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Abstract We investigated the effect of inhibitory compounds derived lignocellulosic hydrolysates on cell growth, sugar
consumption and ethanol productivity, and also we intended to identify the potential for ethanol production based on
lignocellulosic hydrolysates. Cell growth and ethanol production in the presence of acetate were initiated after 12 hr.
Furans showed a longer lag time and phenolics showed a significant effect on strain and ethanol production in
comparison to other model compounds. In the case of lignocellulosic hydrolysates, the acetate strongly affected cell

growth and ethanol production.
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TARER AR, HMAEZAE 7HEslst] B3t
HE Axslar, oleg FoldS WEAA eSS Aikst
ok o]gfgt ZI=AERAE o83t o] QeRES] At
A, ZAAIAR] 7Rl W2 SkS o] 83 EAe] W)
o} [2-4]. 4t ok Exf2] gl A acetate, formic acid,
furfural, 5-hydroxymethylfurfural (5-HMF), syringaldehyde,
coumaric acid 52| EZEo] WA [5-10], o]t =&
S ek A T A, iAol AalE 2
slo] Aoy vlo] ofghE Ahtel] FEES wIRIT) [2,5-11,14-16)].
of[ehe Akl didet, &%, 3] 0] €82 F 3
omn [2,4-13], Bl A EE 2 vlo] Qu22RE feEs
A2 e WAAS 7K aRE F2 AR [14].
YA EZ A vlo] M AE VRS S5, 2
SEX REeX 5o 6ug A E 2, ol e 50| 5§
L2 A=} [2]. AEkE AWrkTS21 Saccharomyces cerevisiae
= 65H3S B0 F ANSh= WWA, Pichia stipitise S&
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T 6T S B o]8ste olgks ALto] Thssit [11].
Cho 5 [17]2 acetate ‘52| S7F=2 QI3 Alghe Wl &
AE A3 SAE v 128,000 toe®] 718 AHd
o] HIg ¥ EHIZ &BHI e Ao, o]& &8V
fete 7E=EslES] Y8R GAE ARSI eH, g%
FEOFE FEI Qe WE TEHUT 7eEslES] o
22 A4

£ A7 feAE2 2 vlo] eu~E o] 83t ulo] Q.
Aek&o] ZAA AL 93t 7% AFEA Y AEE
Al vlo| uf~2RE feiEe AsEde] T 9 w=ol uf
& P. stipitis®] A R ollehE i) A= YT
Hryetal AA| 7REeE (A 7EslE, AR 9
TR, WS IEHUT s, AAdE HE L
S 7REslE) o] AEE AL 73S Ejlskaat
SItE S FIAE gado g o83 FAue] /714t
(organic acids)A| €9 acetateS} FT (furans) A€ 2] 5-HMF,
furfural, 228]3L #= (phenolics)A| A <! syringaldehyde,
coumaric acidE TEHZ HAr|sl O Je AT
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AFL 3 @52 Pichia stipitis KCCM 12009 AH-
Stk SEHYS YMEIAIS ARS8l o, whe-e 1"
HjF7] 30°C, 200 rpm Z335}ell A 28-36A13T F1t Hi I3
o, AZZFH (dry cell weight, DCW)©] 3.1-3.9 g/L A}0]
9] FS 2= wlYsIATE YMHE)A, yeast extract, peptone
2 Difco (Detroit, MI, USA)ALS] A|&ES F+YstHoH,
acetate, furfural, coumaric acid, syringaldehyde, 5-HMF
(5-hydroxymethylfurfural, HMF)+ Sigma-Aldrich (St, Louis
MO, USA)AS] AlES ARSIl o]9]e] BE Aok
experimental grade B 71 °o)de] =5 e AR

QJate] ALt

7Ix2slE ¥ FX2| (deacetylated) 7I+-25HE2]

ZFreEe] AxE 9t FE LZ U (hybrid
poplar), 7 (rice husk)E X33 (chipping)stal 159 <t
AZAZ) & Lglo] D (Wiley millyS AH&-81e] 20-40 =14
(mesh) == 381-864 um<] Z7]|2 AAsle] FH|8}3 T},
AAD B2 9181 2 g 3.2 mLe] 24 N H,S0,0) 30C %4
AN 1AIZE B HRSAIZ 3 12.8 mLO] SHFE 3718k
105C =704 1A B3t HhSAIHTE W& (ice bath)
£ ARESte] WZAZ)AL 1G22 (Twaki, Japan) 2 HE|H
3o 71EElES AU 7EEE2 Ca(OH )< A8}
o} pHE 6.0-8.0 Alo]9] ke Zi=2 F3lAA Fulsiint.

