VWC) 2010023384PCT/ FR2009/ 001044 1 Phot osynt heti c m croor gani sns
enriched in sel eniumusing sel enohydroxy acid conpounds, uses thereof
in nutrition, cosnetics and pharnmacy The invention relates to
the enrichnent of photosynthetic mcroorganisns in organi c sel enium

in particul nohydr oxy aci d conpounds, ’f’%‘R‘é 4
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168, 42%), i n therl’m' osymvlaesﬁsnof sellseepr otei nstiseich emgighuwent hi one
per oxi dase, ﬁ%ﬁ%?f& r%ﬂ%?ﬁ@§$aﬁ§gn§elfﬂ“”ﬁf&éﬂﬂ& Pselenium, in

Sel eni um def CI e ave been_reported in huymans, in particular in
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wei ght 1pSchramkde  derivatiye thdls, cnmppundpoprd 2659-49)the use of

Sel eniumis £@@n§h@%%&,&ﬁiﬂémd mlmo&gaﬁ&sm@rgnﬁBCeﬁelan@dlmr@@mﬁ
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sel enite or g:‘éllé te. é'sté‘oéidnﬁguﬁagm J:}(élc erth Itqmoclifumams and
nost ani mal s. Selenium idhe migawwtwmqu@@amémmnﬁnand

conpounds) apemaT &P ?ﬁle:%fglb@lé!lfw @&n%qamﬁrrs pﬁb@@fotmgul agul Byr
the WD 2010/ 023384PCT/ 009/ am no_aci d

L( +) - séPenonét i 67F nefeEEh) - ﬁé?ﬁyrselléﬁac:ystsgl ne ]ar‘rld 404-415). 1In
L(+)-sel enocyatelmglar, it péx)iSgharonetin oficefosmt hE bé#h-solewe-

of organic selepiymi %xhumgor tﬁ?mml%mmmmﬁuaymms apg a1,

5ani mal s are aut oxotrophic S _ani nQ a§| !n can be obt ai nfd
only throughAFﬁE dM%Qroblol 1997, 168, 421 in the biosynthesis o
selencproteins such as glutathione peroxidase,
20 thioredoxin reductase and selenoprotein P.

Selenium deficiencieg have been reported in humans,
in particular in the case of patients subjected ¢to
parenteral feeding over long perdiocds of time (Von
Stockhausen, H.B., Biol. Trace Elem. Res., 1988, 15:147-

25 155). A daily supplementation of 200 ug 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
as 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



Sel eni um shoul d therefore ideally be incorporated into food

suppl ements ained at treating or preventing a sel eniumdeficiency, in
this organic form 10lt has thus been possible to denonstrate that
suppl ementing the diet with L()-sel enonethionine is nuch |less toxic
and provi des heavailability than an intake ipe -Exkﬁuf

sodi um sel en})‘ﬁz%@m@?eﬁl C. et a/., J. of Trace Elem 0%@)?&44
2000, 13:367-380). 15Currently, netabol i< pathways for seI eni um

upt ake by living organisns other than those using inorganic selenium
mainly in the form Qf di el_eni nonethionLpg, ; s
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cont ai Bsng Sfé@@lé@@rm:ﬂm yeasuschayeabaeai tsesk | n t he pr evention

and treatnent of infla 5116’ athoI0|caI con t|o f %
retinopathies rel¥%ed P et & B ye}flp opEaisdus.

of 06.17. 199§¢1emmwﬁjdnmeemhd|mmﬂtamr(sm@pﬂ%s a:tn aknriphtegt
HUT060436 of .02 28, 19%‘%.)croorganisms in organic selenium using

inorganic selenium. Once enriched, these microorganisms

in

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

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

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



Bacteria, and nore particularly probiotic bacteria, have thensel ves
al so been the subject of seleniumenrichnment (Calome M et al.,
Biol. Trace Elem Res., 30 1995, 47, 379-383). Lactobacillus

aci dophilus, but also Lactobacillus reuteri, Lactobacillus

feri nt oshensi baci | | us buchneri/ parabuchn

at al., pat elrﬁo??g%gg%?g@ have been described as se?enl um enr| 091

f ood suppl enments. M xtures of probiotics® made up 350f yeasts and

| actobacilli, for the purpose of WD 2010/ 023384PCT/ FR2009/ 001044 4
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sel enohydr oxy aC| ave been describ I e Yfo I'éeGrr ve tés
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phot osynt hetic_m ¢croofgani sns I n organi c_sel enium usin
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retinopathies related to dlabetes (Craxry Ely J. patent

25 US5639482 of 06.17.1997), or which are cardiovascular
(Nagy P.L. et al., patent HUT060436 of 09.28.1992).

Bacteria, and more particularly probiotic bacteria,

have themselves also been the subkject of sgelenium

enrichment {Calomme M. et al., Biol. Trace Elem. Res.,

30 1995, 47, 37%-383). Lactobacillus acidophilus, but also

Lactobacillus reuteri, Lactobacillus ferintoshensis and

Lactobacillug buchneri/parabuchneri (Andreoni V. et al.,

patent US0258964) have Dbeen described as selenium-

enriched food supplements. Mixtures of probiotics made up

35 of vyeasts and lactobacilli, for the purpose of



Det ai | ed description of the invention The present application
relates to the obtaining of photosynthetic m croorganisns, that is to
say of mcroorgani sns, the gromh of which is dependent on a 10source
of energy fromlight. The term "m croorganism' is intended to
mean any | i vj ' | ar organi sm belonging to o

foll ow ng ki %@&ﬁ@’ﬁﬁéﬁ ra, protists, nycetes or pro o?%?gzh %{’\9%{5%
eukaryotic or prokaryotic cellular 15 stducture, of mcroscopic or
ultram croscopi c size, and having a netabolic and reproductive
potential. Said unicellular mcroorgani Sns y . L.ovol v i R
Pormt i on of SPEPERERTIS o B DR PR SMPalRY B8 LIRS % | 81 608ses
Pref er abl y, t HEpang oseheha@intn prioengafNdAB320L8c@dr A hd&-@0xee have
invention arg.gykaryQi+&y m croal gae, nore preferably Chlorophyceae of
the Chlorella genus,” or prokaryaqtic m croal gae such as anobacteri a,
preferably of thef®pFY&ili ndaortAr t RPBEDHI PF é‘ﬁﬁ%lf’EBirLﬁg{e‘n)?egﬁ’é\m‘“'

| atter a@re wehbkikhesn hdctdbosersiddd edaten theepated orf2dn benoggasid
as food sUPPLEERISy bt PArfhl Aind LSS Al RLIEAUOR hES: copmod e
term "organi ¢ 'seleni ur s itntended to_nean a collection of_nolecules
cont ai ni ng avspdasenehste onpoEAdiAYFRGSEETE ea%t S6ABNEEE eRPLRPAL ORFTN
its chemical i30 siHeUctatidsureapad&if bei ncHy odutetbdyyamilsms.ng The

organi sm such _as, in particular, t. i [ L QOLE
Tehyl ol enofyErarathiat it enatilhe A1eRELOR BEVERS TELILOG Mo
cont ai Aiéng t Betisfactory amounthe qFhoPBIFRLAets el SR IR s #8 ™t his

enriched in 33geheNitkd CBY BR=USBHaaS hicfl, @Jfferdsexdifned a nigh
additive. WO 20%0%?23384 CT/_FR2009/ 00(]5}%.14 The_‘%.can for. exanp
t

6 e
be dehydr at e§®§56%% CPEFmMeE RS SF e r MR N %eelainﬁlc%rf’poriéf'%la
i Nt o conposi thongpw@ste nge adea drmsEerors t he mhepaizdioidwil t canstoingd
products, but_gan also be used live as probiotics in food 5 product
transformati on processes, for the purpose,of obtaini exanpl.e

. ng, , f.or l.e,
ferment€d nil ks of™drifks. PYeviowssyppBELI6RE R prE‘é}gHSI?GFR/ent ggﬂe?:s
t heref ore a woveboepdtwrbd,ornergl chiganie photjosymishedt ¢ sailencbydankgm

|0 _sel enomet Dol BG-andhoL kaaekeRacyslal Be, A harAet ald 26040 as

t hat said photosynthetic m croorganismis culLtured in a culture .
medi um conpr PEEABTECEDnEBtinBhef S¥BFBRBRF dPEx Y (4¢r et§penethionine in
Preferably, tnbhrasemeantiodalsel enohydroxy acid type is a conpound of

general,formula (L), 0r; 8 ALeCUlzor o8 %éé&éth% YR AHME! ¥r80nic
ester 6F anide deFTVALTvVe g{q‘r}’éreok?. Eﬁf’
compounds of gelenohydroxy 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 selenohydroxy acid type makes it
possible to produce organic selenium free of inorganic
selenium, and also to solve the problems of toxicity

35 related to the prior art methods.



