine (Thr), Tryptophan (Trp), Tyrosine (Tyr) and
Valine (Val).

30 - Dby natural amine, it 1is understood a natural primary
amine bearing an NH, function such as putrescine, cadaverine,
spermine, spermidine.

- by residue of amino acid or amine, it is understood
that the amino acid or the amine is bound to the rest of the

35 molecule through its primary amine function (NH;).

- by oligomer, it is understood any compound constituted



OH (1a) r WO 2010/023291PCT/EP2009/061165 all proportions, an ester or an amide thereof, 1A/1th

n as defined previo preferably representing O. By "ester", if.| n ester
B Sl

function (C(0 ormed from an OH group of an alcohol or carboxyli ion borne by
compounds of seleno-hydroxyacld type according to the present invention. These esters are thus
obtainedo eitherbycdieactiomef the atcohsl functiomdAéltb acaibaxytie gadrsueh asaugnd ahformula
R-COOH with R = alkyl as 10 defined above; a natural fatty and; a natural amino-acid; glutathlone;
pyruvlc, ?asctfﬁ,rciﬁ?’c?%uragﬁg,'maIeIc, or 13- cls-retlnolc and; especially 1A/1th an and RCOOH, in
particular with R-repkesentingna tineartor beanched,rsaturate dshydracanpom chair copptisingsfiom 1 to
6 carbon atoms e15 o b¥1 reaction fof the carb%%g_aar}%function with an alcohgl S"étCh asa eprimary,

secondarkf/yor ttéff]tlary alco]hotnéjf formula R wit oxyinéfsn défined aBS\I/Jél; afa fi/gaﬁco 0]1; ora

cetamfilet especiallyawith sinealcahalR 'Homdparticular with R representing a linear or branched,
saturated 20hydi(c):car?§n chain cqcr%%ns.lng]frg@il to 6 car%on atoms. q Bg £ a%q:(?n ’

Lt is erstood
that an amide function é?(%N -) is ormed from an ’OI—?arloupcgfmfnogl%o olor (:arboxy[]'lfa:L alri% function

borne byxomppuads oésélead-hydroxydcld typeraccdiaing to theplesentinvewtiore These arcades
are thus 3gqhtained:. either fy-teaglion.qtthe glogholupction 14/4h 8q amide,derived fiqm 2

carboxylic and as described in the definition of the term "ester”, or by reaction of the carboxylic and
function witkhlaa amine w80 derved:fromtare alcoholiasidescribediy tHédefinitiorp obtheatedratiester” or

cqgresponding tg;anatyral aming and of anatural. amine .. . Thejavention,relates mare paggieularly to
the use of a compound of formula (I) chosen from: 35- L-2-hydroxy-4-methylseleno-butanolc and,
compounds of formula (I) as well as the mixtures of
stereoisomers in all proportions and in particular in racemic
mixtures.
By “stereoisomers” is understood, according to the

15 present invention, diastereoisomers and enantiomers. They are
thus optical isomers. Stereoisomers that are not mirror images
of each other are designated “diastereoisomers”, and
stereoisomers that are mirror images of each other, but are
not superposable, are designated “enantiomers”.

20 A mixture containing equal quantities of two individual
enantiomeric forms of opposite chirality is designated
“racemic mixture”.

Advantageously, n represents 0 in the general formula (I).
R; may represent an OH, OCORs3 or ORe¢ group, with

25 advantageously R3 representing an alkoxyl group. In particular,
R; can represent an OH group.

R, will represent especially an OH or Rs; group, and more
particularly an OH or alkoxyl (C;-C,¢) group.
The seleno-hydroxyacid compounds used within the scope of

30 the present invention may correspond more particularly to the
following formula:

(o)

Se
- OH

OH
(la),

or to a salt, a stereolsomer or a mixture of stereoisomers in



- D-2-hydroxy-4-methylseleno-butanolc and, WO 2010/023291PCT/EP2009/061165 -

D,L-2-hyg{§r>]<%ﬁdga;€%%%lﬁs?no-butanoac acid, or a salt of said comps&gzipz 0 OTSi-' : 81(‘10é'gpounds are

describe cation WO 2006/008190. 5The object of the invention as also a micro-organism,
and more particularly a non-photosynthetic bacterium enriched with organic selenium, capable of
being obtained-acgosdingda she methed of therinyantien. Suchha mierp;organism generally has an
organic selenium content greater than 1000 ppm, preferably 10 greater than 1200 ppm, more

u

preferentiatly Griafer thi 1466 ppis Bh &t SqUIVAERE %ﬂ%%ﬁiﬁ@%?@gélﬁﬂiu% content less
than 0.5 %, prefeyabheless than (.2 %iandundee-preferentiallydessithans®.d % anrdry ieight ef said

microorganism. 15The invention also relates more particularly to a yeast of the genus Saccharomyces
enriched%\r/?ié}%el niﬁ?n,% 5?1aec?erlz%<3nana{ha§]gt &%Bﬁse%%ra %&eﬁéﬁ%ﬁiﬁa{on%ﬁe%%ﬁ é)nﬁ}@(irégter than
130 mackrogramnies selemunmceguigalent pergrammel §pgS€/g)s pieferaldly greates thah 160gegSe/g

and more 2(9 prﬁferenti [ly g{%ater than 1r71$ pngne\ég r?tni%rl)(.vye%é (S)fe saig %east. 2 The % tal

. ac é)]f 1n8 ﬁ S 81’@8? ?IS . are %US
selenium and selenomethaonane content of the micro-organisms may be determined respectively by

mineralisation amedsnzymatic digestion after centrifugation 25 and lyophalasataon of the

micro-organisms, for example hy. following the method according to Lobansky et a/. described, an
Nester, Z. etééﬁEO% 3fé\nnga%%i%)glnal(.)Cgl]émg. 2385??6 -1801.9T%% s%%ienonqae%hgon%én%é en%
correspopds b tisel cbntert obselenontethabnanerasifree &miieddcidvand sefenemethiorane bound

3qo other.aming;ands, an other words, present an proteins and peplides, 1 A ygastacgording to the

invention may prove to be useful, for example, an the manufacture of bakery products enriched with
seleniumdiut aidd an obtaimig Wiilks of aniptdl Drighi3BertichédWithisrganie selfepiur® Yor Iastead

eggs enriched with; organic sglenium. WQ,2010/p23291PGHEP2Q09/061185 rcoon,  in
particular with R representing a linear or branched, saturated
hydrocarbon chain comprising from 1 to 6 carbon atoms,

15 - or by reaction of the carboxylic acid function with an
alcohol such as a primary, secondary or tertiary alcohol, of
formula R'H with R' = alkoxyl as defined above; a fatty
alcohol; or a ceramide; especially with an alcohol R'H, in
particular with R representing a linear or branched, saturated

20 hydrocarbon chain comprising from 1 to 6 carbon atoms.

By “amide”, it 1s wunderstood that an amide function (-
C(O)NH-) is formed from an OH group of an alcohol or carboxylic
acid function borne by compounds of seleno-hydroxyacid type
according to the present invention. These amides are thus

25 obtained:

- either by reaction of the alcohol function with an amide
derived from a carboxylic acid as described in the definition
of the term “ester”,

- or by reaction of the carboxylic acid function with an amine

30 derived from an alcohol as described in the definition of the
term “ester” or corresponding to a natural amino acid or a
natural amine.

