METHOD FOR CULTURI NG M CROORGANI SMS Fiel d of the
I nvention This invention relates to the production of

Wo@rose7gani sns suitable for the production of PET/GB2@IG/003719

10

15

20

25

30

35

as a product of bacterial fernentation. Background to
the Invention Bacterial metabolitmcan occur t hr ough
various different nechanlsns deoend|no on, the
bacteri al speisd i

Hﬁerd)gfrtp;@mvgth eria, vvh| ch | ncI ude aI ] pat hogens
obtalin_energy from oxidation org

wi t h cah@o'ﬁymtlaﬂe@laﬁ?a’ﬂ rf@uprafﬂv‘;ﬁw@ %2'29%‘30@?'?%7‘%“5%6 for the

P hRIdRIb RS ehnbhas ApEddussbaBletaldintingidnconpounds.
Bi_ol ogi cal OX|dat|on of these organi c conpounds by

bBaglkiround tedig lnventionsynt nesi s of ATP as the cheni cal

ener gy B%u@ﬂéﬁﬁl@netglbkﬁlsm ROSEUrdrBGyHRFiBlS diff@‘enﬁemaihamemeﬂependmg
e or anlc ounds

Vn\ﬁgiﬂghg Igngtef@cﬁg Figs aB§ eﬁ%qéo%%}t% ogﬁlyé@s’o{Hgﬁlt?ocp ic gz;ctena which
biirzf)dat Biethiathoheds t daia . erldigy @eﬁemlldal}tumoé&sgdmc whinphunds, with

bac&wk}@ {SIE zabol #ilggf# ezglgﬁﬁ &n prto ge?r&#ﬂtﬁeﬁ{o%&%ﬂrﬁérﬁyomdlsed

I I&bMpburﬁdsvalBleIo\gActahOmMIogmﬁemml apané coafpountisebyf b&i@er@f results in

te | h t
T
C outé tsiropis . orghrdc eompeunds ewemsotcnplleeule@awhlpbrase crequwed by the
p)g l'I’tv?}tl elﬂ‘or%m%ﬁ%ﬁ& r@%tf& lsC £RA ehér%f‘ rocfé@@yb which bacteria

?8 % %an I 'sns € ener USI itric
ammeiabxylsda asuiaide tshbstcabeﬁ/@r slb'@mysdﬁ‘, Vﬂwmwaﬂ @enmmpea@femeﬁptlons that

C%Sﬂgéf‘ge%&gsg%ggz %I o Wit é(l%r&tlo%ed?)b\q*Pogﬁ{é%t% &B¥dvate in the

Second cond fions, certain
etgleaar@n@gewmmeteb@@ne@emy varies slepgnding oa| eh@igreorganism and the

Ht% '?:ohél tlcmée %@%QQK%E%?IhBBIe%a&%ﬁé‘Mﬁﬁﬁu&dﬁé 0

U?
ace al de | ysed by pyruvate decarboxylas
(PDC) durt, un@erga@@cﬂﬂ:@ﬁmo%mvmo-@fgaa@msav" frie energy using

' Qﬁ@ ificher le&nWﬁon@éﬂs@h%ﬁﬁﬁuMe At aRe)l coenzyme A, catalysed by
a

drogen hird process is the conversion
ofPYWﬁ%hédroﬁP'@?ﬁea(EP’é't)e whi ch occurs through

cat al yHezoRY, undét aBrdbRIBORHRIER) 351@aif biRBholod&reE GrgbﬁlSms can carry
been much interest in usmgmcro |srrsfo

provél Agahelic dermentaiaB| YL e%qrp%}a% op%F\éaé‘f’n lgtﬁsacetaldehyde
t rt@ﬁal}é%deb Opyﬁ.xﬂ/%@é Q:@c@rkfoﬁ}’lﬁﬁlt(abw narrtatth!é adubgequent reduction of

e, o S B 6, SR dARRgM

et hanola thidtoheueg8 id thercen\l‘tasonbeﬁpvrs‘mielmmme;whmh occurs through

P ARy Ry PR B oo by the ¢ ner cased

There has been much interest in using micro-organisms for the production of

ethanol using either micro-organisms that undergo anaerobic fermentation naturally or
through the use of recombinant micro-organisms which incorporate genes involved in the
production of ethanol. Although there has been some success in producing ethanol by
using these micro-organisms, fermentation is often compromised by the increased
concentration of the ethanol, especially where the micro-organism has a low level of
ethanol tolerance.

