HU000034441T2
X
19 HU (1) Lajstromszam: E 034 441 (13 T2
! MAGYARORSZAG
\\\\\\\ Szellemi Tulajdon Nemzeti Hivatala
SZOVEGENEK FORDITASA
(21) Magyar tigyszam: E 13 728480 51)Int.cl: C12R 1/865 (2006.01)
(22) A bejelentés napja: 2013. 05. 24. C12N 1/36 (2006.01)
C12P 7/10 (2006.01)
(96) Az eurdpai bejelentés bejelentési szama: C12N 1/16 (2006.01)
EP 20130728480 C12P 7/06 (2006.01)
(97) Az eurdpai bejelentés kdzzétételi adatai:
EP 2855711 A1 2013. 12. 05. (86) A nemzetkdzi (PCT) bejelentési szam:
(97) Az eurdpai szabadalom megadasanak meghirdetési adatai: PCT/FR 13/051137
EP 2855711 B1 2017. 07. 12. (87) A nemzetkdzi kdzzétételi szam:
WO 13178915
(30) Elsébbségi adatok: (73) Jogosult(ak):
1255076 2012. 06. 01. FR Lesaffre et Compagnie, 75001 Paris (FR)

(72) Feltalalo(k):
DESFOUGERES, Thomas, F-59960 Neuville en Ferrain [(74) Képvisel6:
(FR) SBGK Szabadalmi Ugyvivéi Iroda, Budapest
PIGNEDE, Georges, F-59700 Marcq-en-Baroeul (FR)

(54) Xil6z metabolizalasara képes és inhibitoroknak ellenallé élesztd torzsek, eljaras eldallitasukra és
alkalmazasuk

Az eurdpai szabadalom ellen, megadasanak az Eurdpai Szabadalmi K6zlonyben valé meghirdetésétél szamitott kilenc hénapon bellil,
felszélalast lehet benyujtani az Eurépai Szabadalmi Hivatalnal. (Eurépai Szabadalmi Egyezmény 99. cikk(1))

A forditast a szabadalmas az 1995. évi XXXIII. térvény 84/H. §-a szerint nyujtotta be. A forditas tartalmi helyességét a Szellemi Tulajdon
Nemzeti Hivatala nem vizsgalta.




TECHNIE AL FIELER

The presend invention relates to the Held of veast strains eapable of metabolizing svlose and
alses exbubiting resistanes to at least onwe fenmentation inhibitor, o the method for oblaining

apoie, and to the use of thees veast strans for producing 2 fermentation praduct iy 8 medinm

TECHNOLOGIUAL BACRURRLUNE

Diocurent BOY

ot fedeserihe

veasts for pradocing sleohad innedia containing at

Said docoment

feast one pentose, vig the expression of the XEXDH metebolic pathway

desoribes fir the Hrat Bome the combinstion of an pverexpression of sylase momerase {X1}

aptivity with an overaypressior of xylitel debvdmgenase (XD activity and shows that the

X

verexpression of xyiitol debvdingonase acHvity suakes o peasitde to prevent the tdhibition, by
e o

xylitol, of xviose isomense aotivily, Dotument POT/EP2OLEOTIONG desoribes, for exavple,

/‘

the veast straiy deposited @ the URCM [Nattonsd Collection of Microorganis Cultures]

\;é

Cletober 3, 2011, voder nuamber 143380

7

(
}

By fndustial production of altohol by yveast fom Hgnocelhulosie hydeolyesios roquires not

oaly the gonotie machinery for metabrolizing pentoses, but also properties of resistance 1o the

fermentation idibitors present in thess Lgnovseilolosie hydrolyaates,

The fomentation mbibitlors ave progduced duniog the pretreatisent and the hydiolysis of fhe

Henoeolnlosio blomass, Among the formentation inhibitors are fraldehydes (Rufgd, HMEY

phenolic compounds and srgade aoids (ostic acid, ovabinde actd, formie acidy

Vartous mesny have boen deseribed for countoring the effect of formentstion wnhibilars, among

which are detoxification of the fermentstion mediom, bnprovement of the fermentalion progess,
o imaprovenient of the resistanes of veasts to frmertation inhibitoes,

The reststance of veasts i Bementation tohibitors has, Re-example, besn huproved peastically,

by divected evelation oy i:s};' acchmatization {Adnwada and Halee-Higeedal, Tternational Soagae

fournal, 2008, Vel 11, Mo, 1333L
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T3 TRETT924) desecibe yveast steaing that formsent

ARIALIE Ly

\xi oxe and that are reststant to weak ascids, such as seetiv aoid or formie seid, these yoasts belug

obtained by increasing the ensaldolase (TALY and Borroate debydrogenase (FDH) agtivities,



Honwgver i appears to be difioyd IS YUaSE SR WIHGH SIVER voasiywiuen

T 5
it tegst ong

are both o

There is s g resl neg

{oast ong pentose, mple xvioss

inhibiter, such as aoetic gold, sald veast sivains giving veasts which

&3

sleake] sven an ThE pratanss ot ar lesat on S5 PRI DI Th T
alvobol, even iy the prosonce of st lesst one ferrentation inhdbitor,

SUMMARY OF THE INVENTIOK

An obiget of the Invention relates (o the veast strain deposited on May 34, 2012 at the ONCM
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Another objeot of the invention relates o 8 method K oldaining a veast atrain capabls of

metabolizin RY tose and rogistant o sestic g0 ‘\i LR Yit\ii‘ ‘E‘“i PR oft

< groasing the vesst strain depostted on Oetolsr 5, 201 &

1

Collection of Mivraprganisnn Cultnre

deposited o May 24, 2012 a8 the UNC
o hvbrid,

-

< selecting w loast one hvbrid capably of oietaboliving wylooe and cosistant 1o soetic avid,

,.>

The prosent document alse dosortbes & yeast stoawn capable of metabolizing xvlese and rosixtant

2

o avetic avid, which can by pblained by means of the methed as delined above.

Alsn degcribed 18 & veast stratn dertved Bom g voast strain as defined above, charsg

that said dertved veast steain is capable of melabolizing xvlose and vesistant 1o avetie sl
Also deseribed 18 a veast obtained by cultring 8 vesst stratn as definod above or by sulturing

derived veast stran as defingd shove,

o & nwthed for producing at least one fermentation
produgt, conprising ¢ stop of formentation, under anaerobic conditions, using & yeast as defined
shove,

Annther objoct of the nvention relates to the use of o veast as deflued ahove, iy producing &t

o

Teant ome fermsdation product, preferably in g fermentation medivrm compyising xyvlose andior

s fermentation inhihitan

-

Other abisots of the nvention relate to g vulttee voanprising & youst strain s defined ghove and

g blogk yoast comprising o veast siratn as defined above,
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SHaURES

ON OF TH

© Ethanot production Oo glig ot fermentation mediom) over tme {in hourg ty the

o

YHRON-AC formentation medivm, at 329

w{Eguarel, the BD veast sto {trlang

strain {oronsl.

aned production {in gk of rmentation nadium} over thne din houra) tn medimy

» by the BA83R vesst stran hiemond )y, the BDT veast sirain (tangley and the BEDI

s
&

3 Bihanol production (o gkg of Brmentation medivm} over tme (o howsy in mediom

)by the TASER veast s (disnond), the

strain (vircked amd the BD3 veast strain {orossy

&
3

4 Ethane! produchion (n giog of formentation medinny) over tine {in hours) in modiam

o Fog

B, ut 38%C, by the M4E3E veast strain (hamond), the BDI yeast strain (irlangle)

strain foress)

The oxpresaton “veust straty” donntes 8 relatively homogensous population of veast calls,

A veast stradn 18 obtained from the isolation of a clone, & clone boing a oell population obiained
from & single veast el

Ths feon “exogenous™ gene iy itended o mean & gene whind ix not naturally proseat s veast

steain of the species noder conssderation.
The term “endoponow” gene s ttendad £ owean a gene whieh 18 naturally present t a youst
steatn of The species wnder corsideration,

DR

A xylose isomerase or KT denotes heredn an enzynme capaide of voopverting, in ¢ single step,

Di-ysiose to Daxoviviose and which covesponds to the elass B8 8.3,
A xylite] debydrogenase or XD denotes herem an sneyme capable of converting, 1o a single
step, xyhiol to Docvlulose and which coresponds fo the claw BC LLLER

rnh,

ose roductase or XR denotes horeln an enzyme capable of converting, w a single step, D~
wytose to aviital ad which cotresponds to the dlass BO 1L U307,

o

A Dxvhdekinase or XKB denotes heretn an enmyme vapable of converting, i a single stepy, B~

i

svtalose o Dy

P

ulese-Sphosphate and which corresponds to the class BC 27117
The GRE} geoe encodes an sldose soductase angvne whilch comresponds o the dlass

EOLLIAL




The REE gone sunoodes a Daatbudose-ds

he olass DO 8.L38.L

FETTT v m oierredae o wihvescen A 3 i w5 s
Fhe REH geowe snoodes 8 tihose-Sophosphade ketobdsomerass an

e whiteh corresponds to

The TRLT gens encodes @ transketolase sneyvme which corresponds o theelass BU 22114