The invention relates more particularly to the use of a
compound of formula (I) chosen from:

35 - L-2-hydroxy-4-methylseleno-butanoic acid,

- D-2-hydroxy-4-methylseleno-butanoic acid,



The invention more partifularly relates to a non-photosynthetic problotif bacterium, in particular a lactic

bacteriu e%é)a#%%fgt & genus Lactobacillus, characterised in th %Zgw&as @?ﬁell% omethlonine
rthan 50 p a reférent

content 5 greate gSel/qg, preferably greater than 100 pgSe/g more ally greater
than 500 pgSe/g in dry weight of said non-photosynthetic problotif bacterium. Selenomethlonine

will represent espegjally Trarfgithan poYe merefsreptialynmeors: thancdQ%-0f ihg total selenium contained
10in the bacterium uch a bacterium may prove to be useful, for example, in the manufacture of
fermentea%iﬂsfgeléh Sgcﬁ%é esc8Fl§/)8émﬁFs', enriched with organic selenium. By "problotif" is
understood a mithe-e¢ganismtbahcan berk5 Ingested by @animals arthtimains; il teingat dead form,
and Winc2 mgﬁog%r#egfiﬁial effect on animals or humans, in nutritional, pharmaceutical or cosmetic
terms. In‘the case of a bacterium, it may be a lactic bacterium, especially of the genus Lactobacillus.
The bacteria Cupniavidog enetatidutans 20anerRalstoniss metalidurans, arsedaogietdxify, salsddo not
correspond fo this definition. ., , The, non-photosynthefic problgtit bacteria ageording o the present
invention may thus be usefuf ag problotﬂs, espeC|a¥Iy in a cosmetic, pﬁarmaceuﬂcal or nutritional
25productrganThe neAgphotosynthetielpdierocorgdrismg actordingetd the invedtioy may thussbe useful

in humany ylriion and ip,animal uition, esaerially so,edp ehigip seeandary deriigtives endched
with organic selenium, such as for example milk or 30eggs. e invention also relates to the
manufacture of grobictif prodticisiforcrfooe EosmetderphidraaceUtidal nse) diretty froab 1y

mjgro-organisyps enriched witheroanis selepium aceording fo the methad of the present inyggtion.

Said 35manufacture Involves techniques known by those skilled in the'art. WO
2010/023291PCI7E P2069/0811 651U 1 Va L&gdordivgdo A parfiedlarembod @it Bfthe Pventién, the

micro-organisms nitially enriched with grgapicsefeniumeaccording to the method of the present
invention, living or dead, are Incorporated as additives in a given problotif 5 composition. The
micro-ordafidiis @b ot particiifate inthdTtaSe hecesdarilyFinthe'Biotdyica? frarfstfindtivh 1oF the
ingredients-graseshin the composition.

15 The invention also relates more particularly to a yeast
of the genus Saccharomyces enriched with selenium,
characterized in that it comprises a selenomethionine content
greater than 130 microgrammes selenium equivalent per gramme
(ngsSe/q), preferably greater than 150 upgSe/g and more

20 preferentially greater than 170 pgSe/g in dry weight of said
yeast.

The total selenium and selenomethionine content of the
micro-organisms may be determined respectively by
mineralisation and enzymatic digestion after centrifugation

25 and lyophilisation of the micro-organisms, for example by
following the method according to Lobinsky et al. described in
Mester, Z. et al. (2006) Annal. Bioanal. Chem. 385: 168-180.
The selenomethionine content corresponds to the content of
selenomethionine as free amino acid and selenomethionine bound

30 to other amino acids, in other words present in proteins and
peptides.

A yeast according to the invention may prove to be useful,
for example, 1in the manufacture of bakery products enriched
with selenium but also in obtaining milks of animal origin

35 enriched with organic selenium, or instead eggs enriched with

organic selenium.



According to another embodiment of the invention, the living micro-organisms are not enriched

beforehaﬁg v%'idléio%eﬁ#ggifm, but enriched as the method of manufgg,ng)g%lae% rggg‘@glsg#m from one

or more compoun ormula (1) as defined above proceeds, accordin the
invention. Said compounds of formula (1) are then Incorporated in said composition with the other
ingredients and Tiea- 1brphotasynthetitoniero-peganising.akhie,non-phatosynthetic microerganisms
may then bring aboutha blpconverslon of the organic selenium compounds actually within the

compositfioi o Ghain ?otrle%(arﬁﬁlgs?é%%hﬁh, & vEAStE B whikh aré BhficHed With“orgahic sdienium or
Instead afermentadmilk in adiehcthel20lactic bacteriatare enrichetuwith organic seleniumus, In
these compositions, 2 problotit bacterium as defined previously, fs ised more particularly, for example
a lactic bacterium, especially of the genus Lactobaciltis, The organic sefeniuft and derivative
products dhes 25robtamed 20e wsekil in differct applicatpnsaokwhichahosed0 pgSe/g and
recalledi%g%@reambp %%%%cli%wyfscosrg%tjccé Ph%%r%aceg%al or Qlejt)ritiori%l agents, _ . 1;1hce ig\fention
also relates to p%ﬁotl compositi s%f%r cosmetic, prharmace%%cal of nutritional useigomprlsmg one
or 30 macre imicreorganisms entitkeed with:organit seldraurneacterding to the invention, and more

particularly a pr%ﬁ%‘9@%%%%%%‘1’&%%%3@9919r%@g%%%@ {0 eé@@&eic?ﬁ%}icnp&%erm’nesgé’%i?”y of the

genus Lactobacillus. By problotif composition or product Is understood a 35composition or a
product donsgrishey & icdazorgansmtliving 6P deartl uséd as-problotitad eefinad atsoven Wt
2Q4.0/023291PCT/EP2009/061165 The invention further relates to a culture medium for
non-photosynthetic micro-organism characterised in that it comprises one or more compounds of
formula (1) definetd @bove FBucHea tulturdatieditAvis usSefubfor d5e iiglementatiol BERE methiod of 5

enrichment of migrarorganisms wigh organic,seleniym ageording tg the inveptionJapagticulay, the
invention relates to a culture medium comprising at least one compound of formula (I) as defined
previously OFreferably ZhydfoxgU-ticthylsélenbsut&FdiE AeidTor a salt thereof, or one of its esters or

amides or it 10siereglsemess oF mixtyresefstereglsomers at acopcgatiation ranging-hetween 0.5
and 2000 mg/L, preferably between 1 and 1000 mg/L, more preferentially between 2 and 500 mg/L,

i.d5respetively HEreund befedi?o 2 and sHGRRGIE of <did coMpBEndIR selBafdm&iivalemtd
preferentially hetween 0.4 and 49me/lzof 16 said-eompaund i selesiun equivalent.snore n
preferentially between 0.8 and 200 mg/L of said compound in selenium equivalent. A method of

preparing*Hom-bhbBEhthehib HitfE=6rahiEh aBlordihgts tHe inteRTSH maY eSPEci&R Eonfdrise one

or more of the: tollewingnSteps: may be a lactic bacterium, especially of the

genus Lactobacillus. The Dbacteria Cupriavidus metallidurans

20 and Ralstonia metallidurans, used to detoxify soils, do not
correspond to this definition.

The non-photosynthetic probiotic bacteria according to
the present invention may thus be wuseful as probiotics,
especially in a cosmetic, pharmaceutical or nutritional

25 product.

The non-photosynthetic micro-organisms according to the
invention may thus be useful in human nutrition and in animal
nutrition, especially so as to obtain secondary derivatives
enriched with organic selenium, such as for example milk or

30 eggs.

The invention also relates to the manufacture of
probiotic products, for a food, cosmetic or pharmaceutical use,
directly from micro-organisms enriched with organic selenium
according to the method of the present invention. Said

35 manufacture involves techniques known by those skilled in the

art.



20- preparing a culture medium, preferably a minimal medium, comprising the chemical elements

necessa%;o%‘fogr&(\ggﬁ said non-photosynthetic micro-organiszCT 4ﬁpérbtpcbd é'rlq E],IO the
-méthylse

culture mediuma compound of formula (1), preferentially 2-hydroxy- eno-butanolc 25acid or
a salt thereof as organic source of selenium; adjusting the pH of the mixture to a value ranging
between 3 and 8; plaeingra Lutfureca presaulturelHnoculinp ®f saisht of the invention,
non-photosyntheticmicro-organisminthemixturethereby 30 constituted, at a temperature ranging
between 28anti 80t D%H%ggﬁbﬁf&f ag]iféﬁgﬁ?‘&ri&nge b}lgth?e}é%dloﬁla% 5009pht, and & eﬁrjﬁ'grgphere
that may zontair from O:to 2086 ohexyigea and frame0. pice32 #4 oficarborn dinxjde | preferably for 24 to
96 hours; 35- centrifu%in the mixture b%tween 40%0 an 10 00Q rpm for several minutgs; WO
2010/02&%?%’CT/%E’ 0 gffé%r%kemg u%stheacecﬁlpejfl‘é? in pﬁysiol%gic%‘\fv%rfer;p o cle%%rllfﬁging
again betwegrno4000iand 10rge0 mntior-sevgral minstesiosterdising dhek hamich cell petlettimingnch is
found the 5non-photos¥gthe£if microﬁor ?ésmﬁpgi%hegc\:/\gtﬂ secltle:réirl{rsnf'oTpH(?ar%ulrgir(lj ge()llfpelltgek'[lénay be

IyophiIiseC(:JIaosredriende in-air, The culture medium may %gespeually a synthetic or semi- synthetic

m_edium, mcﬁmtthedtmediuﬁﬁ@ma_s'eteah@ rmedipas Aftercentrifugation and Iyophyllsa}tlon of the
micro- 10organigms, ihe;total selenium and selenomethyonyne contepts may.he determined, Jor

example, after respectively mineralisation and enzymatic digestion by the method according to
Lobynsky; R.iata/. debetibed ioResSNsZ. e2 a¢. (20068) ArrihBiohral. Chermo 8385868-1801 15O0ther

CharaCteg%tlﬁérﬁqgn@dv%@@geérgF&%galergign € method of manufacturing the

composition from one or more compounds of formula (I) as
defined above proceeds, according to the method of the
invention. Said compounds of formula (I) are then incorporated
in said composition with the other ingredients and non-
15 photosynthetic micro-organisms. The non-photosynthetic micro-
organisms may then bring about a bioconversion of the organic
selenium compounds actually within the composition to obtain,
for example, a dough, the yeasts of which are enriched with
organic selenium or instead a fermented milk in which the
20 lactic bacteria are enriched with organic selenium.

