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Research on Production of Cellulosic Ethanol

— Development of High-Efficiency Yeast Strain using Mutagenesis and Selection and Self-Cloning,
and Study of Entire Process —
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A fermentation organism capable of producing a
high fermentation yield in the presence of inhibitors,
necessary for the realization of increased efficiency
in the process of production of second-generation
bioethanol from inedible plant biomass, has been
developed. The construction of the organism involved
a combination of mutagenesis and selection and self-
cloning, and results indicated the effectiveness of this
combination in the creation of fermentation organisms.
Self-cloning is a form of genetic modification
implemented within a scope that makes it possible to
treat the organism as non-genetically-modified.

Mutagenesis and selection using biomass
hydrolysates increased both the organism’s tolerance to
inhibitors in hydrolysates and its ethanol fermentation
yield. Using the selected strain as a base, genes for the
expression of transaldolase and alcohol dehydrogenase
were enhanced by self-cloning. The developed strain
was able to produce a higher concentration of ethanol.

An examination of the entire process led to the
discovery of a biomass pre-treatment condition that
would control the production of phenols, which act as
inhibitors. A process using this pre-treatment condition
and the developed fermentation organism would be
able to produce 213 L of ethanol from 1 dry-ton of
corn stover.
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Fig. 2 Schematic diagram of bio-ethanol production
process
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FHEAN R EENTOM, $/4b5 0.6X0.35 = 0.21 5T
VBT EBZ LB o7 TOMRIZLT, BELEET
BB RS AT 2 Z L2k, KO AES
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Vertical axes indicate standardized growth rate.

(Culture OD with X mg/L inhibitor + Culture OD without inhibitor)

Typical examples of phenols, aldehydes, organic acids are shown.
Optical density (610 nm) at ca. 20 hours was measured.

Organic acid concentration was multiplied by the dissociation constant
for estimation of the concentration upper limit, in order to reflect the actual
inhibition effect.

Fig. 9 Estimation of upper limit for inhibitor concentration
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Table 2 Process conditions

Dry biomass ground to 3 mm pieces
Mix at ratio of biomass : 2.5 % w/v Dilute acid = 1:2
Maintained at 170°C for 10 minutes

Corn
stover
Pre-
treatment

Dry biomass ground to 3 mm pieces
Mix at ratio of biomass : 25 % w/v ag. ammonia = 1:0.7
Maintained at 80°C for 3 hours

Rice
straw

Substrate: 16.4 % w/w
Saccharification | Enzyme: 0.4 mg/g-BM
Maintained at 50°C for 72 hours at pH 5

Substrate: 14.0 % w/w
Fermentation | Sugar concentration: 6.2 % w/w
Maintained at 30°C, at 28 mg/L/h aeration for 67 hours at pH 6

Saccharification and fermentation changed as follows

Quasi- Saccharification: 72 — 20 hours + 4 hours cooling
SSF Fermentation: 67 — 76 hours

Process hours: 139 + cooling time — 100 hours

3R EERL 72

ZOHEEEZ, HHO - DIC R HEYEIRE ORED
BAEHNTERY, $22TOMEWELHERECE LN &
Mo, TOREIZIRAYH B, ZO72DLTE/8T A —4
ELTHD, N TXA=8T 4 9T 4 VIIZKBEEA LA
Ko7z £, MENLIEICOZ)EESKNEEL T =/ —
MAIZEELEZ 72 ) —LDO—EBEfEE Lz, —ARICiHE
SIRBIM N D A4 5 — FROGEWOEE L —EfE &
L7,

ZOHEEIEIZ & » T4 F = 2R OLFEE DN 7
Y ARRET S A[BEIZ s 5 72728, BRRTPIZEF S B p-o <L
Bl 7>/ — LD FREAED . 7 x / — LIS
WS RP B ETFREIC L AR L <, BAEREZINA S
WIS H 5728 Th 5 (Table 1).

B3E, B RS I 2L — Y 3 VICKD WAL &
(R, W%, PR IS X 2BHEME L FEOREROM
RE KD, HEWEFAEED LIRMELL T THr oM ES %
<75 &5 i % E D 72 (Table 2).