The TALY gene encodes 8 transaldolase suzvime which comvesponds to the olass BO

AR & s ¥

A profolropiio yoast sirant 15 8 veast sitatn capable of growing on & minimom medivm, In

parfivadar & prototrophie vesst steain ¢ gapable of synthes

g all the anune soxds aad bases
required for s growth,

A mimmen mediem is @ medium comprising a carhon sowvee {GiHO), an inorganie nitrogen
JOUIE, R “&\g:\\‘?\iiﬁi} KOV, & §‘.‘-}'i{}€\.’;i‘?§'§{.-‘i‘}§5 SUBATOE, & S‘ﬂ}fs}}" SO, 8§ :dk‘?}i\‘{! WY OB, 8
Laloim SOUNCE, 81 1on SGuree, & trace dloment svurer and water,

Anexample oUminbmom medivig v the YNBOY sast Nitrogen Base) medivnyto which g carbon
souree {for exarnple s sugar) and an inorganio witrogen souwrse (for example ammondey sulldte)
ave added,

The YNB medium comprises, per lter: 2 pg Wottn, 400 gg calchum pantothenate, 2 pg folie

actd, KM pg nesttole, pg niscin, 200 ug paamincbensoie sold, 400 pg pynidoxing
> PR % FeEx SRR ? RN

fvdrochlonide, 200 pg riboflavin, 400 gg thiseme hydrochlonde, S8 ue borle acid, 48 ug

2

copper sulfnte, TO0 e potassiv dndide, 300 pg ferrie ohionide, 400 gy manganese sulfte,

3

200 pg sodiom waivhdenate, 400 gg sine salfate, T gmondhasie polassin phosphute, 300 g

&

A

spnesin sulfats, 10w sodinm ohlovide, 100 mg calciom chlovde,

>

&l srmonium

sulfute, fingl pH 34,

amelior by mutation andior }

A veast stradn derivad by crossing can be obtsined by crossing & veast strain apcording 1o the

strain, with another veast st s aconndi By W the oy Xii{,\{}i\\ ar

’/

invention with the same yoast
with any othey veast sbrain
A veast stradn devived by muptation can be g vesst shain hoving widergons ® leadt one

spontaneous mutshion i % penonie of at least cne mutation induced by mudagenesis. The

wmutationd sy of & dertved steain may or toay ot be silem,




The expression denvtes both sandom wiutapenesis obtatned by spelving

VN e et e e Vigde < SRS S
vachiation {(Re oxample UV racistion) of using nnitagenic chonival age

<

tg, v nvertion orads

divectad mulagens ol ag exogesous DNA Ragment
A yeouat strain derived by genetio tansdormation 18 8 veast strain fude which has beesy butvechwed

&

2 DNA soquence which iy pretorably provided by s plasmitd or ntograted dtrontly hte the

HOnGmg,

of the preseat invention i to provide

rend,

& veast steatn capable of metaboliving ab least

one pantose, 1 parteular xyvlose, oven in the pwesenee of @b least one fenmentation huhitdtor,

For the purposey of the invention, o yeas! strainy capabie of

o
277
xn

wetabolizing xviose i 8 voad strain

capable of producing ethanol in o medium compeising xylose, under anserobic conditions,

i ;m“mﬁas A veast strain capable of metabolizing xvlese v g voast sttain capable of comverting

wylose wo othanol, Lo capable of Rrmenting ovloss

~

The conversion of xyiose to ethann! results frean the Sirsct or indirect isemenization of xylose

0 wyhdose, llowed by theuse ol the resalting xvhdose by the sonoxidative part of the peatose

phovthate pathway.

For the puvposes ot the pvention, 8 yeast strain capable ol metsbolising nyviose (s a yesst stvain
which converts at Teast 7%, preferably gt toast 80%, morg preterentially at least B8 ol the

yylome to ethanol in 60 hours 1o fermentation wsadien comprizing 8% geod gloeose w48 gof

srnertationmedion wnder anagrabi condifions,

o with the veast stratn used foomeasure the pereentage of xyvlose convertad o

py

ethunol is prefersbly 023 gof dey matterkg of feomentation madtun,

The pertod of 60 honrs 1s calenlated starting from the inponlation of the veust strain into the
fermentation medinm

The fermentation medivm gsed 10 wmcasers the porcentage of wylose corvarted to sthanal i3

proforahly g synthetio medhan,

3 3

A synthetiv medivm is 8 medinm of which the exact chemival conposition {8 know

A syrtladic medinm used heveln pomprises a surhon seurce, & nilrogen souree, 1 phosphoras

U/

yree, and also the viteming aad minerals essential for the growth of g yeast steain,
The fermentation medivm vsed to measure the percentage of xyvlose converted (o athanpl 8

preforably the YPGX synthetic modivn comprising 33 gk of glucose, 43 gk of xylose,
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3ok ol veast ey sprt of aostio aetd, the pH belng sdjusted
to S with KOGH,

fo the YEPGX medham, the avetio aokd present at s concenteatinn of 2000 ppat st pHU S has vo

O, with moderate stinning, for example 86 o

The stirring to moderats so as not fo be oxygsaating.

&X

The pH of the wmedium is preforaldy controlled, for example by the bulfecing copacity of an

actd/hase pair, e example the aeetio aold/acetate bufforing capacity in the YFGX mediom,
The wnount of ethanol present in the Roaentation wediwn is messored by any appropsiate

ans rown to those skilled o the avt

Hmay involve g ditsst tossstivsment of the ethanol produced or sn ndirect measurement vig a

parameter which correlates with ethanol production, such a3 the loss of mass.
For example, the alechal production ean be nwasured by chromatography, i particudar by
HPLC (High Perfomance Liguid Chromatography), s enzymatic kit (e examnple the ethaned

sving kit from Roghingen), ¢ shsay using potassium dichromats,
The smount of welose present i the foveutstion medivm 18 mooaswesd by any sppropriate
means kuown 1 those dalied in the art, proferably by chromatography, i partivadar by HPLE,

The us

i’)

of a fermentation medivm comprising both ghuovse and xylose makes § possible w
avpluste the conversion of xylose & othane! using & quantity of biemasy which s comparable
fo the variogs veast strains evaluated. Indeed, the veast straing Hirst formeny the glucose of dhe

glucesse and xylose nushwee, and then the glucoss and the xvloss

The capacity o metabolize xvlose in the presence of &t least one formentation nhibin iy
deseridbed as a ronstance to said fermentition inhibitor,
It the context of the present invention, the formontstion inhibitey is preforably acefiv aud.

ftis the nontomized form of acetic acid, starling from & coftain coneentration, toomed toxie

tv and theeefore Hir it nbibitoey offse,

ooncentration, which is vesponsilds for o8 foxion 3
For example, 8 concentration of 4000 ppm of sceliv acid af pH 4.4 18 2 toxde concerdratinn for

such ast

St

)

strains not rosistant to geolio gond, ¥ veast sirain,

During formentation under anaerolic candition s, the inhibttory effeet of scetic acid resully in
partioutar in a delay of the ndtiation of the converston of the sugars o blomass and to ethanol,
The resistaneg o acttie auid v moasured hereln relative o the delay of intHation of the

conversion of the sugary to othangd, Lo to the delgy of nttiation of alvaholie fermentation,




The aleoholic fermentation Quve representing the ameant of aleohol produced as o fonction of
time generslly comprises thrge phases
~a batenoy phase, during whish there i vo sthanel production,

an ateohol production phase, and

- ¢ plateay phase, which vorresponds to the ongd of the fermentation,

Eat

The delgy of the infiation of alonholic fermentation corvespouds hereln © the axds at the

ovigin of t Hiw reprass ¢ ki deddvative of the sicohol produgtion vass
origin of the Hoe representing the st deddvative of the sleohol production s

More simiply, the delay of the lnitation of alocholiv {ernmutation correaponds hgsein o the

x-axis at the origiy of the Hoe corvespending to the slope of the alenhel produstion phase.

it 1o acetic achd is defined hersin w a yeast strain having a delay of

mitiation of alvcholis frmentition of o than 30 hours, proforably loss than 29 hows, nwwee
proferentisiiyv less than 28 houes, tn g formeatation madiom comprising 4000 ppmofsestic acid
atpHad

The fermentation medhan wsed | evaluating the reslstance o scetie acid s prefesably a

synthetio medin, nwre wefercntislly the YEAC nwdiun

The compusition of the YFAC medivm e the llowing 1580 gh

& of yaast
extract, 4.7 ghg of DAP {dlavumontam phosphate), 118 ghg of itvie acid, 4 g'kg of seetie

actd, 138 gkg of sodhon vitraty, adkg of Twesn 30, 2 wilky of 2080 (st 108 1),

L3 milfep of MeSOe THAO {1400 g, 1 kg ol ihamne (ot 18.24 ¢, 1 salikg ofpyeiloxing

fat 328 gy, 1 omobkg of biotin (a0 1.76 ¢}, 1 wildkg of pantothenate {88 38 o), 2.8 mbkg of