Se (I') inwhich formula: nis equal to O, 1 or 2; 20Rl is an OH,
OOOR3, O203H2, OPCEBR4R3 or ORE group: Ry is an OH Ry, NH127,
S-cysteinyl or S-glutathionyl group; it being understood that, when n
= 1 and Ry is OH then Rl cannot be OH R3 is an aIkoxyI ceranide 1,

ceram de 2, g iﬂ@z 425 ceranmide 4, ceramide 5, 6A0
6b, S-cysteinyl or S-glutathionyl group, or a group c osen Prom
fol | ow ng: Preferably, R3 is S-gbutathionyl group;

OR4 is a (Cl-C25) a 5ceramide 3, ceramde 4, group, or a group chosen

an al koxyl, S cysgg ?‘rom pﬁeﬁgkﬁma%gf%%ﬁ&% e Znr LA HEn°

or ceran1de 6a an
2010/023384P@$¥Fﬁ@@b@h@@f@lﬁ gn the food trade in the context of the

prevention or treatment  of selenium deficiencies, in
particular for the purpose of producing pharmaceutical,
5 nutritional or cosmetic products and compositions.

Detailed description of the imvention

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

io source of energy from light.

The term “microorganism” is 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 ultramicreoscopic size, and
having a metabolic and reproductive potential. Said
unicelliular microorganisms may be involved in the
formation of filaments or biofilms.

Preferably, the photosynthetic microorganisms

20 according to the invention are euvkaryotbic microalgae,
more preferably Chlorophyceae of the Chlorella genus, or
prokaryotic microalgae such as c¢yanobacteria, 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 least one selenium atom in 1its chemical

30 structure, capable of being produced Dby a 1living
organism, sguch as, in particular, the amino acids seleno-
methionine, methylselenocysteine and selenocysteine, orxr
peptides or proteins containing them.

The photosynthetic microorganisms thus enriched in

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



Preferably, OR4 is a (Cl-C26) al koxyl group; ORs is a (C1-
C26 ) al koxyl, ceramde 1, ceram de 2, ceram de 3, ceram de 4,
ceram de 5 or ceram de 6a and 6b 5group, or a group chosen fromthe
foll owi ng groups: WD 2010/ 023384PCT/ FR2009/ 001044 9 NH,NH OH ,0

CH. ) 14D. CH, +wHQ{16Mk3Rueferably, Rs is a (Cl-C26) abkﬁm@gm@w“
OR6 is a pyruvate, lactate, citrate, fumarate, maleate, nyristate,

pal mtate, stearate, palnitoleate, 5ol eate or linoleate group, a
natural fatty acids group or a 13-cis-retinoate group; R7 is

an Hor (C1 I g p, ur a or,~a at ural n
In formul a (%ﬁ ﬁo%%ﬂ SBEeeter“%ate aﬁ? 6}929?%%%1 got o&arregﬁ afcﬁﬂlegr

or cyclic, ofteHial PPWBeanshed, ot |}Qﬁ1a{41‘rc}9>rﬁ3loﬁél"-?ﬁatlé‘6°oFOmPOSlthHS
pol yfl uori natae;@,mgr oal@ cONntaisei Ngot tthe26 peapheat dbansmf andansformed

ol LY ar TR RO heRI 5o B P AR 10 1c8:80048 12EBoa
15propylstri fgru@nlgnret hy&tnﬂsfmaﬁ,nlorl i waloeapres, pafed t e purpose of
obtaining, for example, fermented milks or drinks.

A subject of the present invention is therefore a
novel method for enriching a photosynthetic micreoorganism
in selenomethicnine and/or in selenocysteine,

10 characterized in that said photosynthetic microorganism
is cultured in a culture medium comprising a compound of
selenchydroxy 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 G
il
S8 R,

S D

in which formula:

n is equal to 6, 1 or 2;

20 R; 1s an OH, OCORs, OPO3H», OPO;R4Rs or ORs group;

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

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

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

following:



the term"al koxyl" is intended to nean a linear or cyclic, optionally
branched, optionally fluorinated or WD 2010/ 023384PCT/ FR2009/ 001044
10 pol yfluorinated, group derived froma primary, secondary or
tertiary al cohol containing 1 to 26 carbon atons, and optionaIIy

conprising ORg %ggar bon- car bon doubl e bonds sy @105}?’@1044
exanpl e, nethoxy , oxyl, iso- 5 propoxyl, trrquoronet xyl,
I i nol eoxyl, I|noIenoxyI or palmitoxyl; 7 structures of radicals

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; he term"naturaky is intended tosqean any

correspondi ng found, |nmtbéjnagabohisn]oﬁxgﬁg?ng%nﬁhof t he
plant and aninal ‘wog} d, &nd also inlthat ofehumans (Sfegii'th W,
Ronpp Encycl opedi a Nat ural 15Pr oduct’s, G Thi ene ed. ); the term

"oligonmer"” is intended todngﬁbdany conpound \P by the |inking of
2 to 15 nononers connecte o~one ahot her by/ﬁegis/gﬁuan.ester type
bond; the term"polyner" is intended to nean any 20 conpound forned
by the linking of nore tkan 15 nonomers connected to one anet her by

means of an ester-ty bgnd. A orq tQ the invent onb sai d
conmpounds of formnu ,re prief er I n~the” form, ‘ym
salts, zinc sal ’ Agriesi um sal t |ch generally 25 mm it

possible to ohiaiz ter solubility in culture nedia, and 3Iso o
better assimlation by t he photosynthetic m croorgani sns. In
one preferred enbodi ment of the invention, the piotosynthetic
nlcroorganisntiu 2 the oroup 30 forng nophyceae and
Chl or ophyceae. 2 et | i

advant ageously s Iected frontcyanophyceae or Chl orbphyteae,
preferably chosen fromthe group formed by Chl orophyceae of the
Chl orel |l a genus and Cyajtoghyc of t Spirylina or Arthrospira
35genus. WD 2010/ 07 D940 4 e ention rel ates
nore particularly to se o

Preferably, Ry ig an alkoxyl, S-cysteinyl or
S-glutathionyl group;

OR; iz a ({C1-Cas} alkoxyl, ceramide 1, ceramide 2,

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

group, or a group chesen from the following:



of a compound of formula (1), chosen (or taken) from

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

D- 2- hydr oxy- 4- net hyl sel enobut anoi ¢ aci d, 5-

DL- 2- hydr oxy- 4- net hyl sel enobut anoi ¢ acid, or a salt of these
conpounds. onpounds are descrlbed in ap