In these compositions, a probiotic bacterium as defined
previously, 1is used more particularly, for example a lactic
bacterium, especially of the genus Lactobacillus.

The organic selenium and derivative products thus

25 obtained are useful in different applications, of which those
recalled in the preamble, especially as cosmetic,
pharmaceutical or nutritional agents.

The invention also relates to probiotic compositions (for
cosmetic, pharmaceutical or nutritional use) comprising one or

30 more micro-organisms enriched with organic selenium according
to the invention, and more particularly a probiotic bacterium
as defined previously, for example a lactic bacterium,
especially of the genus Lactobacillus.

By probiotic composition or product is understood a

35 composition or a product comprising a micro-organism, living

or dead, used as probiotic as defined above.



given in the examples given hereafter. The following examples are given solely by way of illustration

and canr‘bgq]irbs% 3I¥I5'it the scope of the invention. EXAMPLES (?8];7%%{&% )Dd'gii}[lggié)n of the

yeast Saccharomyces cerevisiae in a YPG medium containing 2-hydroxy ylseleno-butanoic
acid and in a YPG medium containing sodium selenite: Isolation of the strain Saccharomyces
cerevisiae 30531Q00: r2z=The sirainiwas dsolatetfrerm arsquare of ed2g afdread nfaking yeast of
FALA BACKHEFE make, from a batch identified with a DLC 22/07/2007. This yeast was kept in the
refrigerator 3t 238 bé¥ore st theR iEWES 1AREh GRH AGhiayBE Yeast Pabtohe GRINZEE fiedium.
The strainot Saccharony cesrdfbcereyvisiae: 3053060 was obtaifieddy spieading ahuRG anedium
in Isolateg clotl%nies and.placed in coI!LIehtlzéio at - %C with addition of 10% Vgl\%%le()f I%ytci%gl as.

cryoproteciive agent. Composition of medium: -Y Eas ﬁF&c?TO%

2010/023291 RCMER2008/06k 165 Pegtone20 Gludose20agpH7(:Renvérse esmosisiwater,dQS1 L
5In the e%%eerlrri\%pftg &escnbeghtheagrtowth characctﬁgsti%svgfn t@f (%ea% lgacgha@m)écegu(‘lecrevmae 3053

niion. 1 r aLes. re. .
EOOO were measured in tnhe presgnce Ogaljffaerént concentrations of selenium in ?he form ofusodlum

selenite, Jsetéihgme_tthmm,mhydtox}aaﬁtethytselemmlbptanwc angd alf@cmmp'ared 1o the growth
10 charagerigicsinube ahspnes of addiives (ogntsol). The pre-gulfure ofthe stain Sapgharomyces

cerevisiae 3053-E000 is carried out’in liquid YPG medium, at'37C, under orbital agitation (250 rpm) for
24h. Conditionsoof caltwelof tHérstraiptsaceharonsyces cerfevisi 8053-E00G Thdtiltere is- formed

frogn an laeeylup 1,106 UFG/m) of the pre-cufture descrbed prewiously ig 100,mi. of YRG gedium, at
pH = 4 at a temperature of 37C under agitation (250 rpm) and according to the following conditions:
ranging between 0.5 and 2000 mg/L, preferably between 1 and 1000

mg/L, more preferentially Dbetween 2 and 500 mg/L, 1i.e.
respectively around between 0.2 and 800 mg/L of said compound in
selenium equivalent, preferentially between 0.4 and 400 mg/L of

15 said compound in selenium equivalent, more preferentially
between 0.8 and 200 mg/L of said compound in selenium equivalent.

A method of preparing non-photosynthetic micro-organism
according to the invention may especially comprise one or more
of the following steps:

20 - preparing a culture medium, preferably a minimal medium,
comprising the chemical elements necessary for the growth of
said non-photosynthetic micro-organism;

- introducing into the culture medium a compound of
formula (I), preferentially 2-hydroxy-4-methylseleno-butanoic

25 acid or a salt thereof as organic source of selenium;

- adjusting the pH of the mixture to a wvalue ranging
between 3 and 8;

- placing in culture a pre-culture inoculum of said non-
photosynthetic micro-organism in the mixture thereby

30 constituted, at a temperature ranging between 25 and 80°C,
under orbital agitation ranging between 100 and 500 rpm, and
an atmosphere that may contain from 0 to 20% of oxygen and
from 0.5 to 99 % of carbon dioxide, preferably for 24 to 96
hours;

35 - centrifuging the mixture between 4000 and 10 000 rpm

for several minutes;



20The cultures of Saccharomyces cerevisiae 3053-E000 were monitored by absorbance

measure ? 9[ 5}% nd by CPU counting on YPG gelose plarsé,ﬁ, CHZE’? % %I,‘_enlum in the
form of s ium seleni € concentrations tested for the addition o énlum selenité are 0.5
mg/L, 10 mg/L and 20 mg/L in selenium equivalent, 1.e. respectively: 1.1 mg/L, 22.22 mg/L and 44.44

mg/L of sodium setenitenghegraph: otiguregemakes itrpassiple ta vigualise thetgroyth of the strain
Saccharomyces cereV|S|ae 053-E000 in the 30 presence (SE ifferen écﬁgﬁ @@IOHS of sodium
selenite. As may be"6hearved SoduntSaléhite Bebifetd sh to%flc e 10"RY/L iR'selenium
egulvalent}regativelyraifesting the rate of growth and the yield of biomass obtained (- 50% in 48h).
35At a concentration of 2 ql/ in %elenlum %gulval ég d| um. \Wie) nd the
2010/023291PCT/I§I5§6(]J 061185 séfe e provest veryetoxn;L R)r@accﬁaromyces cerevisiae.
Adglition obselehiatrosnthelertm of melenom@aan@mmﬂwﬁramnh testéd fionthe addition of

selenomethlonif g r?qrglkl(l_) %mcg/L,eégn% %O 91 a d 20ir I.hlnlse%Ie |ulfr?n 5%' U|V%Jent le.

respectively 1.2 and enome fion e grapﬁ of ?gure 2 makes
it possible to wsTﬂatrs@thJetgrowthi@ﬁﬁherstrfmry S’raeclempmeé kerevisige BO584E00grintke presence

Ofd'ﬁeregg cQEenTatigns; o %%e'eQRmSH]JQ'&'ﬂ%dA‘%e@l@ﬁy b %Seé‘éeldeéﬂe@ methlonife begins to

show an effect from 2 mg/L (if Selenium equivalent) negatively affecting the yield of biomass obtained
(- 29% in 48h). THé ficrease of iNaidede wn10ang/L (fsakéribmseduivalendprodoeesigieater inhibitor

effects on the rate of growh.and the piomass,yield (- 50%) without affegting,all the same the viability (-

30%). For 20 mg/L of selenomethlonife (if selenium equlvalent), the effects are similar to those
obtainedT6rv10 migfL as Fegarts the fate anfithe finakGIBMESs yield the foxic BffepEsT theevidbility

bell-1g showh more sirongly :50%n20.Additionof selenium ip the fmfdiBydroxy-4rqing
to Lobinsky, R. et al. described in Mester, Z. et al. (2006)

Anal. Bioanal. Chem. 385:168-180.
15 Other characteristics and advantages of the invention are
given in the examples given hereafter. The following examples
are given solely by way of illustration and cannot in any way

limit the scope of the invention.