&

nivotive aeid {at 8 g/}, | midkg of mesomosital {at 30 gh, L mikyg of nboflavin (st 1 gl

bk of passaminobenzoate {81 1.3 @), ol adjusted to &4 with KOHL

The inoculation with the veast strain osed iy evaduniing the resistanse o aoetic agd w8
wreferably 028 g of dov matterkg of formentation madium,

The time =0 of the glonholin fnmentation curve corresponds to the tme g which the yveast
strain s ineoulated e the fermentation medivm,

The sleohalie farmentation s carmisd out wnder anserobic conditions, preferably af 32°¢C and

o

with moderate stivving, for exanple 80 rpa

7
-2

The stirring 15 modorate se a8 not to be exyponsting.

b

i

g capactly of &

ooul of the medivn s preforably controlled, for sxample by the buti

food
Yo
v
7

aen

aridvhase paiy, for example the seetic ackdscetate butfering capaaity tn the YFAC mediom,
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1. NI R on, Faeesr o F ety e SV ST B oxarrant Ry e U i e e e N e Y ey Eyry e s vy e
Ty the YEAC formontation snadiian, 8 veaxd sieaivnot veslstant to aootie aoid ot have i Giay

of iittanion of alcoholio foomentation of at least 40

gl to obtabn @ veast strain capable of witabolt even i the
TN . NI NI . ST cast ettty T B e e 4 3
PYOREnCe Ol acelic sug, staviy ng front 8 veast siraln which v effoctive i terms of vonversion of

aviose 1o etfegwnl,

stoatrain which v offsctive n tenviey of corversion of wylose to ethaned, chosen as

This

starting steain o be nproved with 3 view to conforning theredn & charadtonistie of resistance o

wid s the 4

acehiv Soveast strain deposited under the troaty of Badapest on Ootober 5, 2611,
with the CONCM (Natinnal Collection of Microorgansm Cultwres), 235, rug du Doctenr Row,
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fennentation meding compaising 55 gol glocose and 45 gof xylose per kg of medivm,

However, the 838 veast stradn i pamicularly sensitive toe aeette apid) it has g delay of

i

intiatinn of alocholic fenmeniation of ab foast S bowry oy g YFAs fomendation median

comprising 000 ppee of avetic sad st pH 4.4

ot

The Ay cerevisine strgin oblaised by divected evedution

7

<A538 yveast steain iy a Swecharony

from 8 yesst st jeifnﬁ:iis::-eﬁi}}f modified by
« the inserton of at least one copy of s exogeneus gene encoding & wylose somerase

N B I i T T T T I T S S RS S AT w N 5
(R of Clossricdhon plytofermeniany, under the control of the pADHT prometer and of

5

,w.
o0
A
087
Fiae
L
«/‘
;;’)
g

TRy F}t:‘} alx M
< the sertion of 8t losst one copy of snexngenous gene encoding s xylitel debyvdrogenase

XDy of Pr

i

shia sHpis, ‘u}.:-{itj:; the vontrod of the AT pronseter and of the OY T
ferminatay,
~ at least one sopy of the TALL endogenots gone placed under the control of the pPGRL

promtoler,

Tt

- at lsast one copy of the TRLL endogencus gene placed wnder the controd of the pTBH3

promcier,

penots gene placed under the contvel of the pTDHR
proweier,
~ ot feast one copy of the KK endogenous gone placed under the control of the pTDH3

promaotes,



& : y AT P e S TS N RN NS oy 33 <5 SN o TEYen vy
~ the dnsorton of at loast cue copy of an ondogtooe gene sucoding o xyhdokinese

~

(RN vnlor the vontrad of the pADHT promoter and of the UYL terminatar, and
the deletton of at least one copy of the upen verding fame of the GREY endogenows
gene eneading s aldose raductasy

Fhe BASAE veost strabn v devold of any restdual sele

ararker
The 453N youst stenin dogs m comprise g gene onpcasting an AR of sxogenous arigin, mor ay

N
aad, amB or Avald gone.

e exogenous gene encoding a ayvlose isorperase (X1 of Chaaidien ‘gt?:fk‘_}_??c'.lffé??‘??‘ls‘;?é‘is"i}s”i\S' wthe

5

ne of eptinyized sequance SEQ I NG 3 desortbed tn documpnt DEID200RO3 135

The sxogenous gene envading a xylitel dehvdrogenase (XTH ) of Plodie siipitis  the gane of

refordoce sequence ASS3RLT on Genban

i

X

The pADRY, pPGRI and pTUHD promoters are promoisrs of Ssecharamyoes cevevising

<

N

The OYVOT eomingior 12 g promotey of Seecharonyoes cevevidice.

The F4338 veast strain ix sn industrial yeast stoain which 1 aneyplowd

iy order Yo confer a property of restatance o pontic aoid on the L3R yoast stram, but withoas
substantially modiBeng e ability o molabolize Kyinse, the nventons have chosen 1o use the
stratn croxsing techoiqus

To the knowledge of the oventors, s the fivst Hme e the orossing technigee 8 used
improve a genetically modified susuptond yeast strain.

fndeed, those skilled in the art would not at frst glance envision gsing the crossing technuue,
shen the sterfing veast strany

~  eomprises po fowor than sight penetic modifications whoch must « peiort ba

&

e
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et
e
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to the selected segregamus,

~ s oar ansplold veast stram and there aro sogregatien probloms in the abseove of sinigt

diploidy, and
- hay undergone a step of mulsgenesis wn the context ot directed evolution, which may be
responsible for difficoliies for the crosses, o partionke i the vase of cleamosomal
sransiocation responaible for gormingtion problems
Crosses were thus carviad out bobwosn the B4S3E youst strgin and youst strging which ate
reststm to acoic aold and pot genetically modified, Le, do notpossess e gonetiv machingey

vergived for xvloss formentstion.



: i
The veast siraing vesistant o scetic acid, wsed for thy crossey, have o delay of inttiadion of

atecholic feornentation of less than 14 b i the YE Ao fermentation madiun

The veauits of the

wite not conclusives while the charagis bt aseslic

acid wa indesd tramaferred to the hvbnidy, the latier were mueh loss affective than the starting
4838 voust strnin o converting xylose o sthanad,
Al best, the hybride obtatned converted 408G af the vlose 1o eftvet in 60 howes inthe YPGX

forrnentalion puinam LOMPIsY

and 48 gotnyviose porkg of medium
The ivertors tied o tngyonve the xylose formsatation of these hybruds by divected evoluting,

Bt withont Rurthior sieoess,

The pyvemtors have therefore dompnstrated that, it order o toansfer the chag

stacteristie of

sesistanee toeaestio acld by erossing, without losing the ability fo efficiently mptabolize xviose,

7
Ficd

it iy necossary 1o oross the B veast shratn with & yoast siram vestsiand 10 soetic aod which
Bae a shvilar genetic backgroond, Le which also hag the genetic machinery for metabolizing
xylose, bat withoo! necessarily being effeotive in terms ol metabolizing wlnse

The voust siradn used, whinh both 1 roststand 10 seetiv actd and alse has the gonstiv toachinry

for mictabelicing ylose, s the Suecharomycer

erpvirios steain deposited vudir namber 14827

&

gnder the treaty of Buodapest on May 24, 2012, with the URNOM (Nattonal Collogtion of

Migroorganism Cultares)y, 28, vue do Bocleur Rouy, 73724 Pans codex 13, France
Thus, by crossing the OISR veast strain with thy BEGZT yveast strady, the nventors have

obtainad youst strains which are both effective for nistabolizing xyviose and resistant o aoetin

X

G,

An ahieet of the present brvention iy thus the yeast strain deposited with the UNCM under

P

number B4GET,

The 14627 straln constiivies one of the beo stariing strains fov obtaining the veast sfrains

posy

aceording to g invention.

4...