2006/ 008190. WO zog&g?t%ggf the invention is also a pthggI%%Oﬁg/tﬂﬁ?%o
nlcroorganlsnlenrlched in organic seleni®ttm that can be obtai ned
according to the nethod of the invention. Such a m croorganism-
general l'y has an organi c sel eniumcontent of greater than 500 ppm

preferably greates tha 3000 ppm T e preferably gr'eafer than 2000
ppm on a 15 sel eni tm ¥quial ent Baggqf*aﬁﬂian pndhgénriw &&h eni um
content of less than 0 5% preferably:less tfHan 0. 2@6mand nor e
preferably less than 0.1% by dfy weight of said microorgani sm
Preferably, the invention r »to.the caseMwhdre Jhe

phot osynt heti ¢ m croorgani sm conpri ses 20 Ie§§ hanh 1.5% preferably

| ess than 0.5% nore preferably |less than 0.1% by mass of inorganic

seleniumrelative to theltétal—sel eniy Ig t her words, the
residues of seleniur @m, ganift fo e et | A~tdiey=e
phot osynt hetic 25 gt gani sns enr accordlng to the od of

the invention gens account for less than 1.5% of the total®™

sel eni um present | the m cr-oor gani snms, which genesally represents
| ess than 0. 5% of otal dry biomass (dry wei of sai d
m cr oorgani sm 30 i : . St par bef y o a photo-

synt hetic m croofrg sel eni Gpharacterlzed
in that the content, of sald m croorgani sm of seleniumin the form
of sel enonet hi oni ne repreeeuts pre tha SOWG erably nore than
70% nore preferablyxd ‘ 3 rare.preferably nore
than 90% by WD 2010/ QB33B4PCT/ RA0G1D of sel eni um
relative to the totalSelfentum present in said photosynthetic

m croorgani sm Such a prdportion of sel enonet hi oni ne represents a
consi derabl e and particul arly advantageous i nprovenent, in terns of
amount 5 and quaP¥¢§63€ﬁbbrgé?ﬂ4cieeﬁez‘i:urﬁzp)r SN In SLieep ;

M croorgani sm cogpared i t howket) W§§k@i)§'ﬁl nedrhnifibe 101 i @drakide 2,

I t | th ti | t
P pont aRereneaerdor rPouls i L hat it 861 (CELFuids e raneh

Chl or opisyceagmpuppabyas graferdisdsgrofrohethl Hekldeingermsyursnd in
that said mcroorgani smcontains a sel enonethionine content of
generally greater than 50 m crograns of sel eni um equi val ent per gram
(ggSe/g), preferably greater than 70 AgSe/ g, and nore




15 preferably greater than 100 AgSe/g by dry wei ght of said

m cr oor gani sm The amount of seleniumfixed inside the

m croorgani sns in the form of organic nol ecul es (sel enonet hi oni ne,
sel enocysteine, or the like) or inorganic 20 nolecules (selenium
salts) is exRugSHefoassgqess of sel enium per gram (pg %‘fﬁ)Rﬂ) ﬁ')'iﬁﬁ 4
wei ght of the mcroorgani sms. In other words, the se eniuniconten of
t he photosynthetic m croorganisns is est%blished by calculating the
mass of sel enium present in these organic 25or inorganic nolecul es,
rel ated back to the total dry biomass of the mcroorganism In

addi tion, the pgop rtigns by mass df: seleniunipresenf" organi ¢ and
inorganic form are SO“ﬁﬁtab|l§ Yhfessed’ ﬁﬁLages
relative to the mass™of total seleni 30 fhe conte of tota

sel enium and seleniumin the orm of sel enonet hi oni ne, of the
phot osynt heti c nicroorganhagﬂ\ggﬁorQ|ng to thalin ention, can be

determ ned, respectively, by mineralization arit ﬁ@‘digestion
after Cbntrifugation and | yophilization of the nlcro- 350r gani sns,
for exanple by follow ng %he nethod ac ordiig WO °

2010/ 023384PCT/ FR20094+640 0 Lok escribed jon_,
Master, Z. et al. S Bio Chen1 385 168 186 The
resul ts obt ai ned ding to the présent invention, which ajJ

canpl es of the 5 present application, ShOle%at

illustrated ine -
m croorgani sms, nore particul arley the Chlorophycea

t he phot osynt heti
and Cyanophycea
sel enonet hi oni n
m crograns of s A pe

greater than 200 gSe/g, nore’ preferably greater than 500 gSe/g, even
more preferably greater ,fhan 1000 ygSe/ g by ory wei ght, and even
greater.than 1400 ygse/ ¢ by drly {wei ght MQf : oalgae. The
invention therefore re flg:

or a Cyanophycea entd N organi c sefenium characterized in that
its content of organic seleniumin the formof selenonethionine is
generally greater than 100 ygSe/ g, preferably greater than 200

ygSe/ g, nore prefpraplysigf fat@& &Baa 5@9@9)86&19@0;@1 grédpgven nore
preferably meMerthw11 Wﬂgt

Chl or ophycea or C§¥hoptceéh ‘t 'in &ﬁﬁic sgﬁéﬁﬁﬁﬁiisgﬁﬁﬁg?a?iy
characteri zedaileathat mytsistatisent peflmdtgaa) ¢ sedammten | palhétdbdearof
sel eno- nbReyLEPY ESRA Y © o B, S0% AEelerabhy gpEgythan
70% nDre prgﬁégggl? n%%gg% an é%“ﬂﬂ£ven o € prefe rngy nnrgptﬁ%n
90% and eveft ABrE-EHEPE A 9WEPEot al sel eniumthat it contains,
and al so in that R}sigeahdHalorcof;ed)s)ofalikylr garvue Sed edatilFal amino
generally le h 0 referably less than 0.5% nore
preferably I%géétﬁ dé %Vréi ﬁﬁan%otal seleniumthat it contains. In
general, its reS|Hﬁaﬁoﬁm#ﬁaaiﬂ)oﬁbpﬁ§rganic seleniumis less than 1%

preferafml y less than G:iad% 8B e“Qm ef abky ihessdbhand0.mn and; eNesr

gg[grggﬁggggbl%§§§i§ca2$§3}o§§? bﬁﬂxﬁPtOt%EtQB%niis gﬁuorlnated or

polyfluorinated, group c¢ontaining 2 to 26 carbon atoms,

100
preferably

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 “alkexyl” is intended to mean a linear

or cyclic, opticonally branched, optionally fluorinated ox



WO 2010/ 023384PCT/ F1t 2009/ 001044 14 The invention also rel ates
to the production of food, cosnetic or pharmaceutical products from
sai d photosynthetic m croorgani sns enriched in seleniumaccording to
the nethod of the present invention. This 5 production nakes use of

t echni ques k e skilled in the art. T tic
m cr oor gani sﬁg&?@@%}% to the invention can al so big@ﬁ}%@g&;pgim

animal nutrition, in particular for thelpurpose of obtaining
secondary 10 derivatives enriched in organic selenium for instance
fish, mlk or ederlve rodc nd nol | es

obt ai ned are” 8ﬁgg§’éonnnaterl ous Appl Teatt o&jnsfﬁ?“?c‘? u@zm"%g]t(I os%écgﬁdary
summari zed i art herpieanbhécohpl p@mmtmza”rg ak @c%@n@@rbon atoms, and
asphar maceut bgakoﬁﬂwt 'E:b?nb?&@in@g%ﬁe or moleSURABSIn OfariR® double

invention is_also the use of a sel eni um enri ched ot 0s nthe |c

ni cr oor gani sRPEEEor dTHG! t 85t hef Phv EFETETE asTEER ti c‘? hoxy iso-
phar maceut i cpkopm:yl herape€aubepmethaugl j t ilamﬂepxgdjuctlz(rm:rlea:@enyﬂ) .ox
20The i nvent# ?19)6 {elates to the conpositions, generally