21212 (deacetylated) 7Fall &2 72l E-S Al x38)
7] Aol [AE] 8L 8Tk 20-40 A= GAIE =
A 9 5 g5 50 mLY] NaOHoll ¥R$-A1Zth NaOH®|
T 0%, 0.25%, 0.5%, 0.75%, ¥+3-2% 45C, 60C, 75C,
90C, ¥RS-AIZF 0, 30, 60, 9002 AA3} 308 714
O Z NaOH9| FE9} W2 52 J7IAA ZA) upHe]
LY (swelling)S =3FAT}

e

X

= |
=

2 A3l AR wliA= SF522 100 g/L, yeast extract
g/L, peptone 5 g/L, KHPO4 1 g/L, MgSO, 1 g/LZE 143
B3R Alolm, mAsletEo] P shpitisll WIXE FEFS
gty S8l g9 B3huAlel] Rs3tEs TEEE 3
7¥ete] AagderS vt RdsldtEe] S5 2 v
M= 714 (acetate) 1-10 g/L, &+ 2 FEAID 15 gL
2 AR 7R E] oeks HEE Yle] 27t
7F-3l &0l yeast extract 5 g/L, peptone 5 g/L, MgSOy
1 gL, K:HPOy 1 gLE F7Vate] olehe ALk viA| 2 ALE-
319tk 1 N H,;S0:2} 1 N NaOHE ©]€3le] pHE 6.00%
3199t} 250 mL AztEekaTe) vk 2u)= 80 mLE 3}
Rom, Aol AMgH BE HiR= FHE3h] Wl datste
THIslAL # 5 T sl 5% (viv)E FESHATh v
S Ah S ARgEIsdem, 30T, 200 ipm 2HOE
72413t Bt WEAIA

(9]

o

THEE, g A0 U oIEHS Wik £3

AT SAE fI8te] wFdellA 0.05 mLS 2FH8)AL
1.5 mL F2el 1/208) 343t FHlE HES B335 A
(Shimadzu UV-1800, Japan)E A}-8-3} 600 nmo|A] A
TS =3I oleke U FFF0) FEE 5] ¢
3 HioFe 1 mL-& kL 5,000 GollA 153 9k 4%
71E o83t dAE FHAR T S T (Advantec
DISMIC 13JP PTFE 0.20 pm, Japan)= ZE}& 3l HPLC
B2 AZS F8)3}4 Tk HPLCE refractive index detector
7} &A1 E Agilent 1200 series 228 o]-g3l o, AHe
BioradA}2] Aminex HPX-87H column (300 x 7.8 mm)-S- A}
431} olwl), AH o] Lx= 45T P o, o] 54 (mobile
phase) 5 mmol HySOs 5 ARSI H, fr& #73 0.6 mL
2 AAsi

Zn ¥ D

rir

Slx|o 2RsiRE0| ExfSts e NS

Aol 2dSlhE (acetate, furfural, 5-HMF, coumaric
acid, syringaldehyde)= 37151 Pichia stipitis KCCM 12009
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o] WAV F odlekE At AAS AR vzt A
< 9ot AaEAe] EFEA] B B3t viAE o]&3h
735, At TFAZF (ODgo)S 361710014 17.3 g/LS HIO
™, Ho oflghe AAFFRS 72417 A 41.14 gL} ollgk
& A 88 045 g (ethanol)/g (glucose) O & O] 2T&
9] 87.6%% HI}.

HiRlel f715ke] EAskE AE 71k sk HlgElst
of Ao 47 B AR F ek AsksEo] hAaslsith
F71%F (acetate) 1 gL 7397} 7 22 A FdFS BA
ow, f§714F 10 gL} B97F 7 2 A FES
oNehe AL 8- 046-0.39 ggO 2, ek A
H)x= Feke AL whA, oeke Arkake )t

o

-

4
&
g
o

36A17F
of| A Tt thH] 72.5-23.9%9] AFES Rtk 7Kk E
T7} F7Hse) wEt S R3S ARSET) 7AYo,
71k 371t BE ujA] 204 712417 Wlol] S22~
£ BT AR Ealt) o]t 3oz ogke AYak
2F 2 AAEgo] ZHASIATE 72417t oleke ke
2t thH] 88.2-27.46%B.0H, viAIWY F714ke] 5o}
S7Veol we} oleke ko] THAERS ERlsth =%
s ARk o] olehE ALE 82 242 0.43-0.39 g/g
o 2wl 714 7R Gz st ek At
o] gadke AL 1T 5 A8l

= T1uv
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Fig. 1. Relative cell growth (36 h) and relative ethanol production
(72 h) by P, stipitis KCCM 12009 in various concentration
of acetate.