The R8T voust straln is & novel yvoast stratn, obtained by mmeans of sn origingl method of

prossing an sneuploid yeast sbrain which is reststant 10 soetio acklandrot genetically modified,
with & genstically wodifed ancuplowd yeast stratn,

The L4637 veast stratn has thus been ablatned in the hllowing wav

selection of g veast steain resistant 1o scotic aoid, veo wineh bas o delay of infiation of

3 X

aloohudio formentation of toss thon 14 hin the YFA fermentation medium,

o
)

- selootion of 3 veust sivain genetically moditied by




& us gene encuding a wvlose
isomerase (X o Closesicdluan phyfoformenicny, ander the control of the AR
'§§s‘<;ss‘§§<}is:ir and of the YU terminator,
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2 atloast one copy of the TA

s gene placed under the control of the

pPGRE promoter,

oooat least one eopy of the TREL sndogonous gene placed onder the contred of the
pTDHR promoter,

cooab least oue copy of the RPET andogenous gene placed undey the vontrnd of the

TS prosmeder,

%
v

least ong vapy of the BRI sudogenous gene placed under the contrel of the

yr}

pTDHE promoter,
o theinsertion of at least cus copy of an endogenous gene sncoding s xyvlulnkinase

N

1y onder ths contrnl of the pADHT promoter and of the O CH terminator,

{2
aud
o the deletion of gt lesst one copy ol the open rosding Hame of the OREZ

sndepenous gone ancoding an aldoss reducting,

Featd vosst strain vesistant 1 acelic ¢

w1 with ssid genetically modified yoas

stoain, soas to obtain a vbnd,

o ohiain the 1482

-

P oyeget slratn comprises o loust one copy of an exagenous pens sncoding & yylose
iviciermentuas, under the contred of the pADH T promster angd

of the CYOL i‘am‘ziiuﬁ;{m st least oue copy ol an exogeuous gone eucoding 8 xylited

fefda sripitis, under the contrel of the sADHT promoter and o
YO torovinator, 8 loast one copy of the TALT endogencus pene placed under the contral o

the pPGRL promacter, at deast one copy of the TRKLI endogenows gene placed under the contrnl
of the pTIHY promoter, &t least oue copy of the RPEL endogenous gene placed wder the
porirol &F the pTOHY wonter, at least one copy of the RKI endogenous gene placed undey

MY proanoter, ab loast one copy of an eudogenogs gene anvoding a

k-3

¢ the control of the pADHT proweter and of the C¥CT terntingior,
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sldose reductuse which &

vesst straby, the exogences gens soveding @ wyleae somerase (XD

fofermenta 18 the gone of optimized segquence SEQ I Ny 3 desanibed

document DEIGIOEEAI 1350 srvlihe exogenous gene encoding & wylvol delivdrogenase (XU

Sk,
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e sequenee X

v residual selectable marker.

fiae 8 gone encoding an XR of exogenous origin, nor an

soant airaitt is an tndustriad veast strain and 1 aneapload

¢ vorst straln s profotrophie.
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Phe resistancodto soelio sod of the 1dd

for an indostingl apphication

Thus, the 4627 veast straiy has a delay of inttiation of alooholic Rementation of Tess than 20

houes e the YFAC fermenthaiionrnsdiunt,

o,

Ax ropatrds the offsctiveness onoxylose, the 14627 youst strads converts approximately 60% of

gyione to othanel, wnder sierehic {:‘.snﬁ,iiém'i&, iy B0 howes, it dhe YFOX fermentation medigg

yof miedium,

eost sirain s thas

and which posscsses the gen ich 8 not capable

of metabohzing yylose Ryt ppoeses of the vention, 1.0 which 1 incompatible sith ag

trcdusivial use with a view o othanal production,

The fventors have theretore crossed the T433E veast stratn seith the L4827 stoain, o onder o

oblahy a vesst sirain capabie of metabolising xvlosse and resistant toacetie avid,

Anobjset of the present ventiog ts therefore ¢ methad for obtaining » yoast strain capable of

metabolizing xvlose and resistant 16 et

L comprising the steps of!

- grossing he veastatrsin depogied at the ONCM [National Collection of Micraotganisn

HE Yea st stvain h&pﬂ\i{&i* at the

e

CNOM ander the

Coltures] wder ranuaber b

awraber BAO27T so av to obisin st least one hyheid,




o and vexistang o aoehivanigd,
SO A% e obdadn v verad stratn capable of metabolizing xylose sed resistant e aceic acid,
Ag defined above, the veast stealn capahle of motsboliding xyvloso and resistant 1o aogtic agid
acvarding tr the ivention has the following properties:
it converts ot least 7096, preferably at lesst SE%, wove preferentially st lonst 80% of
wylose to gthanel in 60 hours 1 the YPOX frementation wmedinm compeising 33 g of
slucose and 45 gof xylose per kgof fenmentation medivm, suder snserolie conditions,
and

o
fen
1

« i has & defay of imtiation of decholie fermentation of fess than 34 howrs, preferably
29 houra, mere preforentially less than 28 hours, in the YFAC formentation

mediny comprising S000 prwot acstic aoid st pH 4.4,

The crossing step 18 carriad onf aocording © he cotvsationa techaiques, such as those tsughe

2w

in chapter 7 “Sporulation wud Hybridization of Yesst”™ by KR Fowsll, of the reference book

Wy o

The Yeasts™, volwne L edited by A HL Rose and 18 Haegeon, 196% - Avadomic Prass

i order to tmprove the efficieney of the methad for obtaining @ veast strain according to the

irvandion, 3 i particularly advantageous i perforny 2 solectiog on the sogropanis dorived Som

the 14838 veast strain anddor on the segragants dertved from the 4827 veast sivain

heosegregants of the L4338 veast stratn which sre wed Rov the orassing ave preferably selected

The segregants of the 637 voast stravn that ave vsed 1o the crossing are seiocted on the hasis
of thelr resistane 1 avebin agk

The method sa defined above may be clusactorized fn tat said crossing step comprises

a step of spotulation of the veast sirain depostted at the ONCM [Nsational Collection of

-

v Colfures] under nuimber 1538, 80 a8 to oblaty gt least one segregant X,

Microorganis

o

< an opticnal step of evaluation of the conversion of xylose to sthanol by at least one

~

spoof sporufation of e veast stoain deposited at the ONCM undsy number 14627,

o3
i
P
23

50 45 1o obbay af least one segregant Y,

- an optional step of evaluation of the resistanve to acetio seid of at |

st ang Sx’g}if:g;&m




< a step ofhvhridization of at least one sogrognt X witlo ol least one segragant Y, saig

ein

e
3.\ P

bl of converting xvlose 1 othangl aaddor smd segregat Y

yoN

S i i et s e eyt Tt ke Triteals
farses o gostig ACHY, 8 asto shtmn ol Isast one EE} Qi,‘&i-

The steps of sporatation, sfevalnmion of the conversion of xovlose to ethaned and of svaluation

of therosistance to avetic avid van be carried out i sy desived order, as long as the sponidation

of & given veast strain is performed betbre the evshuation of s segregants,
For sxample, & method, a8 defined above, may be chavacterived in that said erossing step
peanprises
« o astep (‘}fs;}{).i‘iji‘éiiiiu of the veast siratn deposited at the ONUM [Nations! Collection of
Mivroorganism Cultures] under nurober BAS3E, so a3 to obtaly at least ong segregant X,
- arcoptional step of measursment of the pereentage of xylaae converted to sthanal by at

lcastone segrepant X, wnder stasrobic conditions 10 60 howes in o ferwentation mediueg

Do

comnprising 55 g of glucose el 45 g of xyvlose per kg of sard mediuny,

ain deposted at the {0

& step of sporplation of the v CM under nunber 14827,
gevax o obiain ot teast one segregant Y,
~  an optional step of measurement of the delav of inttiation of sleokalie Rormentation of

at loast one segregant Y in & fenentation medinm comprising 4000 ppm of acebie sad

a step of i}\ bridivation of at least one segregant X with at fvast one segregant Y, the

3

segregant X c:s‘)fweﬁi.r;g st logst 60% of wlose fo ethanol in 60 howrs adior the

T

having g deliyy of lnitiation of wleoholic fermentution ol tees than 38 hours,

[

so-ag o oblatn gt least one hybwid

The steps of sponidation, of measurement of the percentage of xylose converted to othannl and

Dors

eyt of the delay of intiation of gleshelic formentation can be cardiad onl i any

destred onder, av long as the sporulation of a givern veast stradn 18 performed before th

L457

megsirement of the selection parameter apgried to the segropgants of s sirala,

The necalation nssd for meastring the pereentage of zylose converted 1o othanol by at least

po

o segregant of the L4538 veast strain i preferably 25 g of dry matterkyg of fermentation

P

miedium.

o

The fermestation mediu vsed for weasuring the percentage of xylose gonveried to sthanel by

at Teast one segregant of the LA veast stramn s pr

forably the YRGX formentation madinn,




s 3 SRR S S SRR . o
e thait the starting anewpiond

1

stvain i devms of metabolizing xylose. Consegeenthy, the selection eriterivn applied regarding

the conversion of xylose to sthano! @ less demanding thay the abnlily of e slarting |

g -

SRR

$338 veast strain msy be selecied ) under annvrobic congditions, it

o to ethans! i 60 hows in g formeatation medins compriaing

55 g oof ghucose and 485 golpvlo

seoper kg of suid wediu, proforably ot lesst 63% of xvloss,

evenmors preforentiaibyat les

In order to optimize the duration of the segregant seloction step, It s possible fo measure the

&

convession af xylose to cthanol by the segregants of the BAS3E yeast stratn over the course ef

) N

¢ shorter poriod, S example over the course of 48 hours,
£ Re

g

Thug, & segrogant of the A8 veast strain may be selected i under anserobiv conditions, 1t

FRrs

converts at least 0% of wylomse o etbanal By 48 Twars o s Romentation weditan comprising

. o

s v 43y cof ylose por Ry of sad modivm, profersbly at least 85% of xvlosg,

X

gven wwore proforentially at least T0% o xvlese

& segreganm of the LEGRT veas steatn may da selonted i it has o delay of imtiation of wloohalie

feroentation of tosy than 30 ooy, predieably foey than 29 hours, more preferentially loss thas