EXAMPLES

20 Example 1: Production of the yeast Saccharomyces cerevisiae in

a YPG medium containing 2-hydroxy-4-methylseleno-butanoic acid

and in a YPG medium containing sodium selenite:

¢ Isolation of the strain Saccharomyces cerevisiae 3053 E000
25 The strain was isolated from a square of a 42g of bread making
yeast of FALA BACKHEFE make, from a batch identified with a
DLC 22/07/2007. This yeast was kept in the refrigerator at
+4°C before use, then it was taken up in liquid YPG (Yeast
Peptone Glucose) medium. The strain of Saccharomyces
30 cerevisiae: 3053-E000 was obtained by spreading on YPG medium
in isolated colonies and placed in collection at -80°C with
addition of 10% vol/vol of glycerol as cryoprotective agent.

Composition of the YPG medium:

Yeast Extract 10 g



methylseleno-butanoic acid The concentrations tested for the addition of 2-hydroxy-4-

methyls = [pe]! are 0.5 mg/L, 2 mg/L, 10 mg/L and 20 mg/L.{ | ivalent, 1.e.
respecti%%.@%@%gﬁ%%smg/L, 25 mg/L and 50 mg/L of 2-hydrox%{%21§éag§;}e]%%l§§noif and
(THD-177, Tetrahedron, France, CAS: 873660-49-2). The graph of figure 3 makes it possible to
visualise the grawdbtafibe strain Saccharomyces cerevisiae 3053-E000 in the
presenceofdifferentconcentrationsof2-hydroxy-4- 30 met glseleno-butanoif and. As may be observed,
the 2-hydroxy4- 1I}I%ﬂ&?leno-butanoif and begins to sho arPeffect from 10 mg/L (if selenium
equivalent) negatively affecting the final biomass yield (-72%) and in reducing the viability by 36%. For
a concentrationPg\)é ggrrgglLoof 2-h3{derXé-4e-rPet%selenoqut noif and (if selenium equlvalent), the
biomass yield is reduce by%‘%% and ‘the Viability is reduce by 50%. WO
2010/023291RGE/EP20B2/M64165 Efeichmentwith sélenigmcoftSaccieroayces cetevisiaedln light of
the resul OebtaiGnegtpr%vig%%IX ;%rm thg b@rggsge Brodlugéio% BgztpeE?r&iJn Szélccehar()emgcq:se%erg\r/lisiae
3053-E000, the choice of an mcorpgra%on Fate of 20 mg/L of 2-hy roxy-%- gme%y?sellleno-butanolc and
(in selenitheequivadentyandodn idédrperation raterofetOtmgili ohsodium selerite. (in selenidrne
equivaleny) jf the gultures dgscrined hersafter wias mades Bre-ohltures: from ayliyre satyrgted with
YPG, two pre-culture steps were carried ouf. 10Pre-culture 1: 10 mL of culture (inoculation rate 10%
viv from thetdaidraedd caltire L imcabation24hdat 32CYPPre<uitre24100aL oftdudture ginectlation rate

1q6 viv fromthe pre-cultures1, incubation 24h.at 3£C) Cultwrgfrom the preseyliug 2) 1 L pf YPG

medium is Inoculated at a rate of 10% v/v.lThe culture is Incubated at a temperature ixed and
regulatePEE3TC.ITHE pH adjilistedSto aRd the ceftareBifked By orbitad bgfatoho@ds04pmM).

Preparation of samples fo analyses: After 48-heyrsfeuliyre, the medium is centrifuged at 6500
agitation (250 rpm) for 24h.
e Conditions of culture of the strain Saccharomyces

15 cerevisiae 3053-E000
The culture is formed from an inoculum (1.10° UFC/ml) of the
pre-culture described previously in 100 mL of YPG medium, at
pPH = 4 at a temperature of 37°C under agitation (250 rpm) and
according to the following conditions:

20 The cultures of Saccharomyces cerevisiae 3053-E000 were
monitored by absorbance measurements at 550 nm and by CPU
counting on YPG gelose plates.

¢ Addition of selenium in the form of sodium selenite
The concentrations tested for the addition of selenium

25 selenite are 0.5 mg/L, 10 mg/L and 20 mg/L in selenium
equivalent, i.e. respectively: 1.1 mg/L, 22.22 mg/L and 44.44
mg/L of sodium selenite.

The graph of figure 1 makes 1t possible to visualise the
growth of the strain Saccharomyces cerevisiae 3053-E000 in the

30 presence of different concentrations of sodium selenite. As
may be observed, sodium selenite begins to show a toxic effect
from 10 mg/L (in selenium equivalent), negatively affecting
the rate of growth and the yield of biomass obtained (- 50% in
48h) .

35 At a concentration of 20 mg/L (in selenium equivalent), sodium



20 rpm for 5 minutes the cell pellet is taken up in physiological water then centrifuged again at 6500

rpm for m/e(%é%né-&ej;mld cell pellet is lyophilised for the anaIyF@ro/fEsEgi y?‘b%q[ guents (total

selenlum se eno and 25sodium selenite). Analysis of selenium consfi the yeast
Saccharomyces cerevisiae produced in a medium containing 2-hydroxy-4-methylseleno-butanoic acid
or sodiurs setenites30Theotal seleniunds assayedbyr KGP caujpled to.amass detestion.iaftar
mineralisation of the sample. The speclatlon of the selenium is carried out by high performance liquid

chromatography oot 2 &E-FaleRitRidh, s FEMAt AGeansrehiRiife (Master,

Z. et al. (2006)3ppn Bieanal sChemy 385:468-180). Results WO selenomethionine
2010/023291PCT/EP2009/061165 The concentrations of total selenium, selenomethlonlne and

sodium selhite’are gl frv theZfollBiley tabld? T&kIE & andAn%@/s@@f delertiim E6mPpBREAtS of the
yeast Sagcharomyses Scerevisiag3953-EQ0Q produced inngPG, medium with aditivgs T, Tatah

seleniuma Total selenomethionineaTaotal Selenomethionine/ selenium Selenitea Cen-6

50 mg/L of selenomethionine
The graph of figure 2 makes 1t possible to visualise the
growth of the strain Saccharomyces cerevisiae 3053-E000 in the
presence of different concentrations of selenomethionine. As

10 may be observed, selenomethionine begins to show an effect
from 2 mg/L (in selenium equivalent) negatively affecting the
yield of biomass obtained (- 29% in 48h). The increase of the
dose to 10 mg/L (in selenium equivalent) produces greater
inhibitor effects on the rate of growth and the biomass yield

15 (- 50%) without affecting all the same the viability (- 30%).
For 20 mg/L of selenomethionine (in selenium equivalent), the
effects are similar to those obtained for 10 mg/L as regards
the rate and the final biomass yield, the toxic effect on the
viability being shown more strongly (- 50%).

20 e Addition of selenium in the form of 2-hydroxy-4-

methylseleno-butanoic acid

The concentrations tested for the addition of 2-hydroxy-4-
methylseleno-butanoic acid are 0.5 mg/L, 2 mg/L, 10 mg/L and
20 mg/L in selenium equivalent, 1i.e. respectively 1.25 mg/L, 5

25 mg/L, 25 mg/L and 50 mg/L of 2-hydroxy-4-methylseleno-butanoic
acid (THD-177, Tetrahedron, France, CAS: 873660-49-2).
The graph of figure 3 makes 1t possible to visualise the
growth of the strain Saccharomyces cerevisiae 3053-E000 in the
presence of different concentrations of 2-hydroxy-4-

30 methylseleno-butanoic acid. As may be observed, the 2-hydroxy-
4-methylseleno-butanoic acid begins to show an effect from 10
mg/L (in selenium equivalent) negatively affecting the final
biomass yield (-15%) and in reducing the viability by 36%. For
a concentration of 20 mg/L of 2-hydroxy-4-methylseleno-

35 butanoic acid (in selenium equivalent), the biomass yield is

reduced by 36% and the viability is reduced by 50%.



0.17+ 0.02 C . )58D. <0.02 + Selenite (10 mgSe/L) 849 +12 122 + 1 14% 14 + 1 + THD 177 (20

mgSe/L) ?ﬁ}l}gf@%z g}ﬁl% 3.3+0.1 a: pg (Se eguivalent)/g The 'i?évHI}EP%%B% éﬁq%réed in table 1

show that the

e Enrichment with selenium of Saccharomyces cerevisiae
In light of the results obtained previously for the biomass
production of the strain Saccharomyces cerevisiae 3053-E000,
the choice of an incorporation rate of 20 mg/L of 2-hydroxy-4-
5 methylseleno-butanoic acid (in selenium equivalent) and an
incorporation rate of 10 mg/L of sodium selenite (in selenium
equivalent) in the cultures described hereafter was made:

Pre-cultures: from a culture saturated with YPG, two pre-

culture steps were carried out.