Russell [19]-2 acetate 2} -2 2Hd EZo] vAE vl Yl
EAThE 781, k] A7AEE] (uncoupler) G&ol| thste] B
At 7HE-217] (carboxyl group)S EESH= acetate S}t
2 S4E52 gy o 2 /4 (lipophilic) E&o]H, Al
S B g e S0t ods 225 ¢

AlEetol] A= ATPasedl] 2]}e] AlEe} Bho g uj

%
A+ (H)
ok 37 Fe 2012 (XCO0)E-S 474 (lipophobic)
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42, Nxehs e glon, A2 U pHYF &Y
79, golo] A= 4 Stk ATPE ADPE HFA|7]=
M BASH= IR o]-8ste] AE ol FAE &
O|ZES AIXE BIo = wiEA)7|H olefst gl A ATPS
$£Ao] At} dukz| o7 o Ee)= AkEHE 4k} wt
& 3IAIA| (uncoupling agent)2} E&]™, 4814 1418} vES-
o o] Ao F5E A=A 1Mk AkslE A
sk SgtEolth AAZE AEEE EAlshs 9 Ak
SF= A3 PIXANRE QIs) RESRES: Aslehe B F
To] Z9ole nAEL] Ars o] X ET Keating [20]
T2 @A AFE 71 Hshe A e
Arkero] 2T st JojF o2 Frtele Aol
ReS Bk v Qo)

Hj x| ol FAA o] EAs= F, furfural 2 5-HMF
o] FE7} FoHTE A AAARe] ST
o, TA /7o) A whe} deE AT AAE= d
A& HAY Furfural 5 g/LE H7IgE v R M= o5
7} v R o] =40l A-g3tA] g ¥, 5-HMF 5 g/LE
A7¥ek iR Tt odlekeS ALk, S-HMFRETH
furfural©] P. stipitis©l] PIX& As|Po] o] 2 AS Bl
o AU

FaA G Asfol ot A dFe] A7 A &E
o we} olekE Astel]l oM E AAEE FEFOE 724]
7ol X o] o ghg AibeFo] A3kt Furfural 1-5 g/L
7} H7rE wi A Y T A G 3641 A i tiH]
103.9-2.5%9%] B4ES BATE 5-HMF7F 1-5 g/L 371
Hj R 9] A 4372 36417 ol A Tt THH] 108.8-72.7%
o] AAE-S Wtk Furfural 1 g/L9 5-HMF 1-2 g/L 2]
A9 12717 Yol 2F3~E 5 ARSIReH, UET
7 Hlarste of|ghE AL Bl -0 Aol AA]
S AT F AT 71 Al 7R 2 A 9 SlEkE
AaE-e 2T the] 101-99.8% o1, olehe Ak
2 0.42-0.41 g/gth. Furfural 3 g/L, 5-HMF 4-5 g/L2]
735 dAFANA 24-36 A7) AA7]E Bl wet =
Fi2 ARGANE AAdEGS HYor, AR =
FE BT AESHA| EITh 72417 A Y] oflgke A4k
£ UET Y] 84.8-62% Ao, gk A2+ 88
0.43-0.42 g/gch.

Boopthy & [15] 57} furfural ¥ HMF (5-HMF)°]|
A W H3E oA furfuralS furfuryl alcoholZ 213k
AlZIYal B33k 2™, HMF7F HMF alcoholZ 32
Aolg} F=3th UVEEE 282 nmollA Hoh E3==S
7= HMF ¢} Hlalste] HMFSF #d® 3183 UVE%
% 222 nmelA] SIS vA|9] SFHE-S e, BAls)
o] NMR (nuclear magnetic resonance)2 ©]-&3to] #2413}
Qow, nx)¢] 3}FE-S HMF alcoholo|2} =319t} &
Sk, Almeida 5 [11]2 Ps-XR (P. stipitis xylose reductase)
o] 5-HMFZ 7H4A1A, 5-HMFO| 93 Aafjai-s 24sia)A
T o] IS Bk
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Fig. 2. Relative cell growth (36 h) and relative ethanol production
(72 h) by P. stipitis KCCM 12009 in various concentration
of furfural and 5-HMF.