2R hoors, o formentation medinm conprising 4000 pom of acetic avid at pH 4.4

However, surprisingly, the majosity of the sogregantes of the 637 veasl strain are roove

restsfant fo aceie acid than the starting BE637 veast stradn, Lo thadr defay of mitation of

slonholie nmadation 1 loss than that of the starting Bdad

1g e resistanee o acetie acid ix thexefore preferably

LSy 2

The selection eriterion apphied ¢

more demanding
Thi, u segregant of the B4G27T };’i‘ﬁ*i?ﬁ'? strain may be selected 103 hag g delay of (nitistion of
ateoholic feementation of less than 25 hours, prefveabdy ey than 20 hows,

e

The fermentation medium used for measnring the delay ol initiation of alecholie foomentation

of af least one sogregant of the BEG2T voast stradr s preforably the Y FAe formentation mediom,

The wocuistion peed oy measuring the delay of Inttiation of slecholiv fermentution of at least

oG sugrepant ¢ strain is preforably 8235 g of dry matterdg of Srmentation

medinm,

The segregants of the D637 veast strain can alse be seloctod on thotr ability o convent xylose

to sthanat.
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Hivwever, surprisingly, the best hebrids have boon obtained using sopreganta of the B2 7 sivain

ou to guatic acwd

selncted naly oo the basis of

Preferably, the hybricization step |

T

~at least one s nt X which souverts al lsast 8% of xylose to othansl, preforably af

e of welosy, sven more prederentiadly st least

preforably i 48 oy, and
< ab least oue segregmd Y which ks deday of infiation of slecholic fermentation of esg

thiary 30 hours, preferably less than 38 hours, more preferentially lees than 28 bowrs,

mere preferentially loss than 35 hours, oven marse preforentiadly loss than 24 howrs,
he hvbrads thoas obtained are then seleded on the basis of the bwo oriteria their ability to
metabalize o ovlose and their resistance o acetio aidd,
A moethod, av dofingd above, may be charasissized 1o that said step of selogting gt loast one
bvbwid capable ol metabolizing gvlose aod vesistant to aoetio aod comprises the steps of
- roeasuring the percentage of xyvlose convarted o othanol by at lesst ane hybnid wader
gngerohic conditinns tn & hours i a feomentivion medinm comprising 3% g of ghicose
and 43 got gvlose par g of fevmeniaiion madiom,
- peasuring the debay of idtiation of alvoholie fermendation of at least one lndbrid n g

formentation ndhunt comprising S0 ppm of acette soid at pH 4.4,

< sedecting ot toast ong hybrid whdch corvverts o toast 70%, profonshiy at Toast BO%, more
preferantially ot logst S0%6 of xylose & othaun! in &8 hours sd of which the delay of

witiation of slvoholic formentation e less than 30 houe, profombiy Tess then 2% hours,

8 than 3R hours,

30 1o obtaln g yeast sirain capable of mstaboliving Rvlose and resistant to acsiie acid,

The ovder of the steps of weasuring the porcesdage of sylose converied o sthane! and of
measuring the defay of inttiation of slosholio formentation s of go Importancy) they caa be
carried out one after the other, v one divsction or the other, or & the ssme Hime

The colitions for measuring the percentage of conversion of xylose t ethanad and the delay

o

of mitiation of doohudio fermentation are as defined shove

B desenbed heorein a msthod for ebtdining g veast strain capable of matsbalising yylose and

rosistant 1o acetic aoid, covpprising the steps of




grossing of the at the UNCOM Collsciion of

Microorganuun Collures] w with the yeast straln deposited ot the

CRNOR under number ST, sid orossing stop compiising the stepy ot

o sporplation of the veast sinain deposifed at the ONOUM under nomber 3338, so
as 1o ohiain at least one segrogant X,
o vosasurernent of the peroantage of xuloss convertad to sthanol by at lesst one

segregant X i 60 howrs, ;x‘&::}‘é';‘ﬁbsiy i 48 heurs, v & formentation medium

comprising 384 ad 45 g of xylose per K of sald wedtn,

s
»1
,.,.\

oy seloction af gt least one segregant X which covverts at least 608 of xyiase 1

7, k3

sthanol in & hours, preforsbly in 48 hone
& osporulation of the veast sirain deposited ab the UNOM wndey number B4827, 50
ay foobiain al lgast one seursps Y,
o measwrerment of the delay of inftation of alooholic fermentation by at feast one
o

segregant Y a foomeontstion modiim comprising 4000 ppmoof acetio acid at

pH 4,

5}
2]

slection of at Toast one segvegant Y which has & delay of toitiation ofalooholie
fermentation of less than 30 howes,

hybudization of o least one segregant which converts al Teast 6% of xylose o ethane!

in B0 howrs, profersbly o 48 howrs, with at least oae segregant Y which has ¢ delay of

N

niation of iess than 30 hours, 50 as o obain g least ons

selection of at least one hybrid capable of metsbolising xvlose and resistant to acetie

asls

b

§, suid sefochion step comprising the steps ofd

o meassuring the perosatage of xylose convarted o ethianol by at toast ane hyvhd,
wder arasrobie congditions, in 60 hours, in a fermentation mediunm comprising
38 g of glucose and 438 g of sylose par kg of formentation maedium,

o measuring the delay of inttiation of alecholic fomentation of said ot least cue

hybrid i1 fermenistion poditen conprismg 4000 ppm of acetic said i pH 4.4,

o selecting at Isast one hybnd which converts at least T0%, protorably al least 80%,

more preferentiablly b loast 80%% of syiose 1o ethanod v 60 hours and of which

-

the delay olipiligtion o sholie Termentation s loss than 30 hours, j;}i‘&fémbi}f
feex thuey 29 hours, move preforentially fess tha 28 hours,

so uy tooblatn g youst stratn capable of metabolizing xylose snd resistant to acelic aoid,
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Ax indicated above, the order of the steps ol the crossing step v of no inportancs, fust s the

arder of the steps of the step of selecting af loast ane hybuid s of no Impovtaies

’i(l

% >, Wl & e Vi orA A e ~
Preforably, the hybridization step i carried ou between

- ot lesat one s&tg}ﬁegm‘it Xowhioh converts at loast 6% of 1k

srgforsbby w48 houes, aad

5

~at least on segregant Y which has a delay of unts

ahole fennentation ot less

than 30 hours, preferably Joss than 29 hours, mwore preforentially loss than 28 houes, sven

more proferentially less than 23 hours, even more preforentially fess than 28 howrs,

The method cap optionally comprise a divected evolution slen

.

The divectad evolution aop may be carriad out ot a hvbeid not selected during the selaction stip

ofthe mothod Beobisining 8 yveast sirain capabide o melsbolizing xvlose sngd resistant o sestic
sokd as defined above, with & view to rendering saxd hybrid eapable of metabolizing xylose @

ethanio] andfor vendenng W resistant o acstie aond

Iv desceribed hersin a mothod as defined ghove for oblaindng @ yosst siraln capable of
metabolizing tylose and resistant & acelic acid, c@;mp;stimm the wi\h AR

weattg of the veast suain depostied gt e ONOM [Nationgl Collpotion of

v

Microorgantany Oultures] under pumber BAS38 with the veast strain deponited at the

ONOM under novber BandT so s o obtaim at Teast pae hyvhad,
- diveetsd evedution of at loast one hvlrid,

selection of gt legsl ong 'i‘;}»"b}:ié: capable of welaholizmg xyiose and resistipyd ©© el

acid, 50 28 o oldain & yoast strain capabis of watabolizing xvless 0t to seetic

agid.

The divected evolution slep comprises the ollowing substeps:
« mutagenesiy, 89 as o oblain nuants, and
muiiiptiogtion of the wutants, i C}'s:fiic cultures, pnder hyvpoxic eonditions, 1 8 culture
yaedinm comnprising xylese andior o Termontation inhibitarn
To simphify, the mutants obtained ol the ead of the dirested svolution step ave sl deseribed ax
fovbirids,

©X,

The expression “under hypoxde conditions™ sigoifies pnder conglifions of oxyyen deficieney.
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A axyvaen g

n percentage of Toss than 206 of the air

The by

sy, Lo oblaned by exposurs of the

hgics ot colls to UV sadintion st 83d amv el

", for exannde 300 Fem®

;-.4

MY

¥

Yoo 16% of the cell population subjected o

These sondifions canse a wmortality rate of gnly 7
the UV radiation

The movtality sale is determined by plating owd, on dishes of medinm o which the earbon souree
fv glcose, sn entivad volume of the cofl atspension before and afler muagenests and by
s after a8 hows of growtl

pertipening the ninber of oland

The multiplostion ¢

fon

{ the mutenis 1n ovelic cultures, vodsy hypoxie conditiony, o oulhes

o

motinm vemprising xyvlose andéor an tnhibiter comprises, o7 exanmple

<

3 othe cultre of the cell popplation subjected 1o the mutagenesis, in & vultre mediom,