cosnetic, pha rEcel al or nutritional conpositions rising said
phot osynt heti ¢ ni cr oorgafisresTheli ahtgal® aPfo 'F%’F%{’Fgé t GYge are
cult Er e medi yesEeibad 2bn ppetosyntdret ig v@@év@@m@m,is;md@woacﬁml gedn
inthat it c rises e or mre. o e oup a
defined abov nP%fJ%)ﬁ a3 curt ure‘:"r]rfeS umtEiI&s S rESTt%ée g§C8I& b %Hrrélﬁt £Illgt‘hep
met hod 16f enki chi@dg2 phot osynthetic microorgani sns in sel eni um

according to the Lnvention.. -3 *ﬂawéi'cullé,r,lhegna@&erﬂd OhchBl akep
to a solid or ui d uI ture nediu cgrqs@%m ng | east one cor%oun
el a

of formula (F?rr ’?@‘F% y SRSy - hy - etrJljoeout[B‘?‘n%

salt thereof prganasmaménthatplcantofarb‘etammalowbIédd aa@oahgqbl;n that
preferably bepwegiylsend 400G, a0 1. w1or o xdphe Bably pekuecnZeand:
500 ng/ 1, i.e. respective VD 2010/ 023384BCT/ F 01044 15

appr oxiL&at el ﬁ’rﬁgf’ &n 9. fW%G@ -Ag/ 1 of said corrpound on a sel eni um
equi val ent basi s, - pr ef gtaabkygrhetWweanydhet “andls 406 tryydedof tsamgtan any
compound on g, ﬁ&&:@% B AU/ LGN - 02S| w5 (TBLL BECT 21 AR) Y 1881 YEREN0rE

and 200 ng/1 of " sai conpound”on a sel eni um equi val ent basi s,

For the m creargaeted Fardfe BAGER, PYhBSeBRpetimE dF-Foaita X i can

be diluted in sterile fidtared sela&\mr@é ‘Or iish sybthétdC tseanwaber any

Egﬁg;ﬁ;?;% AqLS; off Sé]éﬂ}?&efo%é’&“ bpe cnBeal nfiygt de Bl U O tASnomers
connected to one another by wmeans of an ester-type bond.

According to the dinvention, said compounds of
formula (I) are preferably used in the form of calcium
salts, zinc salts or magnesium salts, which generally

25 makes 1t- possible to obtain better sclubility 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 Cyancphyceae and Chlorophyceae. Thus, the
photosynthetic wmicroorganism 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.



10Systens Inc., so as to forma mnimmculture medi um A et hod
for preparing mcroal gae according to the invention can in particul ar
conprise one or nore of the follow ng steps: preparing a
culture nedium preferably a mnimum 15medi um containing the

chenical el erpotingssgsary for the growh of a m crpak@aizoosnoi044
introducing, into the culture nedium a conpound

of f or nul apr ef er abl y2- hydr oxy- 4- net hyl - 3é| enobut anoi ¢ aci d, as
organi ¢ source of selenium 20 - adjusting the pH of the m xture to

a val ue of betweesnd apdelPion re aEEQChBQe &f%QQ%hH 9ftQVQ9&gt&£§
i

of said mcroalga in culture in.the mxture forne

tenperature Gf BefRBRAUASD %dﬁq‘r’?@la\m(tlﬁroFBPﬁﬁ? Eq’ﬂék‘ﬁi"gfIQS f&Pmbet ween
100 and 500 rpm. and-arh@drmspliene tifdkeraycbonimbic fa0im,0 to 20% of

oxygen and from 0. 3% (V of carbon di_Qxi referably from24 to

120 hours; cgrn{t%ﬁ? gl‘gng}’ The's urgegggB% Weeh 4000 and 10 000

rpmfor %a few m not 8572 orydudPLerd ﬁ@tﬁ‘lh'éSﬁii%nQb‘etQ@plq rcgigh a 0.2

m cronet er fb&t gr sangl & NSE theddunber through wi t h physi ol ogi cal
sal i ne; gthe cel | gellet up np si.ol ogi cal sali ne;
centri fuging agal betWEERHEG0 AW 10 9566 F%ﬁ‘FSSf aPB cation
m nut es; V\DWQOZQDG)QG}%JMT/ F11. 2009/ 001044 16 - recovering the
moi st cel | pelIetAw@hsyegenaelEﬁetEﬁvaﬁkfaauggeaigshsdpﬁbE%ggheﬁgtic

The noi_st cell, pell et g£ llized or air-dried
char actdr i st '¢§ ﬁﬂﬂgm‘?\;t%ﬁ’% Rtdt hB PRIEREFOFeFBIYNvefPRE (dFer Pe
exanpl es whi chtadthédvacdhelinnnm esheereinoal o€r taee iprent tied. omhyh by

Y emt on "SEASHAP R OO 0t SRR $UFrenc

vul gari s ni cPdal gFre@hercheehan n §8PeRPHm i Prairsabdth c aeaitsitng than

2- hydr oxy- 4- 1000t Byth sehRReOUbLaBOEEaBLY d rHdRel? 7}nanndsyocagwhat r sphiL

CondltI%nS 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 wmicroorganism 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 residues 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 in 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 organi¢ sgelenium,
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 90%, by



15Experi mental conditions The strain used under

phot oaut ot rophi c conditions is Chlorella vulgaris SAR11-11B: an
axenic strain originating fromthe SAG col |l ection of the University
of Gottingen (SAG Sanm ung von Al genkul turen der 20Universitat

G tingen [%6%10!%3% Al ga Cultures of the Univergti¥r3boo/001044

Got ti ngen]) train was cultured in the BG 11 nmedium
(bl ue-green medi un) described by [Stanl éy RY et al. 1971 Bacteriol.
Rev. 35:171-205], the conposition of which is 25the follow ng (per

i
oy s o BTtk BT, 08 O A
ammoni um ci t £at eaig (I@EJ'CQ?S(YP)thED?FA- NHPL oPrygrign¢ 8)g 2P ERePtHen

(9) Distilledswatgd) chdhekhdonifk S%éﬁﬁéﬁ%rm‘s trace ®iERrablé nlida

WO 20101023384PCT/F 00910 1044 17 H3B03: 2.86 NhClg 4H20: 1. 81 Qn
ZnSM. 7H20: arly advantageous 1mprovemen erme of  amount

5 and quallty of organic selenium present in the micro-
organism, compared with what was obtained in the prior
art.

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

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

15 preferably greater than 100 pgSe/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 like) ox inorganic

20 molecules (selenium salts}) is expressed as mass of
selenium per gram (pgSe/g) of dry weight of the micro-
organisms. In other words, the selenium content o©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 organisms, for example by following the method according



Na2Mb04. 2H2: 0.39 g 5CuSO. 5H20: 0.08 g Co(NO3) 2. 6H20: 0.05 g

The pH was adjusted to 7.1 and the nedi um was autocl aved at 121C for
15 mnutes. This strain was cultured at 25C, 2400 +1-200 Lux 10 under
phot oaut ot rophi c conditions for 2 to 7 days with orbital shaking (80

rpm, ODini tgﬁ@ fo28334 The 00660, m of the strain reﬁé&'ﬁfmgoe?‘mbibﬁf*

h. Culture c ons The organic source eni um
nanely 2-hydroxy-4- 15net hyl sel enobut andBc acid (THD- 177, Tetrahedron
SAS, France, CAS: 873660-49-2) was adnministered at a concentration of

beteen, 0.5 18] 1300000001 Orudb SRl el UM SRULLE) ept BeShe: (2606

respectlvely,
2- hydr oxy- 4- ASDE sBL@W@Ele{ S é@ﬁdm?@lfme conpound cont ai ni ng

sel eni um was adde@hbusxcegﬁftél ”Bbéalﬁedana@éMHH.tng)f et ween - é@éem
and 25 ng per, 100 . m of culture t he begl nni ng_of the uItur

several tines™YERFEG0t alPt e HPETAERS dr Ao S
i nt ervalss bepmgslaatweetppﬂ.mdlm housisow t hehetl t urhee 25pautrngyamemﬂt1c

mai ntai ned f i c20BEGR r&t[ 2 go@e’ ;g%yt;l weetﬁe Féﬁﬂ%bh%egf 1he

Chlorella vu garls croal'ga enri ntumin a nmedi um
cont ai ni ng 2<HpaPERYCcEA mwf RAERS mwéﬁaﬁcsa&?aveﬂrmzﬁ% et e
accordi ng t ogkhenbR¥ENidRite Oini B ad®@nttMaFonfsniara1].ys OftaBese| €na e