10 Pre-culture 1: 10 mL of culture (inoculation rate 10% v/v from

the saturated culture, incubation 24h at 37°C)

Pre-culture 2: 100 mL of culture (inoculation rate 10% v/v

from the pre-culture 1, incubation 24h at 37°C)

Culture: from the pre-culture 2, 1 L of YPG medium 1is
15 inoculated at a rate of 10% v/v. The culture is incubated at a

temperature fixed and regulated at 37°C. The pH is adjusted to

4 and the culture is mixed by orbital agitation (150 rpm).

Preparation of samples for analyses:

After 48 hours of culture, the medium is centrifuged at 6500
20 rpm for 5 minutes, the cell pellet is taken up 1in

physiological water then centrifuged again at 6500 rpm for 5

minutes.

The humid cell pellet 1is 1lyophilised for the analysis of

selenium constituents (total selenium, selenomethionine and
25 sodium selenite).

* Analysis of selenium constituents of the yeast
Saccharomyces cerevisiae produced in a medium
containing 2-hydroxy-4-methylseleno-butanoic acid or
sodium selenite

30 The total selenium is assayed by ICP coupled to a mass
detection, after mineralisation of the sample. The speciation
of the selenium 1is carried out by high performance liquid
chromatography coupled to a mass-mass detection, after
enzymatic digestion of the sample (Master, Z. et al. (2006)

35 Annul.Bioanal. Chem. 385:168-180).

e Results



10 incorporation of 2-hydroxy-4-methylseleno-butanolc and in the culture medium makes it possible to
enrich by g f r.of 3500 the total selenium content of Sacc? ereyisi

selenomet |?r§r?é’%8%r§%§ ing 31% of this total selenium. Sodium se gg@#ﬁ%@@g&. e to have a
higher 15enrichment factor, of the order of 5000, but selenomethlonine only represents 14% of the
total seleniwn coptemnkuiharsiore, $te residual seleniteanient, 4o the yeastrSaseharomyees
cerevisiae, linked to the use of 2-hydroxy-4- methylseleno-butanolc and_as selenium source, is more
than 4 20tiRTes BsE & that cBfresgdndifg 16 thtg1 ﬁseg 8£ %8&‘fflﬁﬁgse§§[‘}%eeés selenium source.
2-hydroxy-4-methylseleno-butanolc and thus Indeed constitutes a better selenium source than sodium
selenite for enriching with selenomethlonine a é@&kgatk micro-organism such as 25Saccharomyces
cerevisiae, while reducing by, 49Q%;the risk,af toxicitlinkeddedhe desidual selenite gontent in the
micro- WO 2010/023291PCT/EP2009/061165 organism. Example 2: Production of the bacterium
Laétobacillu§ pardcasérin ésR/WSW&QUﬁ%ﬁﬁagl@hygﬁ)x?ﬁgﬁéﬁhﬁéélénéﬁ%%ﬁéﬁ Sacid and in
a MRS medium containing sodium selenite Isolation of the strain Lactobacillus paracasei 3052 E000
The strainwas lsolated from a tube of ACTIMFEL O sold by the 10Danone Company This tube was
kept in the refrigerator at|T2€3efore USE tRén its contents werREdiftited #1156 PR BElquid MR
medium.| The strain of Lactobagillus, paracesebaRa2:E9Q9 wasehtainedby-spreading on MRS medium
in Isolatgd colonies. It wags 15 characterised on a Galerle API|50 CHL and placed in collectigrn at -80C
with addition of 10% vol/Yol of glycerollas cryoprotective agent. Composition and E%b%?étﬁ for 1L of

MRS megdigm: 2alypeptpneiQg + 0.053 + 0.006

UJ

- <0.02

0.02
+ Selenite

849 £+ 12 122 + 1 14% 14 + 1
(10 mgSe/L)
+ THD 177

c01 £ 15 (185 £+ 21 31% 3.3 £0.1
(20 mgSe/L)

a: ug (Se equivalent) /g

The results obtained reported 1in table 1 show that the
10 incorporation of 2-hydroxy-4-methylseleno-butanoic acid in the
culture medium makes it possible to enrich by a factor of
around 3500 the total selenium content of Saccharomyces
cerevisiae, selenomethionine constituting 31% of this total
selenium. Sodium selenite makes it possible to have a higher
15 enrichment factor, of the order of 5000, but selenomethionine
only represents 14% of the total selenium content.
Furthermore, the residual selenite content, in the yeast
Saccharomyces cerevisiae, linked to the use of 2-hydroxy-4-
methylseleno-butanoic acid as selenium source, is more than 4
20 times less than that corresponding to the wuse of sodium
selenite as selenium source.
2-hydroxy-4-methylseleno-butanoic acid thus indeed constitutes
a better selenium source than sodium selenite for enriching
with selenomethionine a eukaryote micro-organism such as
25 Saccharomyces cerevisiae, while reducing by 400% the risk of

toxicity linked to the residual selenite content in the micro-



20Yeast extractbg Meat extractlOg Glucose20g Dibasic potassium phosphate 2g Sodium acetate5g
25Ammow81r38§€1}§%%%§gnesium sulphate0.20g Manganese SUlp%%tFZE%%EWfSEﬁO%m pH6.4
30In this experiment, the growth characteristics of the bacterium Lactobacillus pafacasel were
measured in the presence of different concentrations of selenium in the form of sodium selenite,
selenomethipiniiiesr2-hydroxy-4- methylseleno-butanoic acid and compared with the growth
35characteristics in the absence of additives. WO 2010/023291PCT/EP2009/061165 Pre-culture of
the strain Lactobacillus paracasei 3052 EO0O The pre-culture of the strain Lactobacillus paracasei
3052- EEREmpeakicz .ok rodudd IR Safiedihe, hh 42Erivitino Wiaaigpbiien Idnid hpd hedasisie of the
bove i B oRE LRy oo S 08 o A A ATGRRy D fene bl Ealoi%

5 acid and in a MRS medium containing sodium selenite

¢ Isolation of the strain Lactobacillus paracasei 3052

EOO0O0

The strain was 1isolated from a tube of ACTIMEL® sold by the
10 Danone Company.
This tube was kept in the refrigerator at +4°C before use,
then its contents were diluted in 50 mL of liquid MRS medium.
The strain of Lactobacillus paracasei 3052-E000 was obtained
by spreading on MRS medium 1in isolated colonies. It was
15 characterised on a Galerie API 50 CHL and placed in collection
at -80°C with addition of 10% wvol/vol of glycerol as
cryoprotective agent.

Composition and preparation for 1L of MRS medium:

Polypeptone 10g
20 Yeast extract 5g

Meat extract 10g

Glucose 20g

Dibasic potassium phosphate 2g

Sodium acetate 5g
25 Ammonium citrate 2g
Magnesium sulphate 0.20g
Manganese sulphate 0.05g
Tween 80 Iml
pH 6.4
30 In this experiment, the growth <characteristics of the

bacterium Lactobacillus paracasei were measured 1in the
presence of different concentrations of selenium in the form
of sodium selenite, selenomethionine, 2-hydroxy-4-
methylseleno-butanoic acid and compared with the growth

35 characteristics in the absence of additives.