ZO XS ICHTVEER L TREE B 7=k 7 a v 2 D5
&, FREFE OB EY R ERIL 29647 U CMET % Z &1
0, H IR T T & 2O A AT HE s R T
EQss

5.2. TERIEE & BEINE

BN, A — VAT Y ZOFEHIZIE,
BILMOIZ M EY Yy BRBEEEINDE. ZDOICI3RH
M EARDENBD, &5 THEOMRIIHNTHEONEL D
FL = RF 7 m3AMRE 0. ThE TISBX7=EY
BRIE & BRI OBROML, FHIEE B 3 720 1o fi Lz
FRABPT L P — 23 Z FBPIEITE A0, BERE
BWEBONBERT Z ) — L K ER T 2L ¥ —
PEKICEDEEDOBIRTH 5.

ZDDETa v AFMEE L L ZIIEERIZ P HE
FEATBNDINT A= FZLT 4 &I, IX I
LM AYED Z 212 L7z, Fig. 8 1278 L 7= RUNER & fiirs

EEAE IR MR EEIZADETA VERS L,
ARETRT IR 2B U 23554, BEE 11% FE T
a5 X0, FRRIE 725 8% [ECRIEET - 7207
MIAZAPTA4 VIEL, b= La X iz oh3sZ &
ERY. AL TA VOERL S, KFHRE oI 2 H
WIIERAN D 5 Z LR ENTED, =4I D
—EOHRIIE AR T 2L F —RE D 2 N OHIRD 720
12, &0 SRR TORBEED A LA NBIEE 50 5.

5.3. #2 SSF 7Ot X1t

INA K TR ) = VAPET Tt 20— & LT Simultaneous
Saccharification and Fermentation (SSF) 2% 5. Z i3,
[Al—RAN TR L E = & 7 — L RBEEFIFIZITS 2 &
2&D, Ta e 2RE ORI TTREE Eh T3 8D TH
5. iz, BT o 2R%ICEE A ST AT ) DF F
JERE S D4, PEALE & JEIERE 2 f0 5 C & [N o7 Bl LA &
HIKTZEBDT, 4= v L3R FOEIRIZDOAH B,

SSF TI3HE & D S & [l —12 L TIT 5 A%, AT
THIWZ-BELRER O sl (50°C, pH 4) &, MR OE
WS (30°C, pH 6) TIEZENKE W2, ELFELCEHT
DOFALRRHIBFER TIE LW, 22T, F—54HN Tt
¥o KU & B RIICAT O UE SSF & Maf L7z, 3L 27 —
LOHEMREZER L, 20 BB OERELO%, Bk
KU pH FEAITV, RBEEEZRMNL T2 ) — LR FE %
To7-. #8 SSF Ik D, 39 Wik & i DRI A
K5 Z LS L&k -7 (Table 2).

5.4. \EINZ

INA AT E ) = LOYENE B LT 1L F — NG I3
TR T & 7 = LHBUNO T a2 212 K& KRIFL
TW3, RABNSA AT E ) — LOYWBIRK 2 EET 51
$7-0, NREL LK — | ©&BEI12 L7 RRERGED 6 2
82V BRI S K UOREEITH) 2L THE T O L 2
DEIFNF —EMHIGTE 5 LINEL T, WG %5
L7 L7z —Y 2 =itk lu—22 A3 L
T — 2T 57 w/wh G ENTWBEA, Table 2 D5
T CRERBEL 21T O BEINE A 63%, UE SSF CTHREF 1T\
FEWENE DS 86% & 50, T DOH%OAEM I K UE L4 &%
5L A< 2 1 dry-ton 25 213 L KT & 7 — )L
Rohsathie o7

6. £&O

AWFZE a8 L T, ROFEREH7-.

(1) AR LEE R 2 R—2 352 212k, JERRA
WkWE 2 3E KT 2HT 4 ) — L REER
ARG /2.

(2)tru—2kkU0ANIXv Lo —2E5HENGET
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57 w/w% D32 —>Y A =% 1 dry-ton HW\ 72385
&, Mgt L = BER OFH & & RO &0 T3,
23L D4 ) — LG5 h5.

72, ROKHR A7,

(1) FERF IR ORI, E(ATHIRZ L BREOMAE 2 HR)
ThHZEEmMLT BFIOBEROALZMIRZ 57210
T, KMOBMREEDAEREL Y by -0 %
ROWENRBIETH B 7D LRI N5,

(2) ED &5 02 & DT & 5 7 He e FEWE R M 213
HENTHEL, A7 2[R K THEERE L7270
Y ZEHAORBERANBETH D, T at 25N %RE
L7729 A CTRFR RS IV D 5.
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