S0 (comparatiyg gxa @ggs%mgngs{sgaéakﬁapgggﬁsgngé'§§§ o8 CPEHE/ 8f

l'i ght and of “car bo % ucose -
t hese tidsts, prfesablyn gsedtes atberai ACBf UEPROF el | BO¥®| gR¥eSerably

SAG211-11B: a réé@BtC&{Haai n5350pggéﬁ§1| et OffiviEe ARG GRLLeCt doBatdy
t he Uni ver si gl 02 384RCT/ FRZO%%/ 0010449%8 rer than
Gat t i ngen( SAG" 88 g 5/ 8 é@ﬁkgﬁ’ur EHEEE - uniter ST PRt ESERRgeh
[ Col | ection @#0Al gasémxtlw abcyfwetilph tUpiEv ehs ¢ ymbfra@otgaengen] ) whi ch
was cul tured undegngl XQ4L,OPMM:E QAN Ad NS ehRcbBenbok! @¥-RO-IBLH- I o
SYeast 1e5Xtra%tSChlorop19yceeaef oei\:Xt taaCEIfrangphycga enriched in organic
selenium, characterized in that its content of organic
selenium in the form of selenomethionine is generally
greater than 100 ugSe/g, preferably greater than
200 ugSe/g, more preferably greater than 500 ugSe/g, and
20 even more preferably greater than 1000 pgSe/g by dry
weight .

Such a Chlorophycea o 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 more preferably less than 0.1% of the

35 total biomass of said Chlorxocphycea, by dry weight.



Tryptose 0.66 g FeSO40 66 ng Qucose 3.3 g 10D stilled water gs

1.0 1 The pH was adjusted to 7.2 and the nedi um was aut ocl aved
at 121C for 15 m nutes. The organic source of selenium nanely
2- hydroxy 4 nmet hyl sel enobut anoic acid (THD 177, Tetrahedron SAS, 15

France, é%%} 43%83) was adninistered at a CO”CFBHﬁ&uB&foﬁio&O

ng/1 on a sel ium qU| val ent basis, i.e. 50 ng/1 of
2- hydr oxy- 4- net hyl sel enobut anoic acid. 14 The i norganic sel enium
sour ce( NaSe, sodi um sel eni te) vvas admi ni st ered at a concent rati on of

20 ng/ 1 20on a sek n| um el Hsga esLa s 438 11 c%gdl um
selenite. e corrpoun on?al ni ng 81%hi 0fh wad aé’&e ] as ongt

time in the érpdnentpakegiow o phelmrmFcautd c@il opgbiactal géres ssaadn
(i.e. 3 daySpﬁBﬁ:%é?rﬁBﬁeH@CU'xﬁtdr%'&)rga?lﬁgﬁ@paré’ﬂfﬁhéﬁ the sagpiesifmr

anal yses I ncybati on he nmedj um was fil ter ed
t hrough a O. ?cﬁPEFibﬂgl\l&Pgéﬁ? n’ﬁﬁ%?%qowe Ré:?yea PSR ahBY Rt g s
and t he =cel | pn:etﬂantacbze mElse s | wse do v ttdfnmhy;uasl Ggiowal teakhoee Fhelhed
cell mass wag,l ypphilized 30for analysis of the constituents

cont ai ni ng seFenl um (total selenium sel enonethionine and sodi um

sel enite). Anal ystieoPhoresyphieriteMisrosnganishy serenfingofce the
Chlorell a vuligeeh8ion can alse Bke ébt alsesel@nNiakfAinads rﬂﬁ;“x&)t&d;xﬂy 1€P

coupled to 35 after mneraliza he

VO 2010/ 0233§%5%Jr7%\$&’609 Fo01048<10 ik rgsp%em%}h o%b% ﬁme‘% se %‘%ugﬁ‘ring
carri edfut Bpriavghipes f enpasbed| iigui drghndeaiccdeaphyp. cAqy e@lnﬁéance
tandem nmass ¢eLect hotk &f t&jgLnzynme di gestl on of the sarrpl e,

according to the thddes r|b y ster, Z.
et a/. (2006) Anngﬁ %ﬁ AT é§é¥é3 fgépcu&es thub oggglned are

of use in  various applications : including those
summarized in the preamble, in particular as a ceosmetic,

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 1invention alsc relates to the compositions,
generally cosmetic, pharmaceutical or nutritional
compositions, comprising salid photosynthetic micro-
organisms.

The invention alsc 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 photosynthetic
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-methylselenobutancic
acid or a salt therecof, 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



180. Results Tabl e 1 bel ow i ndicates the average val ues,
on a sel enium equi val ent basis, obtained in triplicate for

10i ncubati o

ntimes of 7 days. Table 1 Analysis of the conponents

contai ning seleniumof the Chlorella vulgaris mcroalga Total Se

ngSe/ kg bi o
Addi tion TH

0 SR 15, TES 0 0SS PReReg

(0.4% of total

10

15

20

25

30

35

approximately between 0.2 and 800 mg/l of said compound
on a seleniuvm equivalent basis, preferably between 0.4

~and 400 mg/l of sgaid compound on a selenium eguivalent
basis, more preferably between 0.8 and 200 mg/l of said
compound on a selenium equivalent basgis.

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

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

- preparing a culture medium, preferably a minimum
medium, containing the chemical elements necessary for
the growth of a microalga;

- introducing, into the culture medium, a compound
of formula (1), preferably 2-hydroxy-4-methyl-
selenobutanoic acid, as organic source of selenium;

- adjusting the pH of the wmixture to a wvalues 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
of between 100 and 500 rpm, and an atmosphere that may
contain from 0 to 20% of oxygen and from 0.3% to 20% of
carbon dioxide, preferably from 24 to 120 hours;

- egentrifuging the mixture at between 4000 and
10 000 rpm for a few minutes, or filtering the mixture
through a 0.2 micrometer filter and rinsing the filter
through with physiological saline;

- taking the «cell pelilet up in physiological
saline;

- centrifuging again at between 4000 and 10 000 rpm

for a few minutes;



Se) Addition NaSe 20 ngSe/ 1 1445 292 (20% of total Se) 4.10.4 (2. 7%
of total Se) 15 The results obtai ned showed, for the sane dose
of selenium added in the formof THD177 or of NaSe, in this case 20
ngSe/ 1, that: nine tines nore total Se was detected if the

20addi tion i Wé@j@b@%@gt in the formof THD177 thanrggf,%}%mg%%&‘pn

is carried out inthe formof NaSe; the |level of se
accurmul ated intracellularly in the formléf sel enonethionine, obtained
by neans 25of an addition of THD177, is 44 tinmes higher than that

obt ai ned by neans _of jtiop. Ln f ; .
2010/ 023384PCT/ Fllzoﬁg%‘g"di%izf&ﬁ Babold)8e! Uty Witet wnich 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 phobtoautotrophic conditions is
Chlorella vulgaris SAG21L1-11B: an axenic strain
originating from the SAG collection of the University of
Gottingen {SAG: Sammlung von Algenkulturen der
20 Universitdt Géttingen [Collection of Alga Cultures of the
University of Gé&ttingen]).
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) KHPO,: 0.04 g
(3) MgS04.74,0: 0.075 g
(2) CaCl,.2H,0: 0.036 g
30 (5) Citric acid: 0.006 g
(6) Ferric ammcnium citrate: 0.006 g
(7) EDTA-Na,: 0.001 g
(8) NanCOs: 0.02 g
{9} Distilled water 1.0 1
35 {10) Soclution of trace elements: 1 ml/1l