pH = 6.4 and at a temperature of 42C (without agltatlon). The cultures were monitored by absorbance
measure and CFU counting carried out on MRS nfd ' selenium in
the form Wsﬁgh?ggé%? The concentrations tested for the additio% 0 se?e?r%go&j s%%rri]% are 0.5
mg/L, 2 mg/L, 10 mg/L and 20 mg/L in selenium equivalent, 1.e. respectively 1.11 mg/L, 4.44 mg/L,
22.22 mg/L and 48-tdgiltaksodssm selenitet fhergrapicaldignsg 21uakesdi-aestsele tavisaalise the
growth of thestraiE tobacillus paracasei 3052-E000 in the presence of sodium selenite. As may be
observed, sodiumselenite begins to show an 20 inhibitor effect on the growth of Lactobacillus
paracaser fromhe additionof 0.5Mgthof soditn rseleaite (b selehium egulvalenaheas welbas a
reduction_ipn the biomass production yield of 25% a 4%{{. These effects are accentuated with the
addition rgfgft Englesof g%&igﬁweéjeleonlft% (iﬁnseleﬁ%l?nl(équ ve%len%e,dﬁéntnd atfain afgadgu’ctio“ﬁliif’lhy?éjl%
reaching £9% at 48h forf canceédtnatiofef 1Oudndi2e mgfL of seleritimesielenite (ihdsteniumu s
equlvalent), At these. le sadium selenite shows a toxicity on Lactobacillus payacasei ition of
celenu R RS P ator SO R RO 30 The Senc AratobS st ot (8 Seion b 10
selenométhifofine aref.5 g/l @ry/lR 19mg/ltant: 20 mgllO ih selenidm dgGivalkedt, Uhe. respectively
125 mo/k5 mgll (25 gl and SO.Mal, ol sglenampeihloning, ., I araph of fure 5 makes it
possible to visualise the 35growth of the strain Lactobacillus paracasei 3052-E000 in the WO
2010/023294 PCTIER2609/06 LE6Sesence of differeint comcantations ef.seleasimetidn|’e.The
aggition of selenjupin tlgglgqlrglggsecjgggq}ggﬁlgﬂlge(gjrpeﬁﬁotlg@g\yeqn inhibitor effect on the growth,
or a noticeable effect of reduction’in the biomass production yield up to 20 5mg/L (in selenium
equivalent) on Lactobddiltis paradasee laddivon bh stkeiufe mmtieffosedifumh pdrbepite
methylseleno-butanolg acid, The sencenttafions teaed for fhe addition of.2-hydrPxY-421 o1

selenite are 0.5 mg/L, 2 mg/L, 10 mg/L and 20 mg/L in selenium

equivalent, i.e. respectively 1.11 mg/L, 4.44 mg/L, 22.22 mg/L

15 and 44.44 mg/L of sodium selenite. The graph of figure 4 makes
it possible to visualise the growth of the strain

Lactobacillus paracasei 3052-E000 in the presence of sodium

selenite.
As may be observed, sodium selenite begins to show an
20 inhibitor effect on the growth of Lactobacillus paracasei from

the addition of 0.5 mg/L of sodium selenite (in selenium
equivalent), as well as a reduction in the biomass production
yield of 25% at 48h. These effects are accentuated with the
addition of 2 mg/L of sodium selenite (in selenium equivalent),
25 to attain a reduction in vyield reaching 90% at 48h for
concentrations of 10 and 20 mg/L of selenium selenite (in
selenium equivalent). At these levels, sodium selenite shows a
toxicity on Lactobacillus paracasei.
¢ Addition of selenium in the form of selenomethionine
30 The concentrations tested for the addition of selenomethionine
are 0.5 mg/L, 2 mg/L, 10 mg/L and 20 mg/L in selenium
equivalent, 1i.e. respectively 1.25 mg/L, 5 mg/L, 25 mg/L and
50 mg/L of selenomethionine.
The graph of figure 5 makes 1t possible to visualise the

35 growth of the strain Lactobacillus paracasei 3052-EQ00 in the



methylseleno-butanolc and are 0.5 mg/L, 2 mg/L, 10 mg/L and 1020 mg/L in selenium equivalent, 1.e.

respectiv&&réﬁa?hdz(?%é g/L, 25 mg/L and 50 mg/L of 2-hydroxy-ﬂ58&eé%¥|r%gﬁggo%{t% Ilc and

(THD-177, ron, France, CAS :873660-49-2). The graph of figur it possible to
visualise the growth of the strain Lactobacillus paracasei 3052-E000 in the
presencesfdiferericantentrationsof2-nhydr@emnd-raethytselerfo-butanedenand. ilorai manner similar to

the addition of selenomethlonine, the addition of selenium in the form of 2-hydrqoxy-4-methylseleno-
butanolc S8 G508 hot SHoi an RS Biebt o o &Yoain b GAARAREE St BFrelieton in the
biomass pradusetienvyield upria 20imght. of 2fhydroxysd-methytsetendhutanolaand(in seleniwn

equlvalent)ﬁgn order%o %omplete the study %‘ thgir&gact of th%gdgliyon of

2-hydrox§- -r%%%y%elen%- uucfgrllglré aﬁa, aﬁ e|gher vaﬁfe%, fSrcon%entlrgﬁon\éioeflﬂ) and Gtooméﬁ_ were

tested under the(samesbaditionseasprexibesly) Asrfolthetaddition 61:20 pgy/k of selenium in the form
of 2- hydroxy-é}-n%aégylié?leno-bus__anolc zind, no inhibitor effect was observgd og_t e growth gnd the
biomass yield of EH0™30 ParichRfert WithSeléiflum o iactoﬁﬁlc'?llIusoparacasé‘lr i ?lffpft of the
results obtained pnetibydlygetherchditeahari mcagiatation rate of 60 mg/L of

2 hydroxyf-melilselenobutanolc and (ip selenium equivalen) and.an incorberation rate o, L mglL of
selenium se?enfe In Selenium equivalen was madé ?or t‘?we proaugtlon of biomass of the strain

Lactobaailkisiparaedsei 8-052:E000c W 2016/023Z0.1P CigER2009/@61/1165 Préparation efisamples
foﬂﬁnawéﬁﬁﬂmg/L in selenium equivalent, i.e. respectively 1.25 mg/L, 5
mg/L, 25 mg/L and 50 mg/L of 2-hydroxy-4-methylseleno-butanoic
acid (THD-177, Tetrahedron, France, CAS :873660-49-2).
The graph of figure 6 makes 1t possible to visualise the
growth of the strain Lactobacillus paracasei 3052-E000 in the
15 presence of different concentrations of 2-hydroxy-4-
methylseleno-butanoic acid.
In a manner similar to the addition of selenomethionine, the
addition of selenium in the form of 2-hydroxy-4-methylseleno-
butanoic acid does not show an inhibitor effect on the growth
20 or noticeable effect of reduction in the biomass production
yield up to 20 mg/L of 2-hydroxy-4-methylseleno-butanoic acid
(in selenium equivalent).
In order to complete the study of the impact of the addition
of 2-hydroxy-4-methylseleno-butanoic acid, at higher wvalues,
25 concentrations of 40 and 60 mg/L were tested under the same
conditions as previously.
As for the addition of 20 mg/L of selenium in the form of 2-
hydroxy-4-methylseleno-butanoic acid, no inhibitor effect was
observed on the growth and the biomass yield of the strain.
30 e Enrichment with selenium of Lactobacillus paracasei
In light of the results obtained previously, the choice of an
incorporation rate of 60 mg/L of 2-hydroxy-4-methylseleno-
butanoic acid (in selenium equivalent) and an incorporation
rate of 1 mg/L of selenium selenite (in selenium equivalent)
35 was made for the production of Dbiomass of the strain

Lactobacillus paracasei 3 052-E000,



After 48 hours of culture, the medium is centrifuged at 6500 rpm for 5 minutes, the cell pellet is taken

up in phyﬁ élien centrifuged again at 6500 rpm for 5 5@8&1 E%zwez&&ggielenium
[

iolagical

constitueng %?Jt%%e/\t?‘z?c?gnum Lactobacillus paracasei produced in a medium containing 2-
hydroxy-4-methylseleno-butanoic acid or sodium selenite The total selenium is assayed by ICP
coupled teramass tllodetecticnmites mineralisatian,ekihe sample. The speciation of the selenium is
carried out by higg erformance liquid.chromatography coupled.to a mass-mass detection, after
enzymatic digésti r%) ohﬂér aniple. “ReSUIES15 eco%%goﬁffgltiojni of Totar dei8itim, %&erggﬁu thionine
and sodiumprselenide aresgiven inuthe Sollowing tables Tableg®: Anatysisicf seleaisn components of the
bacterium Lactobacillus paracasei 3052-E000 produced in MRS mediu ith, additives 20 Total
seleniumE A SORAG Mot ncien SdnomEih i ot SabhurT eob0 Hev s £5r 18

5 minutes.

* Analysis of selenium constituents of the bacterium
Lactobacillus paracasei produced in a medium containing 2-
hydroxy-4-methylseleno-butanoic acid or sodium selenite

The total selenium is assayed by ICP coupled to a mass

10 detection, after mineralisation of the sample. The speciation
of the selenium 1is carried out by high performance liquid
chromatography coupled to a mass-mass detection, after
enzymatic digestion of the sample.