£5%

s
E2

seith stivring, under hypoxic conditiony, proferably ot 330C,
by the sampling of o vehe of the culture obtatned in slep o), for example omsml, and v
incsulating i into @ cultwe mediam having the same compositicar as i sop al,

stepa a) and By being repeated af lsast 3 thmes, prefevably at Teast 4 thmes, for example &

fiates, T Hmesor 8 times

Wherrs ormentation nhibigy

wof the
mntaa, i e preteral
The moliipheation of the mutants i oyelie coltires wnder hypoario conditions oy be caried

ol i g cultore medium comprising xviose and b absance of acetic anid

The culture medivan for the multiplication of the mutasts comprises, forexample, 7% of xvlose,
An example of a colivre medive for the meliiphoation of the mutants 8 the YEX wmediin

having the following composition: 70 gikg of xylose, § ghkgof }-'eeasi exiract, 47 glkg of DAY

{Hamupcniunt phosphatey, 115 gkg of eitrie acid, 138 ¢
Twoon 88, 3 wbilg of DnS0s {at 106 g/, 35 mbkg o Mg

fdamine ot 1324 ¢), Panbkg of

of pantothenate st 3.8 gy

of .u_,ici«;_x‘ii,z;iii:: acid {at ® g,§3 1 bk

meseisesnd et S0y, 1 mbkg of ritwflavin (8t 1 gk 1 kg of purs-aminehenzaate {at

1.2 o/h, pl adiusted to 4.4 with KOHL




The hypexie conditions sre, for example, oblainad by vittue of & pactial sverpresay

o i the

g

o0

sqitpment wed (Ry example, Hasks or formenters) dug 10 an overpressure sudweguent fo the

X

production of OO produced during the fomentation, sad o the absence of seration
efovabdy, the doration of the culture a} 15 sueh et sl of the wvlose of the mediuym &

The duration of g culture ts, Bor ._x;&;‘n??x\ fom Lwoeek to 48 hours

LR

The divectad ovolttion stop may comprise g subatep of selvction ol the nowrespiratory-deficient

apstanis.

A norrgspiratory-deficiont mutant is 2 mutant capable of mudtiplving under conditions of

axidative metabolism,
o parttoular, a nonerespiratorysdeficient nmtant fs capable of noldplying. uader asrobde
congitiony, ot 30°C, by amedhay which containg ghvoerel as sole carbor souree, for example a

madivi comprising 30 gk

glyeeral 3 gk of snuontum sulfite aad L7 ghp of YNR

{Yeast Nitrogen Base) mediun, Tov sxaraple the YNE medinm from Dl

When the cultwve medivm doex med comprise » fonmentation inhibitor, a subsiep of
multphication e cultore mediun comprising acolic avid can be carnied ot afler cortain ar

vach subsiep{x) of nmitiphication i eyelie cultures, i order

»dhat the motipm salt

,.,
o

coviana at loast ong mulant resistant o sseticaad,

The durstion of the muliphication in 2 cultire medium conprising scetie asid i preforably

greater than 28 b and s than T3 b

For gxample; the doration of the subsisp of multiphieation v 3 culture modinm comprising
seolie soid 1% ncladed Hom W he 78 b

it 13 also possible to carry out g step of selection of the atamts which have an apropriate
erowth rate, by colture in a2 medhan comprising ghacose, for sxample 8 medbim comprist
30 g of glucose, and selection ol the madants which have the appropriate growl aate,

LN

A divected evolution step ca alse be carriad out using the hyheid selected ot the sund ofy

sedectiont step of the process for obtaduing » yeast strain capable of metabohzing xyvloss wd




reststant I soobo adid a8 deli

Mo e resistanes toacsiio soid

Is desoribed horein a yesst sirain capable of metabolizing ayvlose aud resislont fo gootic auid,
which can be obtained by muans of the method as defined above,

The HE yoast strain was thius obianed by mcass of the method for obisinimg a yoast steain as

o,

defined shove cample 1 },

LK

o-othamnd wnder angerehie conditionyin 60

hours b the YFOX medhny and has

s

,;,
s

& delay ol utistion of sleoholic Tormndation of less than

T3 W in the YA farmentation madium,

Iy alen deseribed hereln u yoast sfrai capable of metabedizing xylose and resistant fo aeetic
aeid, obtained by means of the methad as dolined above, wideh {8 chosen from the vomat strain
deposited at the ONCM [National Collsotion of Microorganisay Cnltures] unsder number L4634,
the veast seeatn doposited at the ONUM wder pumber 14828 and the veast strain s,i&;:}a‘s:\.’iimi at
the XM under nwuber 14828,

Tho 8

~462 8 and 4630 stratns are Seecharonroey cveaidsiae straine deposited wnder the

P

N

CHATRE

freaty of Budapest on May 24, 2012, with the ONOM (Natona! Collootion of Migy

Culturesy, 25, rup du Docteur Rowy, 78738 Paris cedex 15, Franee.

The veast stran nwaber 424 comverty gt Toast 80%

w;,
v i

sviose i othannd wder gnaseobic

conditions in 60 howss i the YFOGX medive and bhas o delay of mitiation of slesholis

fermenigtion of lows than 23 hoors in the YF&Q Termeniation medium.

The voust strsin number b4 s gt least BMG of xylose w othannd undey ansevobie
conditfons in 80 hours i the YFGX mediun and has g delay of inftation of aleshalic
fermentation of less than 23 hones in the YFAC fermentation imedinm,

The veast strain pumber BA6ES Converts ot least 90% of sylose o ethanel under apserabic

corditions {n 60 hoves e the YPOX wmediun and bas g delay of nilistion of sleobudie

Ferrpentation of Tesy thun 27 houvs i the YRS« fermentation medium,

I also described hevein g oyeast stradn dervved Trom aoyeast strain sccording to the fnvention
which shares the same properties.
Thuag, @ veast straadenved from 2 peast steain accordig to g invention, s characienized in

that sad derbved yoast stratn s capable of metnbolizing xvloss and s rosistans o svetiv amd,
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A dervad yoast stestivinag defined above i the definitiogs.

fv also desorbed horeln 3 yeast obiained by oulitming & vosst stedy an defined above o by

ing a deive efied abaove,

,/
2
ol
fon¥
s
P2
e
=
i

anty are obtained by culluring o yeast strpivcaccording o the tovention ot g dortved yeas

Mradn, 0 pariiouiar as deseribed in the reforones hook “Yes

<t Techuology™, 3% adition, 1991,

PRoy bl

codewitheng, published by Van Nostrand Beombold, IS8N (442-31 882

The mdustrial-seale multiplication of veasts gensrally comprises at least the Brst bwvo steps of
the st of the follewing stepy
= rnulttplivation of & vosst stram i soversl slages, Test under seni-anserolie conditions
and e vuder aevobic conditions,

- separvation by condiih

oot the resulting yeast frorn 18 ool madinny, 50 &
olstain & goid oream yeast containing spproimately bebwenn 13% aod 28% of diy
watier, or even a Wigher srpcunt ot dry roatter wihe croam veast g nuzed sith osmolse
produgts,

- fillvation of the resuliing Bgnid crenm yeast, gonerally oo 8 rotay ey under vacwas,
a0 as toobtain a debvdrated frosh yeast containing from 3696 o 35% of diy matier,

frosh veast, 50 8510 OBl 4 BOmMoEenesus mass,

¢oa prassed veast W the tonn of fesh veast cales oy of crumbled fread yeasy,

containing approxinately 30% of dry matter, or
o @ verst in the form of particles, generally granudes, 18 the veast is infended to be

dyied,

S

= coptionslly, deving n & osparing manogn i g stream of hot atg, for oxanple by

e A : = XA N
& poy ¥ 2 3

fhudization, of the veast particlss oldained by extrusion, so a8 fo obtain dey veast,

derably ¢ sparing rapid deying o the presesce of su eulsifier,

Among the emudsifiers which con be wead during the deving step, sorbitan monostearais, use
fr example at a concentration of approximately L% (by waight relative to the weight of dey
yeast), may be chosen, |

The veasts svcording o the fnvention can be used n any possible o,

For example, 8 yeast as defined above, may be chavasterized inthat s the &

veast, of prossed yeust, of dried veast oy of doep-frozen yeast.
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Vhe yoasts dosontbe SAOM Propectios 8y He yoast sivatn e which they are

obigined by culiunng

< the yousts des st s capable of metabolizing nyvlose and

"

erelny are rovistant 1o aeeliv agul.

o)
s
P
.
L
£

« {j}gg: 3

The veasts describaed herain

patticalady sdvantageous for the production of dustnad

o

sleohal, for example intended for bintuels or Ry chemtos! industvies.

£

{5 alse described hoveln @ mthed for produsing af least one formentation proclugt, cormprising
a step of fermantation, wder anacrobio posgditions, by a veast ss defined shove ing formenation
nedii,

The fermentation produst v in partinder chosen from sthaned, 8 mstabudite obtained from

b
3
i

sthanot vra secombary metabed

He
A proforred formemiation product i othanel.

The ethanel production B8 ohistned by means of dloohohic fermentatinn,

Those skilled e the arl Koow how {o delomute the appropriate condittons i an sicoholie

v

fermentation,

o

-

Hy way of exgmple, reference sy de mgde o the gloohohe formentation conditions desenibed

i the reference bhook “Yeast Technology™, 2% adittion, 18891, . Beed and TW.