20 of NaSe; - the level of seleniumaccunulated intracellularly in
the form of sel enonet hi onine reaches virtually 100% (98.51) of the

i ntracel lular conmpound fornms 5 containing seleniumif the addition is
carried out in the formof THD177, conpared with a IeveI of 20% wi th
NaSe; and th 4% of Se(IV) in the total d@?(fo
detected if t Omdlgl tﬁf%% I's THD177, whereas 2. 7% of e(IW% 1%194
detected in the total seleniumin the caseé of the addition of NaSe.
Exanpl e 3: Production of the Arthrospira platensis mcroalga
enriched in seleniumin a nﬁ Hm 5095 ning 15

2- hydr oxy- 4- net hyl sel enobut an0| ¢ aci %THD 177) (exanple according to
the invention) or in a nmedi YattoAE=® nt iyt $odi um sel enite (conparative
exanpl e) under autotrophic zgendzHlEONS. 222 g In these tests,
the strain used is a strai nNof %O%h g: gl ra platensis 3054- EO001.
25The 3054- EO001 strain was’ eultur d&f Hut ot rophic conditions in
the fol lwi ng nmedi um Yeast Ce5@4-a8:30 038 @ Beef extractsO 33 g

Tryptose 0.66 g 30FeSO40 @@ I&@S}? girid | ed gwateer gs 1.0 J. The
pH was adj ust ed to 7 2 and i um was aut ocl aved at 121C for 15
ni nut es. he TRE o‘}'agganlaéjélc?ﬁﬁée bP skienfifh Pafempdium was

2- hydr oxy- 4- 38retlhykesebendbut@nitd:c scindicfibldie-. 177, Tetrahedron SAS,
WO 2010/023384PCT&EB%OQ§QQQ}p4éas cultured at 25°C, 2400 +/-200 Lux
10 under photoautotrophic conditions for 2 to 7 days with
orbital shaking (80 rpm)}, ODinitesonm=0.05. The ODgsonum ©f the
strain reaches 0.5 in 48 h.

Culture conditions

The organic source of selenium, namely 2-hydroxy-4-
15 methylselencobutanoic 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, i.e., respectively, 1.25 mg/l
and 250 mg/l of 2-hydroxy-4-methylselencbutancic 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 period of 2 to 7 days.
Examplé 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 - glucose - in the

medium) :
In these tests, the strain used i1is a strain of
Chlorelila vulgaris SAG211-11B: an axenic strain
35 originating from the SAG collection of the University of



21 France, CAS: 873660-49- 2) was admi ni stered at a concentration of 25
ng/ 1 on a sel enium equival ent basis, i.e. 62.5 ng/1 of

2- hydr oxy- 4- met hyl sel enobut anoi ¢ aci d. The inorgani c sel eni um
source(NaSe, sodium5 selenite) was adm nistered at a concentration of

25 ng/ 1 on awélﬁ%/%%ggui val ent basis, i.e. 54.4 Wﬁéﬁ%‘%ﬁ?ﬁﬂ%cﬁ
e e

selenite. conpound cont ai ni ng sel enium was a ] ust
one time, just after the inoculation wi B the Arthrospira 10pl atensis
strain (i.e. T = 0). Preparation of the sanples for anal yses:

At er I NCUDALBRsE0E 10 984E: { heafRllngel | Gbn Vaoat Lherec O oUgh

0.2 mcron Nalgene™nenbrane, and t retentate”was rinse

physi ol ogi caPnd¥prRetaTHEOUbREeTE el Joldgss iRis OF yHpHR| Créfures of the
anal ysis of yheveesstyt ugnt scentahgénpsel enian(twhal seligbikdd under
sel enonet hi oni,ne, and sodi uraﬁstel enj t.le_% Anﬁl ¥§I S, of thcg. constituents
contai ni ng sBHERFERPREC FHH OB 4 p&AEehBT ESHIHETSTEE sel eni um
was ass@ed by | CPeasupteddraci=det ecti on. by .BAise, after mneralization
of the sanple. Thgespegi@ati iy of the_ sel epiygnypas carried out by high
performance |iquid chromatography coupled to tandem mass detection,
after enzyme di geS¥YRYPIF -the-sanpte; - 25 3c®Br¥ing to the method
descri bed by Lobi rs&y,.et. .al...,. .i.n.Mester,. Z.setm@/ . (2006) Annal .

Bi oanal . Chem 383j,J68; 180. Results 3 3 Tabl e 2 bel ow

i ndi cates the averagé val'ues, ‘on a 30sel eni Unt equi val ent basi s,

obtai nd® in triplPeatelast Wat@bation- tin88 bf01b days. WO

2010/ 023384PCT/ FREZROO/HID 1044 23ajabted 2 tAnahrysi sand tiiee coarpanent gas
contai ni ng SShEBEEQ%ég §€“321°c for 15 minutes.
The organic source of selenium, namely 2-hydroxy-4-
methyleelenobutanoic acid (THD-177, Tetrahedron  SAS,
15 France, CAS: 873660-49-2) was adminisztered 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 equivalent 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 Chioreila
vulgaris strain (i.e. 3 days after the inoculation).

25 Preparation of the samples for analyses:

After incubation for 7 days, the medium wag filtered
through a 0.2 micron Nalgene membrane (Ref a-PES,
diameter 90 mm), and the cell retentate wag rinsed with
physiclegical saline. The wet cell mass was lyophilized

30 for analysis of the constituents containing selenium
{total selenium, selencmethionine and godium selenite).

Analysis of the constituentg containing selenium of

Chlorella vulgaris

The total selenium was assayed by ICP coupled to
35 detection by mass, after mineralization of the sample.



Arthrospira platensis mcroalga Total Se ngSe/ kg bi omass
SeMet hi oni ne ngSe/ kg bi omass Se(lV) ngSe/ kg bi omass Addition THD177
25 ngSe/ 1 143168 140247 (98% of total Se) 17.20.7 (1.2% of total Se)

Addi tion NaSe 25 ngSe/1 1772 133
WO 2010/023384 PCT/FR20(9/001044

19

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

5 Mester, Z. et al. (2008) Annal. Bicanal. Chem. 385: 168-
180.
Results
Table 1 below indicates the average wvalues, on a

selenium equivalent basis, obtained in triplicate for
10 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 ngsSe/kg mgSe/kg biomass
biomass
Additiomn 1293423 1274+10%9 6+1
THD177 (98.5% of (0.4% of total
20 mgSe/1 total Se} Se)
Addition 14445 2942 4.1%0.4
NaSe {20% of {2.7% of total
20 mgSe/1 total Se} Se)
15
The results obtained showed, for the same doge of
selenium added in the form of THD177 or of NaSe, in this
case 20 mgSe/1l, that:
- nine times more total Se was detected 1f the
20 addition is carried out in the form of THD177 than

