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B E  Characterization and improvement of thermotolerant ethanologenic microbes for low-cost
bioethanol production from various feedstocks

Rising demand of an alternative energy is fueled by the growing of world population and increasing
aof petroleum price. Bioethanol is one of alternative and renewable fuels derived from various plant biomasses
by ethanologenic microorganisms. At present, bioethanol production is mainly conducted with sugar or starch
base biomass such as corn, sugarcane and cassava. However, to achieve sustainable energy, the production of
ethanol with low-cost lignocellulosic biomasses, which does not undermine the food supply, has been
challenged. Moreover, the application of thermotolerant, stress-tolerant and highly efficient microbes for high-
temperature ethanol fermentation is expected to be a crucial point for industrial application.

In this study, I focused on the development of low-cost ethanol production system. Ethanologenic
microbes were screened from natural sources in tropical countries for the utilization of various biomasses and
were further improved by using several procedures. The high-temperature fermentation with rice hydrolyzate
by two microbes, Kluyveromyces marxianus, Zymomonas mobilis and their derivatives were investigated, and
their fermentation capabilities were compared with that of Saccharomyces cerevisiae, which is widely used in
ethanol fermentation industries. The results showed that naturally isolated microbes can be further improved
and increased the ability of ethanol fermentation at high temperature. Moreover, the possibility of
temperature-uncontrolled fermentation has been shown, which could be an economical process under high-
temperature circumstances because it may cut down the cost of cooling units and their running when applied
for industries. In addition, thermotolerant K. menxianus DMKU3-1042 and the thermo-adapted derivative of
Z. mobilis TISTR548 were applied for a new technology of simultaneous fermentation and distillation under a
fow pressure at a high temperature. Both microbes were shown to be applicable to this new technology.
Considering the concentration of ethanol, application of this technology could achieve the final ethanol
concentration up to 60 % (w/v) which may reduce the cost of energy used for distillation process.

On the other hand, the capability for conversion of xylose, which is the second most abundant sugar
component in tignocellulosic biomass, to ethanol in K. marxianus was extensively examined. K. marxianus
BUNL-21 that was isolated in Laos was characterized and compared with that of the efficient strain DMKU3-
1042 previously isolated in Thailand. The results revealed that the strain BUNL-21 possesses greater ability
for conversion of xylose to ethanol, stronger resistance to 2-deoxyglucose in the case of pentose, and higher
tolerance to various stresses than those of DMKU3-1042. In addition, it was found that both X marxiaius
strains produced ethanol in the presence of 10 mM hydroxymethylfurfural or furfural, at a level almost
equivalent to that in their absence. Comparison with Scheffersomyees stipitis, which is a native xylose-
fermenting yeast, revealed that XK. marxiarms BUNL-21 was found to have ethanol fermentation activity from
xylose that is slightly lower and much higher than that of S. stipitis at 30°C and at higher temperatures,
respectively. Large accumulation of acetic acid was noticed during the conversion of xylose to ethanol of both
K. marxianus strains which may be the reason of the lower ethanol production of K. marxianus than that of S,
stipits. These findings motivate us to do gene engineering to improve ethanol production and reduce acetic
acid accumulation. However, the beneficial characteristics clearly indicate that K. marxianus BUNL-21 is a
highly competent yeast for high-temperature ethanol fermentation with lignocellulosic biomass.

This study provides valuable information and technology for application of thermotolerant X
marxianus and Z. mobilis for low-cost bioethanol production from various feedstocks.

H AR L3RR TR T 2,



(BUttR=C 7 =)

FURXEEDOHEROEE

MERE B 7 K 4 SUKANYA  NITIYON

il ST FT 4R 29 5

il A BH O

GO B 4 (MBABEXOWEE, T2 LA TRIRAIGIGEE CTRilkT 5, )
Charnecterization and improvement of thermotolerant ethanologenic microbes for low—cost bioethanol
production from various feedstocks

(Rl 4 OWELDBOURD AR AA A F J— )R O T b Ot Wk & 2 — 4 pEE SR A o
Pk &l 1)

| Wi (MIA A0S e OB i, (TR 2 TRREITIR S TR D, )
<HGHE & TR D el >
MR Efficient conversion of xylose to ethanol by stress-tolerant Khivveromyees marxianis
BUNL-21
(A & V& (it ¥ Kluyveromyees marxiunus BUNL2IIZ X B o —RAhbmF J —~dD
AR TR )
Wl sE: SpringerPlus, in press

(201641238 JHillg - [Jhill 1 s

WIE : High-temperature {ermentation technology lor low-cost bioethanol
(G =2 A B /SA Ao i 7 — D oz ¥ @ 3 B8 i B i)
PERE: Jomnal of the Japan stitwte of Energp, 2015, 94: 1154-1162
(20154E10 4 - e lig=1751)