* Results

15 The concentrations of total selenium, selenomethionine and
sodium selenite are given in the following table:
Table 2
Analysis of selenium components of the bacterium Lactobacillus

paracasei 3052-E000 produced in MRS medium with additives

20
Total Total Seleno|Selenomethionine/|[Selenite®
selenium® methionine® |Total selenium
0.108 =
Control 0.18 = 002 - <0.02
0.006
+Selenite
120 + 2 17 £ 2 14% <0.5
(1 mgSe/L)
+THD 177
1019 + 19 671 + 117 66% <0.5
(60 mg/L)
a: ug (Se equivalent) /g
The results obtained in table 2 show that the incorporation of
2-hydroxy-4-methylseleno-butanoic acid into the culture medium
25 makes it possible to enrich by a factor of around 5700 the total

selenium content of Lactobacillus paracasei, selenomethionine



Selenitea Control 0.18002 0.108+ 0.006 <0.02 +Selenite (1 mgSe/L) 120 + 2 17 + 2 14% <0.5 +THD

177 (60 'RS/LQ&?P&?OJZ%EZPN 66% <0.5 a: pg (Se eguivalent)/g T%&e&%ﬁgaigggliggable 2 show

that the incorporation 6

constituting 66% of said total selenium. The enrichment factor
with total selenium following the incorporation of sodium
selenite in the culture medium is very inferior and is only 700,
and selenomethionine only representing 14% of the total selenium
5 content.
2-hydroxy-4-methylseleno-butanoic acid thus indeed constitutes a
better source of selenium than sodium selenite for enriching
with selenomethionine a prokaryote micro-organism such as

Lactobacillus paracasei.

10 Example 3: Production of the bacterium Lactobacillus plantarum

3120-E000 in an MRS medium containing 2-hydroxy-4-

methylseleno-butanoic acid after 47h of culture

In this example, the culture conditions are identical to those
of example 2. The results corresponding to these works are

15 described in the following table:

Table 3

Analysis of selenium components of the bacterium Lactobacillus

plantarum 3120-EOOO produced in MRS medium with additives

Total Total Selenite*
selenium’ selenomethionine®
Control 0.289 £+ 0.014 ]0.26 + 0.03 < 0.2
+THD 177
582 + 14 512 + 35 0.27 £ 0.03
(10 mg/1)
+THD 177
2015 + 78 1813 + 152 1.4 + 0.4
(60 mg/1)

a: ug (Se equivalent) /g

20 The results obtained in table 3 show that the incorporation of
2-hydroxy-4-methylseleno-butanoic acid into the culture medium,
at 10 mg/L or at 60mg/L, for 47h makes it possible to enrich
with total selenium by a factor of around 2000 or 7000
respectively. These results show moreover that selenomethionine

25 constitutes more than 88% of the total selenium.



2-hydroxy-4-methylseleno-butanoic acid into the culture medium 25makes it possible to enrich by a
factor of %‘?)Yé@z%% tal selenium content of Lactobacillus par, I.sel ionine WO
2010/02 ;% / %%61165 constituting 66% of said total se|§r§%ﬁﬁ%%8§2§cﬁ2§r% factor with
total selenium following the incorporation of sodium selenite in the culture medium is very inferior and
is only 7@k anplselenomethindinerably repfesendNgBddt ot ihanotaksglerisghieonesli WT

iolzjyl/ﬁi rrr?x Ie_{lo_-bn?1 acdlthus eed o ) |usets[sqef %e.l u Irpet)han
Lactobacdis tpaiadarei. 2Hpdmnaepie 34 Anediictibsedfdhe Haateainei taciobhdcibiftplan®8hmo £
3120-E0%QJ an MRS medium containing 2-hydroxv-4- methylseleno-butanoic acid after 47h of culture
In this exam&,—rt-ﬁe culture conditions are identical to those of example 2. The regmlts chi-responding
to these works are described in the followin%table: Table 3 Ana%?is of selenium components of the

bacteriun AStoBECAE pRiitariim FL20PEB00 Srodttea i MRS Mediim it atifitiVes STIAP

selenium3diatakselenonethinsine8iSelentte’ i K12 (strain 58), CGSC reference
number 5587

Composition and preparation for 1L of culture medium:

KH,PO,4 13.6 g
10 KOH 4.2 g
(NHg) 2S04 2.0 g
FeS04, 7H,O 1.08 mg
Thiamine 1 mg
MgSQO4, 7TH20 246 mg
15 Glucose 4.0 g
Methionine 50.0 mg
pH 7.0
Reverse osmosis water, QS 1L

The results corresponding to these works are described in the

20 following table:

Table 4

Analysis of selenium components of the bacterium Escherichia
coli WT 3121-E000 produced in minimal medium (M63 + glucose +

methionine) with additives

Total Total Selenite®
selenium® selenomethionine®
Control 0.164 £+ 0.140 |0.140 £ 0.018 <0.1
+THD 177 6310 + 78 6223 + 432 2.1 + 0.4
(60 mg/L)

25 a: ug (Se equivalent) /g



Control 0.2890.014 0.260.03 <0.2 +THD 177 (10 mg/1) 582 + 14 512 + 35 0.270.03 +THD 177 (60

mg/1) 20%87%_4.9?&%%2%@;{%.4 a: ug (St, equivalent) 20The resuIL§8QZﬁB%% &I}.d_é_ﬂ'\é%\% show-L.

the thgcrpora roxy-4-methylselenowbutanolc acid into the culiure medium, at'10 np/L or at

60mg/L, for 47h makes it possible to enrich with. total selenium by a factor of around 2000 or 7000

respectivelye These resulisishoinnmereaver ratseleubmsthionine 23constittiesmose than 3% of the

total selegi_ m WO 20 9/0235311'“2(: /EP2009/0611,65 Example 4: Production_of the bacterium
BT 121000 T

Escheric iRitmal hiediohT (174563 +'Gluddse +Metismind)S Sontaining
2-hydroxy-4-nééthvisgleno-tiwtancic acidakies 48tof coligidole to enrich with total

selenium by a factor of more than 38 000. These results show
5 moreover that selenomethionine constitutes more than 98% of

the total selenium.



5The origin of the strain Escherichia coli WT 3121-E000 is the 10

followingﬁcggi;ﬁlzﬁg %%E%

1L of culture me

2(strain58),CGSCreference number 558 ;%%ag ?—?218 paration for
D04 KOH (NH4) 2S04 FeS04,7H20 Thé{ﬁr{eE g 8?1@ gglucose

Nett-110=e pH Reverse osmosis water,QS 13.6 4.2 2.0 1.08 1 mg 246 4.050.0 7.01Lgggmgmg g

mg

10

15

20

CLAIMS

1. A method of enriching a non-photosynthetic micro-

organism with organic selenium characterised in that said non-

photosynthetic micro-organism 1is cultivated in a medium

comprising a compound of seleno-hydroxyacid type.

2. The method according to claim 1, characterised in that

the compound of seleno-hydroxyacid type is of general formula

(I) as defined hereafter, a salt, a stereoisomer, a mixture of

stereoisomers in all proportions such as a racemic mixture, or

an ester or amide derivative of said compound

O

(0),
Se
~ \/\)\RQ

R I o

formula in which:

n=20, 1 or 2;

R; = OH, OCOR3, OPO3H,, OPO3R4Rs or ORg;

R, = OH, Rs, NHR7, S-cysteinyl or S-glutathionyl;

it being understood that when n = 1 and Ry, = OH, then R; cannot

be OH;

Rz = alkoxyl, ceramide 1, ceramide 2, ceramide 3, ceramide

4, ceramide 5, ceramide 6a and 6b, S-cysteinyl, S-glutathionyl,

or a group chosen from the following:

NH, NH,
H 0 CH
0] (C 2)14\CH3 \)\/\\\/( 2)12\CH3
OH OH
NH, H
(0] CH, OH O

(CHZ)g \_/I\/OH \ ;‘/J\/COOH
OH © N



The results corresponding to these works are described in the 20following table: Table 4 Analysis of
seleniumi&s) e e bacterium Escherichia coli WT 3121-EQE%]F W& in minimal medium
(M63 + g UC(r)%%q:g) &%ﬁ%éﬂle) with additives Total seleniuma Total sé gnometﬁ|go)rl1qr€elall11 elenitea
Control 0.1640.140 0.1400.018 <0.1 +THD 177 (60 mg/L) 631078 6223 432 2.1+0.4