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

- the level of selenium accumulated intracellularly

in the form of selencomethionine,

25 of an addition of THD177,

that obtained by means of an addition in the form

obtained by means
is 44 times highexr than



(7% of total Se) 5.10.3 (2.9% of total Se) The results obtained
showed, for the sane dose of seleniumadded in the formof THD177 or
of NaSe added, in this case 25 ngSe/1, that: eight tinmes nore total
Se was detected for an addition carried out in the formof THD177
than for an addition carried out in the formof NaSe; the |evel of
sel enium accunul ated intracellularly in the form of sel enonethi onine,
obt ai ned by nmeRf208P70233844di ti on of THDL77, is 108 t PREFRZ0GNE0I0Aan
t hat obtained by neans of an addition ind he formof NaSe; the |evel
of selenium accunul ated intracellularly in the form of
sel enonet hi oni ne reacfh:es 8% of the intracellular conpound forns
cont ai ni ng sel eni um P ¥$feSaddition is carried out in the form of
THD177, conpared wi-t bhe Revel of #¥lwnilm NaSsymamdatthdhtraesl yullam%p
of Se(l1V) in the total gsgkerbvm Was sggéﬁ&ﬁ%%xﬂofnﬂnﬁert@ggﬁ 4 O tdualiy
[

THD177, whereas 2. 9% %58298\“%&\/\er ijét ect n the total selenium’in
the case of the addi% A g © 50 FHF5233BUPEH FERAYRG0 15ans2 3
Exanpl e 45 Producti ofcntaifmiedArseleodpinr &f ptlst enslisinhcie- égaied out
enriched in sel eni umihn t8eMBAMMBOMEH NG compared with a level. of
2- hydr oxy- 4- net hyl se%ﬁgob%grlfl c acid (THD 177)1‘) (exampl e according
to the invention) 5fh°t¥est B8&s, the strain used is a strain of
Art hrospira pl at ensi 8n@0E52RtE0001. A conparison i s nade between the

results of the prevbgus example:r exanp]eid i pgedi GR1EASum was
addi tion, . according to tt1$ddnv€n£ on d@f fhe 10 cor’q)ound cont ai ni ng
sel eni untTHD- 177 was CEFF el but %’%s?‘ het W ok | TR St sfhqeEs 2.7%
i nocul ation wth thecfr Er(E%Dhi varp| deeentiesl siy dihe worithl ssglewium in
experinment in which the &kl tdORhea8EM AT oEONLEE, | Nvention, of the
conmpound cont %&lmg 153‘selP(]a_,gidug%il'HD 17 s carried out in_the )
exponenti al phase e : S t—AF R o5 pi S AEBHEE o- B F LS
in exanpl e 2. TR&¥QgPiga enriched in selenium in a wedium containing
15 2-hydroxy-4-methylselenobutancic acid (THD-177) (example

according to the invention) or in a wmedium containing

G Lol ]
U U CA U v, CA H

sodium selenite (comparative example) under autotxrophic

conditions:

In these tests, the strain used is a strain of
20 Arthrospira platensisz 3054-E0001, '

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 ................ 0.66 g
30 FelS04. i vi it ittt ii e i i e 0.66 mg
Distilled water ......... gs 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-hydrbxy-4-
35 methylselenobutanoic acid (THD-177, Tetrahedron SAS,



Tabl e 3 bel ow i ndi cates the average val ues, on a 20sel eni um

equi val ent basis, obtained in triplicate for incubation tinmes of 10
days. WD 2010/ 023384PCT/ FR2009/ 001044 24 Table 3 Anal ysis of the
conponent s contai ning seleniumof the Arthrospira platensis mcroal ga

Anal ysi s of Kebado1Ho2s:get hi oni ne THD177 Se(1V) the poPatksooRveiko
ngSe/ kg ngSe/ kg conponents cont ai ni ng s%lleni um of the

France, ChS: 873660-49-2) was administered at a
concentration of 25 mg/l on a selenium equivalent basis,
i.e. 62.5 mg/l of 2-hydroxy-4-methylselencbutanoic acid.

The inorganic selenium source (NaSe, sodium

5 selenite) was administered at a concentration of 25 wmg/1l

on a selenium equivalent basig, i.e. 54.4 mg/l of sodium
selenite.

The compound contalning selenium was added just one
time, Jjust 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

i5 wet cell mass was lLyophilized for analysis of the
constituents containing gelenium {total gelenium,
selenomethionine and sodium selenite) .

Analysis 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 sample.
The speciation of the selenium was carried out by high

performance liquid 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. Bicanal. Chem, 385: 168-

180.

Resgults

Table 2 below indicates the average values, on a
30 selenium equivalent basis, cbtained in triplicate for
incubation times of 10 days.



bi omass bi omass bi omass bi onass Arthrospira platensis mcroal ga
Addi tion at 143168 140247 51 17.20.7 inoculation (98% of total
(0.35% of (1.2% of THD177

io

is5

20

25

WO 2010/023384 PCT/FR2009/001044
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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 1402t47 17.240.7
THDL77 {28% of {1.2% of total
25 mgSe/l total Se) Se)
Addition 17742 1343 5.1%0.3
NaSe (7% of total {2.9% of total
25 mgSe/l Se) Se)

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

eight times moxe total Se was detected for an
addition carried out in the form of THD177 than
for an addition carried out in the form of Nase;
the level of selenium accumulated Iintracellularly
in the form of selenomethionine, obtained by means
of an addition of THD177, is 108 times higher than
that obtained by means of an addition in the form
of Nase;

the level of selenium accumulated intracellularly
in the form of selenomethionine reaches 98% of the
intracellular compound forms containing selenium
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 Se(IV) in the total selenium was
detected if the addition is THD177, whereas 2.9%
of Se(1V) wexre detected in the total selenium in
the case of the addition of NaSe.




Se) total Se) total Se) 25 ngSe/1 Addition 127416 1078-1-89 112
142 exponential (85%of total (0.86%of (1.1% of phase THD177 Se)

10

15

20

WO 2010/023384 PCT/FR2009/001044
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Example 4: Production of the Arthrospira platensis micro-

alga enriched in selenium in a medium containing
2-hydroxy-4-methylselencbutanoic acid (THD-177) (example

according to the invention)

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
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
gelenium  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
selenium eguivalent basis, obtained in triplicate for
incubation times of 10 days.



total Se) total Se) 25 nySe/1l The results showed that 12%
nore total seleniumand 30% nore seleniumin the form of

sel enonet hi oni ne were obtained in the "addition at TO' test conpared
with the "addition in the exponential phase"” test. This difference 10

coul d be the he | onger contact tine betwe i
and the THDlyggisirilbll@ngasgddi tion at TO' test than in ?Eﬁ%@?ﬁm&

"addition in the exponential phase", teSt In both
cases, the intracellular Se(lV) |evel 15remains |ow at 1% of total
sel enium 25 CLAI M5 1. Methagfr snriching a photosynthetic

m croorgani smin organi c selenium characterized in that said 5
phot osynt het i ¢ Afadiyedsgali shei scepPrentedl dantaimaggusedonpun shhothe

conpound of sel enohydr oxy ag¢heobyPea Ob1HeNeS @ wfierBdhaa(l) as defined
herei nafter, a precursor, a salt, or ‘an ester or am dé derivative of

sai d conmpound—100H-0—(1) 2—Method accpording to claim-1,
characteri z¢d zsnalysiat ofhe ToterlogegasEBaiisnensi Cherkoiny Se (IV)
b
LTI LS s | AR AL OB OB
components biomass bicmass biomass biomass
containing
selenium of
the
Arthrospira
platensis
microalga
Addition at 1431468 1402+47 5x1 17.2%0.7
incoculation {a8% of total (0.35% of (1.2% of
THD177 Se) total Se) total Se}
25 mgSe/1l
Addition 1274%16 107B+89 11+2 1442
exponential {85% of total | {0.86% of {1.1% of
phase THD177 Se) total Se) total Se)
25 mgSa/l
5
The results showed that 12% more total selenium and
30% more selenium in the form o©f selenomethionine were
obtained in the “addition at T0” test compared with the
“addition in the exponential phase” test. This difference
10 could bhe the result of the longer contact time between

the biomass and the THD177 in the “addition at 7T0” test
than in the other, “addition in the exponential phase”,
test.

