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ABSTRACT

Received: 20 January 2018

The production of bioethanol from lignocellulosic biomass using yeast will depend, at least in
Revised: 17 March 2018

part, on the yeast strain’s tolerance to fermentation inhibitors. Pichia farinosa KCTC27753,
Accepted: 18 March 2018 which was isolated from nuruk in our laboratory, grows well at 46°C and pH 3.0. To explore the
fermentation-inhibitor tolerance profile of this stress-tolerant strain, a cocktail composed of
fermentation inhibitors released during biomass pretreatment (e.g., furfurals, phenolic compounds,
and weak acids) was tested using a plate growth assay of P. farinosa KCTC27753 and control
(KCTC27412, CBS7064) strains. The results of this assay showed that P. farinosa KCTC27753
had relatively higher growth rates than other strains in the presence of HMF, vanillin, and phenolic
compounds. During fermentation, KCTC27753 produced 8.54 + 0.51 g ethanol from 20 g glucose
in the presence of an inhibitor cocktail (1.6%). By contrast, CBS7064 did not grow under the test
conditions and strain KCTC27412 produced 6.78 + 0.48 g ethanol from 19.6 g glucose.
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2T AR A S st A R0 TRt ARG & QIR e Z A 502 Qlsto] o] 5t 119 ol 2o
U2 Aatel "ado] difFsal glom, A AAIA o= oot d+-50] X385l Itk Goshima, 2013; Mclaren,
2005; Eyini, 2004). H}o] @07 7] AEAAe} 2| 0] Hlo] QAR HE] PAHE]H(Goshima et al., 2013),
AT AR go] $2510] 4191 0 2 At vlo] Qe go] THAEHo]Th(Melaren, 2005). HHO] QolRh S-S
L4561 01514 0 2 Q151e] A-Go] A w2 QIAHEY Ql o) L5 4-E v)Est MBI A Y7 S o] &5l= ALY

&2 AIATE AFEAL AL 7HAS S02 Qlste] Aeht FLspl SsA 26 kKo,
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2008). TbA HAA Y=t HE 5O TR AR R @ AA Hio] QU AR HE] Hio] @ ofjgh2-5 Aitol=HHof 3%
et A7t Z]&5H 0 2 F7tstal 9t Goshima et al., 2013).

AE2 A vo] QU AE A ES AR o] @ offek2 AYAEEAof] o] 85t H n|AEo] o8 4= Qe E 214
2]37go] B A5PH(Cho, 2007; Sassner, 2008), THF 2l S22 ¢ A5 a7} 7H57E R Eoffor] ffo] 72 4t
ojuf Y| E AESHE SFotA] ol Ei= cellulaseS EA7E 45 ARESh AA7EoHo] ARETHKo et
al., 2008; Cho et al., 2007; Jeong, 2009; Oh, 1998).

A=z AU SR AT ARS8 AXH 22, 2
2 B =] 2], hydroxymethyl furfural (HMF), furfural 7t 22 Fe-- 4|2} formic acid, acetic acid 2}
o] A/J =™ (Leif, 2013; Galbe, 2007), 2]1d-2 TARERE== EA6tAY dlzF 9 tE U= 3k
THLeif et al., 2013; Arantes, 2011). ©]2]3t 52| B0 = <Qloto], Fan|P=2] B8} ofeh-SA8
CHFig. 1) (Almeida, 2007; Larsson, 1999).
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Fig. 1. Effect of fermentation inhibitors by pretreatment of lignocellulosic biomass.

G @ MEE F7 Aiks Aol ARgE| Lo H, 2t Hio| ok A4t FA ol ke AREE] 1 ITK Eyini et al.,
2004; Lee, 2014). ofgkZ TR oll= oflekE AJitdo] 92t Saccharomyces @ Pichia%:0] 717 &o] ARt
(Lee etal., 2014; Mielenz, 2001). W2hA] o] QujAS 71 2 ALg510] of[eh-2-2 74| 2] © 2 A7 fJafiAf=wt
aA|A thet Ado] 25t § BwtF+5 St o= Zlo| uf-¢- 52 5ltH Almeida et al., 2007).