Thermophilic bacteria have been proposed for ethanol production, and their use
has the advantage that fermentation can be carried out at elevated temperatures which

allows the ethanol produced to be removed as vapour at temperatures above 50°C; this



concentration of the ethanol, especially where the
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production, and their use has the advantage that
fermentation can be carried out 4t el evated
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complex, uncertain and there are also regulatory issues on how the strains can be used.
There is therefore a need for improved microorganisms for ethanol production.

Summary of the Invention

According to a first aspect of the present invention, a method for the production of
thermophilic microorganisms suitable for the production of ethanol comprises:
() culturing a thermophilic microorganism under aerobic or anaerobic

conditions in a suitable culture media; and
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C%ééﬁea ars%eady state, where the growth of the organism has reached a constant rate
(as determined by OD 600nm), an amount of ethanol is added, in one addition, to the
culture in order to bring the ethanol to a specific desired concentration, for example 10 or
20% wiv of the set working volume of the culture. The continuous culture is continued at
a low dilution rate, preferably 0.08-0.15 h™, allowing slow reduction of the ethanol
concentration, until the original growth rate of the thermophilic organism is restored (as
determine by OD 600nm). At this point a second amount of ethanol is added, the same
quantity as the first and in one addition, to the culture, again in order to bring the ethanol

to a specific desired concentration. The process of allowing the culture to recover to the
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contain thermophiles. Isolated wild-type microorganisms will have the ability to produce
ethanol but, unmodified, lactate is likely to be the major fermentation product. The
isolates are also selected for their ability to grow on hexose and/or pentose sugars at

thermophilic temperatures. Non-wild-type, mutant, microorganisms may also be used.
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Methods for the preparation and incorporation of these genes into
microorganisms are known, for example in Ingram et al, Biotech & BioEng, 1998; 58
(2+3): 204-214 and US 5916787, the content of each being incorporated herein by
reference. The genes may be introduced in a plasmid or integrated into the

chromosome, as will be appreciated by the skilled person.
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growt h conditions can be sel ected based on known
cuTakle@ requirenents, for exanple see W01/49865 and

VED1ER966 1o b Stk deRg@d T et mentati on

conditrons are 1 fcated in lapnles 1. 2 and 3: Table 1

Tab e 2o R RERT € TTARCEnfY [COP Y P Ma&dinm Coagl Jable 3
Fernen¢; CHoggru)r Fi”"éﬂnu"b" ustrated in
t he f %A 8. |7|Hzp:x IPI'F44 Wit 511‘ grerence Z‘SJHI\TAHC
accomrang Koyt ant ngsss Bxanphe 100 uM
Mn S0O,.H,0O 1.69 16.9 50 uM
Cu SO,.5H,0 0.25 2.5 5 uM
Co S0,.7H,0 0.562 5.62 10 UM
Ni SO,.6H,0 0.886 8.86 16.85 UM
H3;BO; 0.08
Del- H,0 (final 1000 ml | 10 litres
Table 3
Fermenter Conditions
Inoculum 10% viv
Volume 1000 ml
Temperature 60°C




The follow ng nedia were prepared: SAM2 - perlL Yeast

extract 1.0g Tryptone 0.5g NH4Cl 1.0g NaH 2PO4 0. 5g
wOoR®O0397FH 20 0. 2g KCI 0.2g MhCl 2. 4H 20 33mgeCT/ase006/003719