OH

MeO P H

MeO

OR; = alkoxyl (C1-Cy¢), ceramide 1, ceramide 2, ceramide 3,
ceramide 4, ceramide 5, ceramide 6a and 6b or a group chosen

from the following:

NH, NH

2
CH
O\\//L\T/JCHQH\CHS ONw/J\\T/AQQ/A Qu\CHS

OH OH

] s

NH OH

2
0 CH OH ]
R AN S
0 OH N CO0

OH



WO 2010/023291PCT/EP2009/061165 The results obtained in table 4 show that the incorporation of
2-hydroxy-4- -butanolc and in the culture medium, at 6 / it possible to
enrich Wiﬁ]oto?giyggg%g%y a factor of more than 38 000. These reogﬁ?s/‘sqggv@@%?é%%@egsthat
selenomethlonine constitutes more than 98% of the total selenium. WO
2010/023291PCT/EP2009/061165 CLAIMS 1. A method of enriching a non-photosynthetic
microorganism with organic selenium characterised in that said non-photosynthetic micro-organism is
cultivated in a medium 5comprising a’sompound of seleno-hydroxyacld type. 2. The method

orppound of seleno-hydroxygcld type is of general
' stereolsomer; a mixture of stereglsomers in all proportions
winch: n =0, 1 or 2, Ri~{ R3O
or S-glutathlonyl; 1
OH

D
©

~0P0O3H2, 0PO3R4R5 or OR6; 15R2 =

, R7,S-cystelnyl
arstood that when n=1 and R2 = OHﬂﬂen R1

ot be OH;

HO 0

OH
MeO P H

N NS N
MeO

or 0

ORs = alkoxyl (C1-Cy¢), ceramide 1, ceramide 2, ceramide 3,
ceramide 4, ceramide 5, ceramide 6a and 6b or a group chosen

from the following:

NH, NH,

0] CH
O (CHﬂuxCHs A Qu\CHS

OH OH
OH

CH
OH N COOH
OH © ~



R3 = alkoxyl, ceramTde 1, ceramTde 2, ceramTde 3, ceramTde 4, ceramTde 5, ceramTde 6a and 6b,
S-cystel é% #) g%%@/ 200r a group chosen from the following: EL#?E ? IagH NH2 OH
ychiOH g){ glﬁ? 4’1 OR4 = alkoxyl (C1-C26), ceramide 1, cga [ g%,gé_é alldrr%i%% , ceramide
4, ceramide 5, ceramide 6a and 6b or a group chosen from the following: OHOH NFL OH OHO

(CH2)13 50HOHCOOH ORS5 = alkoxyl (C1-C26), ceramide 1, ceramide 2, ceramide 3, ceramide
4, ceramide 5, ceramide 6a and 6b o roup chosen from the following:

HO

HO OH

OH
MeO e H
10
MeO
@] or O’
OR¢ = pyruvate, lactate, <citrate, fumarate, maleate,
myristate, palmitate, stearate, palmitoleate, oleate,

linoleate, a residue of natural fatty acid or 13-cis
5 retinoate;
NHR; = NH;, NH-alkyl (C;-Cy¢), a residue of natural amino

acid or a residue of natural amine.



NH2 OHOH NH2 OH OH ORG6 = pyruyate, lactate, citrate, fumarate, maleate, myristate,

palmitat itoleate, oleate, linoleate, a residue of natur, (d or, 13-cis Sretinoate;
NHR7 :eRﬁZ , -/ﬁ?ﬁ%g%C%), a residue of natural amino acid or%ﬁgﬁggégé%%%a?mine. e
2010/023291PCT/EP2009/061165 3. The method according to la= 1 or 2, characterized in that
said compound ®f selesorhydrexyaglddypa cogesponrdsstonthe fellowing formida flay:iQEbora salt, a
stereoisomer or a mixture of sterepisomers in all proportions such as a racemic mixture, an ester or an
amide therddF, with 1y asG8REd Sreioushy afd %F(i% i Y&t Sentifg . corresppdindiRod

according teeamy df claimsy 110 3nilDeharaeierised in that said compound of seleno-hydroxyacld type is
chosen from: L-2-hydroxy-4-methylseleno-butanolc and, D-2-hydroxy-4-methylseleno-butanolc and,

(@]
(&N
Se
- OH
OH
(Ia),
5 or a salt, a stereoisomer or a mixture of stereoisomers in all

proportions such as a racemic mixture, an ester or an amide
thereof, with n as defined previously and ©preferably

representing 0.

4. The method according to any of claims 1 to 3,
10 characterised in that said compound of seleno-hydroxyacid type
is chosen from:
- L-2-hydroxy-4-methylseleno-butanoic acid,
- D-2-hydroxy-4-methylseleno-butanoic acid,
- D,L-2-hydroxy-4-methylseleno-butanoic acid,

15 or a salt thereof.

5. The method according to any of claims 1 to 4,
characterised in that said compound of seleno-hydroxyacid type

is in the form of calcium, zinc or magnesium salts.

6. The method according to any of claims 1 to 5,

20 characterised in that the non-photosynthetic micro-organism is
selected from a non-photosynthetic yeast, such as a yeast of the
genus Saccharomyces, or a non-photosynthetic bacterium, such as

a lactic bacterium, especially of the genus Lactobacillus.

7. A non-photosynthetic probiotic bacterium enriched

25 with organic selenium, characterised in that it comprises a
selenomethionine content greater than 50 pgSe/g, preferably
greater than 100 pgSe/g and more preferentially greater than 500
pgSe/g in dry weight of said non-photosynthetic probiotic

bacterium.



D,L-2-hydroxy-4-methylseleno-butanolc and, or a salt thereof. 5. The method according to any
of claims_1.to 4, ised in that said compound of seleno-hydr %(ngi i t]} orm of
calcium, 1030 (13r éde%gr%&s?um salts. 6. The method accordinggto ny%o c aiz]dsei{ ((:6 , 20
characterised in that the non-photosynthetic micro-organism is selected from a non-photosynthetic
yeast, such as a yeast of the genus Saccharomyces, or a non-photosynthetic bacterium, such as a

lactic bacterium, especigliy of e genys Laglonagilus.o - op < LA cosphiatosypihelicaroblore

bacterium enriched 25 with organic selenium, characterised in that it comprises a selenomet

content greaterltham 50 pgSeA); préferalste greater thant100tpgSe/grantianbrecpreferdstiziygreater

than 500 pgSe/qg iy dry weight of said nonsphotasynthetic problotTc bacterium. WO
2010/023291PCT/EP2009/06116 8. The non-photosynthetic problotic bacterium according to

claim 7, characterised in that it is a lactic bacterium, especially of the genus Lactobacillus. 9.
The non-photosyntbeticrproblalic-hactersny aceerding b tolainitobd characterised Hythah i
comprises, mOéeo,ver less tfg]an 0.5 %, preferentiglly, less than 0.2 %, and more preferentially less than

0.2% in 4R Widight'of inBrgaic Stéditim: =~ 5= 15" Thetise bf aTBHRpRGGEYNMEHE Bioblstic
bacterium d8according to 2y of clasms&to=9, tasaproplotie; sespetially ir0a zosmetiephanmaeeutical or

nutritional product. | . 1. robio%i composition comprising a non- photosynthetic probiotic
bacteriuni %%c%r]aleﬁlgttloaaln%)y of%%?rﬁs %oaﬁ, IiF\E/jihéj or'dead. %& 1§.e'i'ﬁeg i;_f)rOB%ticlcnoorﬁ 5sition
according¢d elaimrl 1 for its use as pharmaceutical, cosmetic or nutritional composition. 13. A
culture medium for non-photosynthetic microorganism characterised in that it comprises a compound

of seleno-hydroxyacld type as defined in any of claims 1 to 5.
10. The use of a non-photosynthetic probiotic bacterium

10 according to any of claims 7 to 9, as probiotic, especially in

a cosmetic, pharmaceutical or nutritional product.

11. A probiotic composition comprising a non-
photosynthetic probiotic bacterium according to any of claims

7 to 9, living or dead.

15 12. The probiotic composition according to claim 11 for

its use as pharmaceutical, cosmetic or nutritional composition.

13. A culture medium for non-photosynthetic micro-
organism characterised in that it comprises a compound of

seleno-hydroxyacid type as defined in any of claims 1 to 5.