< B E L >
2 3 1l
I E - Isolation and characterization of thermotolerant ethanol-fermenting yeasts from Laos and application
of whole-cell matrix-assisted laser desorption/ionization time-of-flight mass spectrometry
(MALDI-TOLI/MS}) analysis for their quick identification
(T AR5 Dt A= & ) — b 38 REPERE T 0 43 il & i Y 35 2 OVR A Bl oo [l
@ 1z 8 O 4 [l v 72 MALDI-TOR/MSTi#AfF o FiIF)
il Afiican Journal of Biotechnology, i press.
(20164E3A {4 - JEilk 1

LB Wickerhamontyees xylosica sp. nov. and Candida phayaonensis sp. nov., two xylose-assimilaling yeast
species from soil
(LA 50 & iz % 2o — X Vb EE B Wickerhamomyces xylosica DT &
Candida phayaonensis OYH7HR)
B eEE: Inernational Jouwrnul of Systematic and Evolutionary Microbiology, 2012, 62, 2786-2792
(20124811 - BT )

4 B Candida wthaithanina sp. nov., an anamorphic yeast species in Nakaseomyces clade isolated in
Thailand

(¥ A T &= Nakaseomyces 7 L' — RO FFEAY 4 v 7 7 BEBCandida uthaithanina




T oy
BillisE: Amonie van Leeuwenhoek, 2012, 62, 2786-2792
(2011428 [Bil] - 18T )

BH B Cundida saraburiensis sp. nov. and Candida pruchuapensis sp. nov., xylose-utilizing yeast
species isolated in Thailand
(F A THEEENT=F ¥ 0 — X E LR Candida saraburiensis OB and Candida
prachueapensis O HFL)
B International Jowrnal of Systematic and Evelutionary Microbiology, 2011, 61, 462-468
(20114F2 8 Rl - {885 )

(RO E)

LS @34 AW EIZ 2030 IR BEE D00, Lz i3 2 L S, HUERIRIB(L oML LTIl
B N DCoNMRe A B HIUNNT (5 LR & BT LT, 23 AR 8 2 S BV T 3
WA/ S A A ABMITE@ B35 E LTS, LivLadianb, #2112 ARz & =
2 N HAB T LB, HHTHHIASRS bR TS, AWE T, £ Dbz 2 >0 N8 217 - 1=
LDTHY, EO— 2%, 3 A MO HOFLNF & L TEHETEES I OYE R fE ek X & izt
FEATC R D=y /= I ST LT S, 20, 5 2 IURA A<= ARIH O f b o & o
7 — A LAHECE DAL OE & ZOREDMNT 21T > T 3,

FP, o=y =A@ EGRERHT A IR e, SR T A3 & — A PEPE OO B Y 1)K Iyveromyees
merxianust3 K ONHEEVERNG Zymomonas mobilis%e 53k D D WO VAR B 8L L, &30 B O Wil T ke
A g5 L RS @ 2l B A AECHh D Z 2R LTV 5D, ST, MHENGO N 7
AR, 000 L& 22 & A TIRBUE TSR EChHL S Z & UL LTV E, & HiZ, f|0°CD\J:'G’
PR AW RS ThD Z LA b . BRI UTIFEMERNT X D om 2 — L iEANTIE T b,
TS AL ISR LT B A TR T S L~ od 3R A JEili Uy #h 0 J U TRt TE B 2 L 4
RLTe, Eie. MIEMARNC L o THRA T — BN T & 260600 EOBRMAE R L TWa, i
T, 3 ADNKSIYE PG E L. A0 CTORBENNTE T O B8, 8WEK marxivnus 0 b it

1bZ mobilis OFR L 0 EIHNTRITRAVNCR A E2RL TS,

—FH, BAB—ARNAFTTADIY )= DERDI ~ Y- ZOANINATHR v a—
AEVHETE SHRORA Y ) == LT, TORTLHR IR —ANLDOIY ) — I ERHEO K
marxiamus BUNL-21 &84, T O#bE ZA0E TIHEMER W & E ST TWD K marvianns DMKD3
~1042 X 0 b R ASBRVN T & | N Sm— REHBAEGRE S D iV Scheffersomyces stipitis & Wil T o 3
e APEODIF )= VENEMEL R CWB I &, B — AT S Zw 2O FHNET IS A B 4154
Pz Clh B2 L7 ¥ BRI LMY Uiz, —F T, K murxianustEBEERBRET 5 &
g =R ERT SOOI E B >TED, 20RO TIEEMYTES 25 DI fithids & KR8
oS ER bl Lis,

LLED &S0, Wik, 5 2R SA A~ 2 OR BRI U CHEMIE 2> TS 3 2 M%)
BRRTS ) —A~DBER DI DT 2 ODPHWIMIEEIT > THEY . TNENIL DWW THEREEHFB L QR
WL LTI LT > T3, £, B8 oRicfill LEREREEh TR0, ~ I Lif
HEHTELOLONERAGL L R> TS, WEEAFIZEXFAZER LA Loshy & Lzt
WEFRIZESNWELDOTHY, Fh, Z{DFRRHELHI L L, BMHASHENL—EOFME |
BTVEH, b0l b, HOMWFEREZET T2 LSS,