In both cases, the intracellular 8Se{IV) level

15 remains low at 1% of total selenium.



chosen from L-2-hydroxy-4-nethyl sel enobut anoi ¢ aci d,

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

DL- 2- hydr oxy- 4- net hyl sel enobut anoi ¢ acid, 20or a salt of these
conmpounds. 4. Method according to any one of clainms 1 to 3,
characterized in that said conpounds of formula (1) are in the form
of calciumsalts, zinc salts or nagne5|un1salts 255. Met hod
according to any one of clains 1 to 4, characterized in that the
phot osynt hetic m croorganismis chosen fromthe group formed by
Cyanophyceae and Chl orophyceae, prefeighlygchosen fromthe group
formed by Chl orophyceae of the Chloreﬁég;genus and Cyanophyceae of
30the Spirulina or Arthrospira genus. 6. Phot osynt hetic

M croorgani smenri @hedMéﬂh@cﬂ g@tasxc éﬁk@@hm@ fahaph@@@smm_@ NRdcro-
according to the nethad

of EYl of B g gce in tgs sali
phot osynt het |°5gf?|n&P5‘or1§1ar?r§|‘?1nB& g Charfet &PFZ8E Fht 1% tl‘Bh RbnPRht,
of sai d Sm cr piwogasysihebicseheriagnganitsire fier nteltwetdndmet ki omedéum
represents nmyg &H@@né% PESERaR] ydforge&!aﬁehédz 090 Ll prt%erabky

nore than 80% an even nore preferably nore by mass

sel eni um reﬁ&PP&éltgoFWBlPoﬂgp 88 &ntd eﬂr@@éﬁﬂ“?ﬁtgérda Precursorr
phot osynt het iaC saile, 00Egani s ey .o Phnticky Mleléhei e coDosgadhicfpound :
enriched in organic 10 selenium according to claim®6, characterized
in that the photosynthetig m croorgani smconprises |ess than 1.5%
preferably less than 0.5% nore preferably less than 0.1% by mass of
i norgani c sel endum el at o the total selenium 158. Chl orophycea
enriched in o(@a c sekenium characterized in that its content of
organic seleniumin the form ofy sel enonmet hi oni ne represents nore than
50% prid¥erably nore tRan 70% nore preferably nore than 80% and
even nore preferably nore than 90% of the total nass 20of sel enium
that it contains. a, nri.ched in sel eni um
characterized in ghat M?gh%%ﬂ% ?PQ¥§§r §nf€ﬂ§e edlu§$?ﬁ %Fr%oﬁﬂ1o
sel enonet hi ofthaé thegneare?rIaursm Go0 e«mgsebgdbyndwlwr@ﬁﬁhl%m

Chl or Ophycea enri ghedvéthéd 9aBEErSEAENEE ManC6ABMIFT d1G: igist meraxg;nez of
cl ai nB racterized in that ,i.ts resi dual %tent of

i nor gar‘?l seICZ’ﬁlrﬁﬁl%?glF%gs Phar' P, Spr8r SV Pest t ARA™ 1804 (Ipr LS

preferably | ebesehahrd® by mass, relative to the total sel eni um t hat
- L-2-hydroxy-4-methylselencbutancic acid,

- P-2-hydroxy-4-methylselenobutancic acid,

- DL-2-hydroxy-4-methylselenocbutanoic acid,

20 or a salt of these compounds.

4, Method according to any one of claims 1 to 3,
characterized in that said compounds of formula (I) are
in the form of calcium salts, zinc salts or magnesium
salts.

25 5. Method according te any one of claims 1 to 4,
characterized in that the photosynthetic micrcorganism is
chosen from the group formed by Cyanophyceae and
Chlorophyceae, preferably chosen from the group formed by
Chlorophyceae o©f the Chlorella genus and Cyanophyceae of

30 the Spirulina or Arthrospira genus.

6. Photosynthetic microorganism enriched in organic
selenium, that can be obtained according to the method of



30it contains. 11. Cyanophycea enriched in organic sel enium
characterized in that its content of organic seleniumin the form of
sel enonet hi oni ne represents nore than 50% preferably nore than 70%
nore preferably nore than 80% 35and even nore preferably nore than
90% of the total mass 27 of seleniumthat it contains. 12.
Cyanophycea enriched in organic selenium characterized in that its
content of organic seleniumin the formof selenonethionine is
greater than 1000 ugSe/ g 5by dry wei ght. 13. Cyanophycea

enriched in NLE.Seleni i t i t-her i .
and 12, char gd::r_?'gr ibggd +Jﬁ t hat IB%%Q%%%:F%uaﬁQagg%femngf ?Jr\hc?ﬁggarﬁrﬁ?h&lc
sel eniumis IBSFPOKRGANZGP BRéPer ahryA s 49thn-n . Wwmt fhee content, of

10pr ef er abl y d=Ass miatodfodm siBSSof r ebdéhi@nt ant et ot tm S6F eRiellBho~
that it contains.. . 14, phycea,_.accor di n ny -one of

i s 15t o P ORAPE P Ear B TN Thha Do r SRt & Relh: shan,
Art hrospira gédftus. mb3e5. puedeshbly phtosyrtiaat | BOH.cr godgagivem more

enriched in QaRIGHIG! &RIEM@LEOISHNI 1P RAAREsO0brClsRNER16mL O rddatdgea
cosnetic, pharnacgutlcal or nytritional agent., . 16. ,
Conposi t| o GepERSi PRl | S24ENGHE pRETTRYnt et | 82 H cROBESSHREARE LS
enri ched i n origawiocgseliemi um 20according to one of clains 6 to 14.

17. Conposi ti O”aC%QrdeQEBQgﬁ{IE@@ic %%x{‘d&rﬁ%ﬁ IR RALaS3hd organic
conposi tion1s a C_OSWE'[I C, _p ar maceujtl ca or nutri t.l onal' a emg.
18. Ccul*Qre mEdicihor aﬁcaﬁ'é%%%yﬁ‘? hetq ﬁcr@a%f&r@&ﬁﬁsﬁfﬁ hat the

charact eri zegHotolshathiet 1 60MpId SRS @RG s GBEr GPoUBEs afhan 1.5%,

sel enohydroxy, acid type 9L ohoHl § §4) e 8L AGD 1Y G8sMidan 0.12
by mass of inorganic selenium relative to the total
selenium.

15 8. Chlorophycea enriched in erganic seleniun,
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%,
and even more preferably meore than 90%, of the total mass

20 of selenium that it contains.

9. Chlorophycea enriched in organic selenium,
characterized in that its content of organic selenium in
the form of selenomethionine is greater than 1000 pgSe/g
by dry weight.

25 10. Chlorophycea enriched in organic selenium,
according to either one of claims 8 and 9, characterized
in that its residual content of inorganic selenium is
less than 2%, preferably less than 1.5%, more preferably
less then 1% by mass, relative to the total selenium that

30 it contains. .

11. 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%,

35 and even more preferably more than 20% of the total mass



10

15

20

25
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of selenium that it contains.

12. Cyanophycea enriched in organic selenium,
characterized in that its content of organic selenium in
the form of selenomethionine is greater than 1000 ugSe/g
by dry weight.

13. Cyanophycea enriched in organic selenium,
according to either one of claims 11 and 12,
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, Cyanophycea according to any one of claims 11
to 13, characterized in that it belongs to the Spirulina
or Arthrospira genus.

15. Use of a photosynthetic microorganism enriched
in organic selenium according to one of claims 6 to 14,
as a cosmetic, pharmaceutical or nutritional agent.

16. Composition comprising at least one photo-
synthetic microorganism enriched in organic selenium
according to one of claims 6 to 14.

17. Composition according to claim 16,
characterized in that said composition is a cosmetic, a
pharmaceutical or nutritional agent.

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

defined in claim 1.