T57} 48] Z8kdTt. viA]el coumaric acid”7} 1 g/ &
Ak 73, TASES tiZa tiv] 36.1% 9.9, AA7]
7} itk ollehE AAhE2 tiZt tiH] 47%, ofghe ALt
TEL 0.52 g/gAth Syringaldehyde 1 g/L 2] -5, w#14d
A iz tiH] 56.4% 3.0, 6A171e] AA7|7F HEE A
o} oflghg AR Tl tiH] 67.54% 0, olgke Ak
T2 043 g/gSdtt.

Hefe T2 gadY 718 7848810 did-Z2 0]
o=l Tgollx FAE, 18 A 52 7 A
Y HEA= 28 2 AAZRE e[ o I
.ol HlERF= oles A T TS 2
o gk Astell 73t Al Feks BRlth ERAgolA, His
2 g Al wAUS tiste] $d3] EE vk= gle
u, ollehe AE o] M|l kS Frof Alazute]
8 7] (selective barrior, enzyme matrix)°ll A3]E F= A
o7 A vt [16,18]. HAEF7F £ wijAY g
L kg wkllA ortho A0l WS X]3-7] (methoxyl
substituent) & 7}A|= $22+8}H|E 1& (phenol hydroxyl
group)©| FEFY FAES AT |e @do] 7 A7AlEl
o5 =T} [21-23]. De Wulf 5 [24]2 S. cerevisiae”}t
vanilling- vanillyl alcoholZ A 4= S-S H13}H
o™ Klinke 5 [25]& SF32E F8 7|42 ARR-E}aL,
LABIRIER FHlis 2 2-furoic acid 52 H71EF §4 |l
S. cerevisiaeS o]-8-5lo] Tan]UdS ST HE U 2-furoic
acid®] 54 2slsl7] 918l 10 mmol o] kslllE 155
H7vete] 1 s A3 Ay, grlslo|=f/w oleke
& =0l o8l FrElen, wE ujR|elA Hls 2 2-furoic
acid®} TAE ¢ (4-hydroxybenzylalcohol, vanillyl alcohol,
syringyl alcohol)©] &S FRIIH T}

s 3}
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Fig. 3. Relative cell growth (36 h) and relative ethanol production
(72 h) by P. stipitis KCCM 12009 in various concentration
of coumaric acid and syringaldehyde.

I+ESE (27, 5 ZELIT) Y HXaE
(deacetylated) 7I-E3iE2 AI2sH= 49|
OlIEHS M4k

FAG0] 749, HAGee} vlaske] sudEz o opdd
715 v X3l glom, oejst oE = Atell <3t 7}
T3l Al ket F] frikke] dAE, aEEe] oA
EL} (acetate) o] WAE gEo] =T AEE9] oM ELR]
EAeeE 7EEREIES dge AL aixE &8 He
HBE AGA, ollehs Aikare] 7HAvt oprlEnh o] s
oM ELI] fEfjE= oMEVE HeH o g A A KIS
2] (deacetylated) 39S 71t H.SO4E ©]-8-gh
7S EA o] ol LEe o] NaOH &40 g Ax]z]s}
Ao, A ViElE 2 A IZEUT 7EsiEY
obEAS] Frt 7tz 22 gl, 69 gLAoH, AxE &
A7VEEE 2 AMYE JE 2V 7EslEY]
L, oA EAR] 0.9 gL, 1.1 g/LE ZH2} 59%, 84%2] o}A)
ELF A a9t St Aol ARE VRS EEe
T8 Fo] AT, 9A TEElEY AT, 7S
47 g/L, ALE 2 243 /L, AHE|E 4A 7RaE] 7
¢ FFI2 639 g/L, AR 214 g/L, HE EZ e
NGB AL, SR 449 gL, DR 219 g/L,
A E HE TET 7rddE] 45, 25325
425 g/, AADZ 2 22.8 g/LE o] Fo)A] Utk TEES
o183t P. stipitis2] BlFA, SFILE BT ARSH 5 2}
Iz 2~0) vl B2 3 AES HAT. Agbogbo 5 [26]
2 AR g2} FFEF) vluske] Frjd oz 31gker) vt
7] W P. stipitis7} SFAE HNadle] HFH @ o]8s
= 74%ko] glom, Az vkl A, P. stipitise BIEM]
3} 2o FdE glo] Wyt rksde Bk