100 M _ of a 30my/ M _ stock) CaCl- 2.2H 20 55nmgg (add

100 M _ of a 50nmg/nL stock) PIPES buffer 12.0 Tot al

vol rdirstiited vva;—g“—ﬁwm‘t—ro—phlo
Wi t p\\%’-" o+ H2SO4— d’-‘\&i&?lcavc. tgl ter—cooti+tg 2. 5nlL
of tes—TraceH '65.1 s—stock—sotution Wers) added
see 2—toegethe er
gteﬁ@*gﬁ sfjgar gol 4000 M i ¢ 4 oet pis Urea—Sal t s)
Med %{leaﬁsM) €] ucose lyeasgz@ak?éa@:wg%ract 0.8 g/L
G t Fre—attd —egf-—NaH2P64—3. 1 g/ L
K2S Ugar feed, _%ﬁ/mlﬂﬁioc/wglue FeH-L—Na2MO 4 4

a)
Y =
\f.u UIII_ 3 57
ng/ A%Qam e! S |||f|nn /Tnhln ’)\ 50 nrill For
solid nedia 2 L

Corr eCt%je'i 7|sp %Faté i 4R lll'eﬁ/ﬁé I%(a%lézwgaﬂéefgf%\ce to the

T+

of bacto agar vvas added.

NaOHTGP e act o ryp one 1
g/ accmrnlanﬁn@dwngs
5
Example

The following media were prepared:

SAM2 ~ perl
10
Yeast extract 1.0g
Tryptone 0.5¢g
NH,CI 1.0g
NaH2P04 059
15  MgSO0,.7H,0 0.2g
KClI 0.2g
MnCl,.4H,0 3mg (add 100uL of a 30mg/mL stock)
CaCl,.2H,0 5mg (add 100uL of a 50mg/mL stock)
PIPES buffer 12.096g
20
Total volume in distilled water: 950mL, adjust to pH 7.0 with NaOH or H,S0,.
Autoclave.

After cooling 2.5mL of Sulphates Trace Elements stock solution was added (see Table
25  2), together with 50mL 20% w/v filter sterilized sugar solution.

Modified US (Urea Salts) Media (USM)

Glucose 10.0g/L
30 Yeast extract 0.8 g/L
Citric acid 0.42 g/L
MgSO4 0.31 g/L
NaH,PO, 3.1¢g/L
K;SO, 3.5¢g/L
35 Urea 3.0¢g/L
CaCl, 2 mg/L
Na,MoO, 4 mg/L

Trace element solution (Table 2) 5.0 ml/L

40  For solid media 20.0 g/L of bacto-agar was added.
Corrected to pH 7 prior to sterilisation with 3M NaOH



K2HPO4 2.5 g/L Sodi um pyruvate 4.0 g/L dycerol 4.0

m./L For solid nedia 20.0 g/L of bacto-agar was added.
wab@7meds3m was corrected to pH 7 prior to PCT/GB2006/003719

sterilisation with 3M NaOH Ethanpl tol erance of a

wi | d- type organi sm (NCI MB 11955) Wwas tested in order

t ordptgidiihe the starting point. The organi smwas

grmv_er_l ght (LB agar plate, 600C) and a col ony

usggctgqybtg,qxgul at eqag qvernight culture (100 USM 1%

9l 96Ps&HtoRP0C, 259pRyA) - This culture was then used to
5|nggg ate a triplsgqye series of flasks containing O,

1, kPGS, or 4%ethg lI' whi ch were then grown for 36

hoggﬁurka%mvgtet he @b%h was neasured (500 USM 1%

gl grese 600C, 25QppR)y. The results are shown in

Figure 1 and suggest that NCI MB 11955 will not

10 t OF & Rli@neRi2addgn o ¥a&bhaanhas Aficad ThE'n?ecf Ao Wats c@ﬁ*e&ed to pH 7

bagiict td SeriERaBRitE 8 N&IRET | nent s were perfor med
i ncrease the ethanol tolerance of nutant TMB9 to 8%

v/ v et hanol Fernentati on Met hod M c¢croor gani sm

T™ 89 | RiBaLR!ipleranea Pt @ wid-typgiarganism NG NIR § 1%@&@366&%“ in order

LHoQJe@é?ﬁurfe&h@Eertﬁfg do?rQoﬂherﬁiéﬁngQbmovjéﬂt@ﬂr(@ H@@r plate,
g %g HJLgntrol with the !%%HCOH ¢ tntrol ?6stem l\{\l/1

5 wi th @r‘f@tof% ugeq forigoculaig an puernig L CufyR P S Me b glucose,

PHB0°€, B8S0rpiny.. TRis 2ullird Wadtisdn lidedrto Fde6Ete 2#DicHR BEMY of flasks

VETNSAVR 55 0 e atEn oMo BRaR BT o1 o Py dgtore he

rregibwttb\hﬁm)aasﬁébl omil 0EMe d%ugidoge 16%0\@@6#@)h amelresults are
pi.ke:

= rHifing] PRvep! b aieoEb RlRontm FoE DR etk tian 4%

20 rreethalmat product yields/sugar utilization; and
Using this result as a basis for comparison, experiments were performed to
increase the ethanol tolerance of mutant TM89 to 8% v/v ethanol.