/.’;

Nagodawithang, published by Van Nostrand Reinhold, 18BN (.442-31802.8

?ﬂ/

he formentation medium comprizes the bllowing clomenis: at least one fermentahle carbon
Surce, at least one siirogen soures, al loast one sully sourve, &t legst one phdsphorus sowre

at least one sourer of vifamins anddor at least one souree of minerals,

The carbon sowree 8, By example, provided i the form of & sugsy which can be mmedinely

3

assimilated by the veaxt, a pentose such as xyloze, glycerpl, ethano! andfor 8 mixtore thecent
The parbon source s preferably provided by & sugar which can be immodistely assimilated by
the weast, and by vlose

A s which can be tnmediately asainsilated bry the veast iy, for oxample, 8 simple sugar of
shusese, Buctose o galavtose tope, o disaochande of sucrose Hype sadior o mixture of these
sugars.

The varhon sourcy can be provided in the frm of 8 glucoss syrap, & Buctose syrup, molasses,

low-grade run-off 2 (owegrade run-off vesniting from the 2nd crystallization of sugar), =

twdrolvzate of all or partof s plant material, sandior aomiziure theveot




&

s provided in the form of ammoniun saifade, srmmomum

The sitrogen sk

f}

.
e
b

hvdroxide, dnmontum phosphate, strsonta, ween sadior s combination theveo!

Tur souree i Ror exaaple, provided in the fonm of smtnoenion sulfste, magnestum

ad anddor A contination thereol

1

The phospherns sourge i85, for sxample, wovided o the fom of plisphoric seld, potassium
phosphate, disvmrponinm phosphale, monoammonium phosphiate, anddor @ combination thereefl
The source of vitamins 18, for example, provided i the Torm of molassey, youst hydrodyzate, 8
solution of pare vitamin ov of g mixtare of pure vilamins, andfor & combination thereadl

The source of vitnming provides the veast with all of the vitonies in amounts ot least equivalent
1o those recommendad it the refitnce handbooks, Several sources of vilaming san be
sombined,

The sonres of mineraly 5, for exanyple, provided tn the o o mclassey, s mixturs of mineral
salts, anddor v poanbination theveof

The sowee of minerals provides the veast with sli of the muvrostoments and trave slaments in
anovmds a least equivala to those reccenmended in the reference hadbooks, Several sources
of mingrals can be combined,

The same substance can provide several diffevent elements,

~

s also deseribed heredn g msthod s defing & fermentation

product, profurably eduwal, vompnsing a step of i“s‘.’f‘.&is'ﬁa;{ﬁ:a‘-:im’a, podey snarobic condilivas, by
& yeast gs defined above in 2 formentalion medium comprising xylose sndfor at least one
fermsertation inhibitor,

The formentation inhibitor 13, for exanple, chosen fom s organte said, fofural, HME

o3 5
21 1

cedronymethyifurfursl), one v more phennlic compownds, and the camotic pressure,

The prganie scid s, Tor oxample, chosen from seetic and, lactic serd, fonmic sonl and evalinie
seisd,

Said at lewst one formentation inhibitor is preforably acetie acd.

The axnotio pressure erists, Tor example, in a hydeolyante of all of part ot s plastwateniad. The
osmniie pressure then eriginates in particatar frow the salive load provided daring the method

for obtatning said hydeoly:

The fermentation mediteg 15 ay defined sbove,

o

The fermentation medium preferably comprises at least 8.2% of xvlose, the pas entage being

exprassed by woight weight of the fersentation moediam,

A preforved formentation medium comprises 2% o 796 of vlosa:




Ty
£

o

The fermsntation nwedingt may also comprise & sugar wiich car by immeditely asamilated by

the yeast, for oxamyple glucosa.

The farmentation mediug comprises, for example, fowm 2% to 7% of xylose and frowm

? {iei OB

The fermentation medionmay comprise xylose, glacose and avetic asudl

v

s also desoribed hersin g mgthod v defingd above, for producing ot least one fonmentatim

o % o
¥

product, preferally ethanol, characterized n that said foomoentation mediten comprises b least

ane hvdrobveate of all or partof s plant matenial,

N

A hyedrelvaate of all or pavt of & ploant matesial can b obtadoed by mosns of & step of

pretreatment of the plant material, for sxample ot high temperatore and in the prasensee of

organie soids or solvents, optiomally followed by a motial or total hydrolysis of the sugey

polvmers, sevongioally anddor shemically salor thenmally

The hvdrolyeaie of all or part of 8 plant nuderial therefore comprizes & mixture of sugars

e

.Y

originating from the hydrolysis of supwy polvimers, such av cellulose, hendcellnlose and stareh,

A formemiation medium miay also comprise s vdrolyaate of all or past of & plant nuterial and
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me of 8 yesst as Jofingd shove, for producing & loast one

fermentation produet, preferably iy o formentation medivgm comprising xyless andior at least

/sw

one fermentation nlnbier

o

The feomentation product v ay defined abave,

yrr/

m‘.‘.

ahlvethaach

The fermeniation product 18 pre
The formentation medhag i a8 defined above,

The fermeptaiion inhibitor ts as defived above

Usther characteristios and advantages of the invention will emerpe even more clearty onoresding
the following exemplary embodiments which Hlusteate the invention without Hmiting it and

Ags

foor the nnderstanding of which refersove will be miade 10 the spponded deawings.

$ys

FAINING AYEAST STRAIN CAPABLE OF METABOQLIZING XYLOSE
AND RESISTANT TO ACETHRD ACHD

Material and methody

{1 Feonendation molis
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SOMnTR

The propagation vediuns ssed Rir the propagation of 8 yeast strain
exteact, 10 o'kg of peplone and 20 glhg of glucose.
o medium desoribed below s sed oy meastving the stwversion ol xylose to

The YPGN culiue
samd.

B it
sthanol.
vy 18 used for meastiving the n

The YEAC oulure madiom deseribed bel
e medium desonhed balow wused dove
time xylose, glucose and a fermentation inhibitar,

The YFGX-Ag ¢ult
culiure mediom which contains at ah‘ Sne

avetiv aghd,

e

‘%’%f

% has oo inhibitory

cisd concentration of 000 ppm at pH 3

D {gﬁ P NS

aoetio soid congey

iim otherband n e YFEK-Av medinn, the s

he YRFGX medinm, the
wration of SN ppat pH |

‘im.s an inhibliory effeet,

(\S"\ki‘ \ iﬂ\ig

DAE (THammoniom ;ﬂ wsphate
______________ G S
Agetio xz{:‘i{ti
Sestun eiftate
Tiween 80
ZaSQy (106 g'h
MgSQ THO {400 ¢l

ihﬁ@mzm ii% *} gri} \" ¢ BE

~/-/

2 e .
o4 mii‘ %\OH

?‘aw Ay ';“G\}mz Yz?a {?
Adjustment of the pH ¢

i
$;
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T Drotssation

The yeast strain propag

The preculture is carried out by inooniating 2 loop ol the yeast stradn fnte $ mi otthe propagation
modinm as defined shove,

Afler 24k of culture st 30 iy 8 madinm aceated by sitrring, 2 ad of s procuiheg awe
remerved and noouisted e 30 ml of propagation medium,

This onlture is onerled ont for 24 b st 36°C i amedium serated by stivving,

The comversion of xylose to ethanol god the reaistanes 1o seelic acld ave messured on the celly
ol verst resuiting from this cnltuse,

{111} Messurement of the conversion of xelose to ethanol

i orderto determing the conversion of xytose ty ethanol 8,28 gofdry matter of the yeastsirain

propagated as indivated sbove are ncaulated por kg o YEGK medivm,

The fenneatation ts carcied oubat 3 under anasrobie conditions, with modertie stivang.
234

N

The sthanad and also xyvlose and sjum«\ concentrations are messured hy HPLC,

The Pollewing formala is then used 1o obtain the degres of conversion of xylose to sthanch:

§~\"}* E; sitgal 77 § *"GQ"

L PEN

Y COTTVS ORI =




O hna SorTeapands o the xviose cotg
; }

o themedim gt the {fine of the

imoouiation with the yeast strain and Dovloselsae corrosponds 1 the xvlose eoncentration in the
oatture redian 8t 60 hours {starting fom the inoculation

ation of aleobolic

fermentation

3

(.25 g of dry matter of the yeest strsin propagated 85 iy dicated above are Inoculated per kg ot
X 3 3

VEAC wrediim,

The fermentation is carrted out under guserobic ponditions, at 32°C, with maderate stiming.

The othann! prodoction s measired fndivectly by measuning the loss ofmass ofthe fermatation

fask, this loss ol mass corrglanng d irectly with the alcohol production.