4A 7R E (rice husk, RH), 29 A 78
3= (deacetylated rice husk, DRH)l| X3He As|&29] &
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2R 77} 348 g/, 2.84 g/LE 2 x}o|S Ho|A| & whd
acetate”} 212+ 2.2 g/L, 0.9 g/L7} E &= 0] acetate = 213F
Al o] At AS BRI 4= AUk FA TEEE
o] 73, A/l 12417 A AVIE B om, 72A17F
B SFILE BT AR O AYEAE BF AR
shA| Zstath A2 E GA TerRalEe] AT, 24417
Bt TAZE SR o, 24A7HE] 48A1ZE FF AR
o] &% FVFhs HES BA) dleke ALk A 14
el W AAEE 4A TeeaEel A 22 20.79 g/L,
21.67 gLFOH, oErS: AL 48-2 043 /g, 042 gg Gk
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Fig. 4. Cell growth, glucose consumption and ethanol production
in rice husk (RH), deacetylated rice husk (DRH), hybrid
poplar (HP) and deacetylated hybrid poplar (DHP) by
P. stipitis KCCM 12009.

FE XZHUF 7152381E (hybrid poplar, HP) 2 2%
2¥ JF EZ T 7HESHE (deacetylated hybrid poplar,
DHP)oll 3He AsllEde] T 717} 7.85 /L, 2.11 gL
Fom, acetate?] FE== 217 69 g/L, 1.1 gLE & F%
9] acetate”} EFHE 7HHEeES] A FeFs vetd o+
At FF EZ T 7eEstEe] A, dAl g7l 244
7re] AQ7IE B om, 2ARE B SFALE BF AR
skA] Fatct A E FE TZUT ZgEaEe] 7
5, TAl AA717F N0, 24413l Al FAIF=
Htk 48AIE Bt SFIAAE B ANSIon, =2 2
FIS FEZ QS P. stipitis7} ALZAE g@4aPdoe
ol&3lA| Fohs AES Btk oleks Mk FE &
U 7iEslE 2 AAEE A EEUT TEsiE
ol 242+ 19.2 glL, 27.5 gL oH, Aleke Ak 82 7+
7} 0.41 glg, 0.41 g/gSith olegt AP acetate = QIS
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2 o]g3he ok, AsjEAo] AR 585HS
& 3%, 5| Abgo] op|gic.

S IAEZ 2] Blo] QU A o831 Hiol Lolghe ALt
34N Azl asler Agshs Bl (F71kh 9,
HsA)ol AR LH PX= @ ds Heteto 2l
AEZE27 vlo| U AE TiEslisle] I B8 s AR
Washs 7492 Asidd B oles Ta 7he e et
k. RASRHEO] P stiptis®] TA3E R ollghE: ALk
PRle GRS TAVIE] A, TAF A, g ALt
o A, olleks Lol g vjotdt 4= ik mdlls}
gheol EAshs AF, olgs At 0] Hishe 3
g B BEHA skt {71k B, w0 =0k
T TAVE B FF9 dlge Bikedol Askde ¥F
stk FRALES A5, 50 ol e s A B
olgke Ak, AA7 17 S7kehe e sl o,

o

SsAG FA} 7P WS WS AL A% 5
9k Bl TS EA Hlolovle) P97 B W TE

HUTE dEE, 7lEsiEd dAYE TiEsiES Al
Z3te] o]59] olghE A B Hlal B3l e,
F7VRE AASks A e4e == iRl
ol 323 Aslzdo] &5l VA= e AFAA o
S At B8 WP 2 A7E Tl gAER
A vpo] Qi AE ZHke g2 3 nlo] Qofekg At 7k
= FRAG = Ao, Tl Eel SR8k As=d
AAE Foto] Rt T2 diedEE2 ) Hlol erfi
o] &8 7hsAdel tigk s AAISIAH

& Al
B ATe uSH|ER S ATATe] 7|2ATAL
4 (2010-0002313) H SHEHF- ZpAl) A SE 7= )AL

% (AN Non-CO, L7k A1) AL
of FalHglom, ofo] Al

A 020109 11€ 109, AAEL 20103 12€ 25¢
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