Fermentation Method

25  Microorganism: Gt TM-89
Inoculum: 50ml 2xYT culture (7% viv)
Apparatus: LH glass fermenter (700ml working volume)

Temperature and pH control with the Anglicon control system
Mixed with a magnetic stirrer.
30  Setvalues: Temperature: 60°C
- pH: 6.80
air: 0.2-0.4vvm
stirrer speed: 225rpm
flow rate controlled with Watson Marlow Pump (0-100 ml/hr)

35 Medium: SAM2 2% glucose, 0.05% organic antifoam (see media sheet).
PH controlled using 10% NaOH
Ethanol spike: 75ml or 150ml ethanol (10-20% spike)

The strategy adopted was to:
40 1) Achieve steady states and measure product yields/sugar utilization; and
2) Spike culture with ethanol, allow culture to recover (ethanol will wash out
over time), remove samples and prepare glycerol stocks, repeating step
(2) as necessary.



2) Spike culture wth ethanol, allow culture to
recover (ethanol will wash out over tine), renove

wa aploawsand prepare gl ycerol stocks, repeati nBCEGBR006/003719
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(2) as necessary.ln order to evalqiate et hanol
toI erance, the follow ng protocol”™ was devel oped. 1.

%ﬁ%@ﬁ@%ﬁr@%e keﬁl%tn!ﬁ\}@% %ﬁ@ l%g%rll'gl %b%%%ﬁ/@esa%%v% opAgi

r ei;pect/hdﬂe@y' 0f§'Gltbl‘0ltm10eWb@terIE— @iveveals (therefore

acyive t
Wi % h sha ”I qﬁTM%\ésur e t€1 B@f%gl 6 tgraé%ﬁﬁ)t[)urb%trﬁg%%ﬁlely
yod kndwltunefogﬁaﬁ bourg (theretme ectjve.cels, asrﬂeqyaﬁ*@umbe in log phase) at
st eri | e3g4piVigf shdkinpubes with a final volunme of 10n

TGP broth containing 0% 1% 2% 3% 4% 5% 6% 7%
894 9% M@@%U(re/ﬁhsa)oewn@feeﬂch mtbn(ﬁ@ You i@pwahe startm of ODeoo)

dupl i cabepher 1e§¥§rhe EM\/@I%aIStUB@ \Mtr{é ﬁnal%lu@ébﬁsl Iqﬂ §GP broth

I nocul ate each tube Wt rom-t
cor r esFOREAIMEY B, 1‘?&33"/%3(3{4{ Hs’ﬁ: 15/%@1"/°st7e(g§§/° £%-10% (ylv)
Cul tur eco%@ﬁthltBHé oﬁéth@rQQQn %ﬁll&aﬁe‘?@kém TN} sgga&gw% 3ikypes).

from each tube, dilute 1: measure the

ad®i nst n%teeaﬁ'ktub?m‘thﬂ@gu\ qf§ehefreﬂ hragqreasgor@ng Smi TGP broths
foll ovvsrronﬁ dlagbPli+cal density of culture neasured using

enco Spect rophot o cell concentration (g/L)
vvag cal ‘fﬂ“ %erf"ﬂgh?t@@% F‘@L%’]mg(Z) d ucose

CO81C eNtR&EhOW@ N MiiForeasniube, dilsiends and hizedu@! tis asE°rigbmet H,0

(Roche).. ) Et hanol concentrati on neasured by using
an enz Yased assay kit (supplied by R-Biopharm.
The results are iIIustrated in Figure 2. The strain

at_the he fermentation displ ayed

co e@?@?ﬁ‘?’?ﬂﬁ“@ﬁ@?d fﬁfo\}g‘fvﬁes than the starting TMB9
st@ai n OpticalGiersityg of a:ult'tﬁ@haasdnecaumlamgdemfonetSmnmd)photometer [cell

concent ifference in
growt h %ﬁEWRPHﬁ/E ‘ﬁa t?%gr% °§€%a]det hanol
t of2er ar@lecc@eﬁddvsemratm mexshnGﬁasﬁmd ushng gbloddiguicose méter (Roche).