The alecholo fermentation curve fndicating the toss of muss as & funetion of e ia ;:»;miuccd

g o

The podne of interscction betweon the x-axis and the maimum derivative of the loss of mass is
determined: (L corvesponds o the delay of indtiation of fermentation

it should be neted that the maurimiom devivative of the oss o rueys gives fhe sene rasuit as the

waodnnnn dertvative of the alvobod production rate, ifihe slopholic formentation curve tudicates
the alooho! production ag g figotion of tive instead of de logs of masy ax o fonction of time
The more the duration obtamed s rostricted, the shorter the delay of initiadon of feraentation

arud the wore resistant the veas g Erain 18 W seslio s,

The starting steains used for the crossing ave the LASIR veast straln and the 14827 yeast straiy,

\

Step b Yoast strain growth

A lopp of the \wtm* stratn {conserved af -ROPCY {s nocudsted at the suwrface of the agar of &

Yotrt dishof medtum AL

The composttion of mediom & ix the following: 10 g of yeust exxiract, 10 g of peptong, 20 pof
glueose, 20 solagar, pH 62 +H 02 watergs t L

The Petrt dish is then tncubsted for 24 howrs gt 305C.

Step 2 ¢ Bporulation an ruediom 2

A foop of the previpus caltue 18 tnovulated at the surface of the agar of a Petrt dish of mediug

The voraposition of medium B ix the following: 6.5 g of sodimn avetate, 18 g ol agar, pH 6.5




e

The Petrtdishus fnoubated for 96 howa at

. The Blomass obtainedat the surd

¢ of the dish

s e S0 of storile water, 38 are added o 100 gl of this

The stspoision

i fncubated e Wmd

vagar dish of msdian 1 Th

e Petn dish fs dnoubated for

& e

rogants are then stoved st -80°C w maedivm § onmprising 20% of glyormd,

v g

coticat of the 483K voast straim sepreganis

cants arg solocted on thetr ability o cowvent xyvloss io sthanol,

The xylose conversion 18 mesured a3 in {8, w

sant propsgated as {0 for the

('

h3

yeRst strain, oxcept that the measurement is carried ont at 48 hours instead of 86 hours,

fnoted vonvert &t lsast T of the wylose at 88
The Mat g or Mat alpha sex type of the seprogants sefented ixdutermnined by PURL

ey AW

& Seloction of the 14427 strain se

Qregants

The L4627 veast straty sepregants ave selectod an the basts of thelr resistance e acetio asid,
» Lne

The resistance o aoetie suid v ovaluated as o (), psing a s

Fod

spant propagated as dn (1) for
the veast stradn,

Th sasgmgam s selected have s dolay of tdtiation of fermenistion of loss than 23 howrs,

The Mat a or Mat alpha sex type of the segregants selected ix determined by BUR,

ey

ToOrosaing and selection of h}-??}i“i,{is

Adoop ol a Mat alpha hapledd sogreg s Peirt dish

iat alpha

The compestiton ol mediwn A i3 the Hllewing: 10 2ol vest extraet, 10 g of peptong, 20 g of

glucoss, 30 gofagar, pH &2

LR watsr g L

The Petrt dish i then tocubated for 24 hourg af 300

LA foap of the mixture 1s inoculaed st the

o
>
o
i
g
ooy
poid
413
74

suriiee of the agar of & Pobrt disd ol mediom & This steg s repeated
During the final lnoculation, the colls ave streoaked 8o a8 1 obtain solated colonies. Yeast colia
gre removed Born sach tsolated colony and cultured, thetr genomic DNA I8 extracted and 2

AR¥

POR s onrried ot on this genenio BN i ovder to verify that the Mat a and Mat alphs allsles

arg indead present in one and the same veast eell

The vosst coelly witieh have the Mat 2 and Mat slphs alleles are called byt




[0

Thg vbrids are thon sebovied on the has stabolize it ad

Farsos 10 gootio aad, which are sval

The hybrids solected are the Bllowing:

(viy Pieocted svolglion

Drrgcted svolution (s the combination of a step of UV mutagenesis ollowed by an eurichan

ot B Tenmentation medinny iy wittch xylose constinges the endy carbon seuree

&

During the UV mutagenesiy, 15 mi of 8 suspension of yeast cells

matter fur 10D oot the suspersion}are placed o & § om Pebit dish, The Petrd dish v ¢

o
o
5
ot}

ey

ruk.
foost
w
,.
,_..4

voder g UV sadintion of 300 Fow’ 81 284 o,

8 irvadiated o

it celly are then nooulated by o amwount of 1 g of dry matte

.

YEX wredium. After 96 howrs of moultiphication under hyposic conditions at 32

culturg medium ave wed o novgdate ml of o ghyvesrsl madinm conlaining

glyoernd, § ge of oo sulfale and 17 ok of YNEB {(Yesst Nivogen Base) madiom

Y

ooy Difvo, This second colhure 18 carried owt under gerabic conditions awd s 308 for 4

U of dds culiure 8 then removed o inocalate PPl of YEX madinm,

This oyole s repeated ¥ dises.

Besulbls

Several hybrids are ohiaived by crossing the BASIR sivatn swith the 14627 strain, snong whivh

the HI and H2 hybads,

o

The HY hybeid, which is not capable of metabolizing xyvloss for the purposss of the nvention

but which exlubits resisisnge to acttie gond, 18 subjected 1© & divected evolution s?&p th §§§:)'§.,

EDE and B33 'i‘.‘;}.f"}iﬁi{is are then obtaived, corresponding respectively o the 14624

L4638 w

nod gt 80 hours i the YPGY

N

mentation inthe YFAC mediom Ua houstod

nieclivan and the deday of mitationof alcohalio §

,.J,

Anus veast straws:




2y

= the Ac control which i ¥ ponegoneticaly nodified veast steain resistant o acehe aend,
which iy not thevefors capabls ofmetabolizing wviose,

~ the AR stacting veast stradn which is very effective for the production of gleobel, bt
19 Dot resistant o aoetic acid,
the 4627 starting voust strain which Is resistant to acetie acid, but is not capable of
metabohizing aylnse for the purpeses of the invention,

~ the HT hyvbrid which is aoveust strain whivh i capaldle ol metaboliddng sylose and whieh
i3 vosistant 0 acetie aod,

13 hybeid which is not capable of mistabolizing wlose for the puposes of the

tvention, g exhibite resistance 1o acelic acid,

< ths B3, BEDZ and ED3 lovhrids which ave capable of melabolizing xylose wd ave

LR !

rosisfant o acsioand,

ponvertod | Delay of inltation of alecholic
. ihe fu:ww}iai}zs*s it the YFHAC meadiam

Meorzover, the ethane! production of the veast straing i3 svaluated in he YRGR-Ac fermentation
medhunm cormprising at the same tme, glucose, sylose sml acetiesad as fenmwntation inlibitor
The H, BIML, BD2 and B3 veast straing have au sleshol production wlideb s clealy lproved
compared with the L4338 pavent veast strain o this YFGX- Ao medium {of figaee £}
ALCOHOL PRODUCTION IN AN ACTUAL APPLICATION MEDIUM
B YBART STRAINS ACTURDING TO THE INVERTION




Bdateriadysnd wisthody

The slcobol prodoction of the BER, ED2Z

valuated v an autual
application mediam,

The sleohal produstion of the ks rrand yeust strain is also ovaluated sy way of comparisen

yeast strass 1% carviad out an two Sifforont
applivation mediy

< redign A comprising
¢ a hemicelldosic subsstrate which corvesponsds to the Hgud phiag

sseobtained after

sehiddiguid sepavation of the homass having wndergons 8 prefreatment and

ermochendeal  hydrolysts of & whost straw and which  comprises

predominantly aylose (38 gk other sugary v smal

mosmeil amount, and alse
fermendation inhibitoms resuliing from the physicochondeal pretreatmens of the

hgnocelthdosic biomuss, wad

o

e

nitvients (sourees of sitrogen aud phasphorasy,

< mednen B oeorresponding o medivm A above supplemented

{with glucese, mopdey o

mitie @ hvdrolyate of Hgnocelhdosio biowmeass, the hematostlulosic Saction of swhigh

hay been hydrolyeod and the cellndosico Saction of whieh would hay

¢ hoen partially

}1}-“:31‘0} yred.

sfdry master oF the voast strain 10 be evaloated,
The sleohohe fermentaion I8 carvied s st 33°C,

LA ANEY &b 2

A Prmenietion ix also covoied oot ot 3% with medim A

Bosults

The resulte obtained with medivr & ot 3390 and 353%0 are given respeotively 1o Sgoees 2 and
3, and the results with median B ot 33 Cinfigme &

1t should be voted that, w Bauee 3, the points heve stoppad bt 60h Tt

sinee the platesy phase bay alveady been reached,

The B and B2 hybnds show a real advantage
with the 14538

in applioation medinm A sl 3370 compara

{M\i EHY paxiaiva

The B, EDZ and BEDI hybeids show g veal advantage in apphication mediom & at 33

covnipared with the L4

3 parent veast strabn. Indesd, ey

vy though the othanol production s

hettor o the f

ars Yo the BAADY yeast stenin, the maximun amonnt of ethape! producesd




ware ghiatned with

BRY a3 O e 2 R S Yoy
s 8.3 pperky of madivm, whereas amounts of ethanel greater

the BN ¥
The B and B2 hvbudss

D and BEDG Inheid

shesw, onceagain, 8 real sdvaniage huapplication medivm Bat 357
CThe BU hyboid 5 a Hutde behind i this applioation

corapared with the 438 v

median,
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