L h@grmpé}hgﬁ& éﬁ@%{g@?ﬂ%gé’[ﬁe@& \t.lé?h% % ER%ynli%]gased assay kit

uction 0

t her nop(hluwplledw&“abpg%fm)sm under aer ob| c or anaer ob| C

conditions in a suitable culture nmedia; and (ii)
i ncorporating anmounts of ethanol into the culture
metherests aidilkistratef dnbigure 2. The strain isolated at the end of the

fermentation displayed consistently higher OD values than the starting TM89 strain in
TGP and in TGP with a range of ethanol concentrations. There was a signficiant

difference in growth at 5% ethanol indicating improved ethanol tolerance.



tolerance. 2. A nmethod according to claim1, wherein
an increasing anount of ethanol is added into the

wa@dorsEsiredi a, with the m croorgani sms al | owePICT/6GB2006/003719

adapt to the added ethanol prior t he next
increnental addition of ethanol. 3. A nethod according
to claim1 or claim?2, wherein the ethanol is

ggﬁggat ed to a final concentration of at |east 3%

A met hod according to any preceding claim

vvhér ei nAtmhethed fiemible dredudtion op thesnephilicomécréorganisms suitable for the
co . 6% wv. 5 A nethod
ac@%rag(}tﬁg%gmgﬁgl éér)@!c):e IMmg claim wherein the ethanol
is i nco@)por a@létﬂlrm@ g itheamoplylic eriercatgicbismotingder heyabic or anaerobic
5%V, 6 cdhdiRhEfla SGERIHMGe! RedBlarl eceding
claim V\,hereln e et han I's rncorporated in
i ncrenefit s oncePeming emernts ebehanpl into thechiure msslisrtd indyce sthanol
to any precegidighd aim wherein the ethanol is
incorporated to the culture media at early | og phase.

8 2. A nBfsdpdrceaidingtg clebtn Arhepeinar ificragsinn amepnigf ethane] is added

10t hﬁtd’thé cOQRirg %&énvhﬁsché‘ﬂwldré‘&ﬁémy iBs kA& ® adapt to the added ethanol

20

25

30

rogenase gene according to any
Fé%’é %ﬁ r@l"%\'ﬁﬁﬁe”ﬁﬁ‘?ﬂ afgitienmef shabor gani sm does” not

COSTDH SRnﬁ;tH@lSécE:b@ﬁdeB cRI§ 1 BFalaidR, wherght (heiRA6I3 ifbdiBorated to a
to ané?r{or ecedi n Eaﬁ o) er ein the mcroor ganismis

D&atest sius. 11. A nethod
ac4; or di N&e&lﬁbdaa’ty:om r@ﬁ@ @hy greeéd@hditiaid) hekdin thdesthanol is incorporated

15 BRI LC RSP APTLD “hRG R OBk ng ol aim wher ei n i he

m &.r oor Ay aaitisr mtmlinﬁ@%nﬂpr@@ﬁﬁuﬁ@tlam wheheig ieethanol is incorporated
to final concentration of at least 7.5% wi/v.
6. A method according to any preceding claim, wherein the ethanol is incorporated
in increments of 0.5% w/v or less.
7. A method according to any preceding claim, wherein the ethanol is incorporated
to the culture media at early log phase.
8. A method according to any preceding claim, wherein the microorganism has an
inactive lactate dehydrogenase gene.
9. A method according to any preceding claim, wherein the microorganism does not
comprise a restriction system.
10. A method according to any preceding claim, wherein the microorganism is
geobacillus thermoglucosidasius.
11. A method according to any preceding claim, wherein the microorganism
comprises a nhon-native pdc gene.
12. A method according to any preceding claim, wherein the microorganism
comprises a non-native adh gene.