202 HE Balgt GRQI P, farinosa KCTC27753 (Kwon, 2016) w55 11-20]| 4 AJAfo] 461, Atk AFE
el gt o] 45t ofeke AAkgAgel atEls B4 2d w5olthNovak, 1981). 2 Aollxl= P,
farinosa KCTC27753 9] 'a{siAe] tigt /d-S E1ste] vio| QoA 2K E Hio| @ ofehs-& AJitoh=d] Za gt
7|9t EE S starzt stk



52 « Journal of Agricultural, Life and Environmental Sciences Vol. 30, No. 1, 2018

o T
FEo7HE BaE0H, 46°C, pH 3904 47| 7155t P. farinosa KCTC27753 w5 AFE-5IATtHKwon
and Kim, 2016). W22 P. farinosa KCTC27412 2 CBS70640-52 SH0|REA QA (KCTC, Dagjeon,

Korea), Centraalbureau voor Schimmelcultures (CBS, Netherlands)2-5-E] Zfzt 2oF who} ARE-51T

HHR| 2 Ef =2

P. farinosa CBS7064, KCTC27412, 27753 w5-2] A s|Ao] et g2 A 3d517] $Ietod(Lee, 2013), ZF ot
Fo] T 222 5 mL YEPD (yeast extract 10 g/L, peptone 20 g/L glucose 20 g/L, pH 6.8, BD Diagnostic, USA)
Bl 2]of] 24&5}0] 30°CollA] 12417 BlARE &, 600 nmollA 9] Ml 835 (0Dgg0)7 | 0.20] S sh= w412 514513
o}, Al B2 53] AlAetal 1075 107714 ©A1A 0 2 45 ARgste] slaeh & ARE51art jA e
ohtet s o] I AoliA 7 3471 YEPD H¥hlz]of 10 pLA &gt 230°CellA] 4841F Fot viekotlt. i
A= Sigma-Aldrich (USA) 256 JLufsle] oo, AafiA| 9] 27 9 %= Table 19 YERISICH

Table 1. Fermentation inhibitors used in this study

Fermentation inhibitors Furfurals Phenolic compounds Weak acids

2-Furaldehyde Vanillin Formic acid
(15 mM) (6 mM) (40 mM)

. Syringealdehyde Acetic acid

Inhibitors
5-Methylfurfural (10mM) (45 mM)
(10 mM) Coumaric acid Levulinic acid

(25 mM) (100 mM)

2-furaldehyde (90 mM), ferulic acid (70 mM), 5-methylfurfural (120 mM),

4-hydroxy benzaldehyde (50 mM), guaiacol (70 mM), 4-hydroxyacetophenone (50 mM),

2,6- dimethoxyphenol (150 mM), 4-hydroxy-3-methoxybenzyl alcohol (200 mM), vanillin (40 mM),
4-hydroxy-3-methoxycinnamaldehyde (10 mM), isoeugenol (10 mM), syringealdehyde (50 mM),
caffeic acid (120 mM), formic acid (400 mM), acetic acid (600 mM)

Inhibitor cocktail
(100%)

1 2| 3ljA] £HE(inhibitor cocktail)0] 16 g/Lo] B & H7Ve viR]|o|A P. farinosa w552 T#52] A8t 3
T AREAS XAl flote] T HEhS 50 mL2] YEPD HiA| ol FE5kal 30°CollA] 12417 &<t Zulstal

N9 v YHEEE 5010 et & a2 AIHSIL Al S =710.10] H a5 TaAsiA] &gzl
o

7471 200 mL ] YEPD Hi 2| o] E-01a 28l (JSR, Korea) S AF8-614 30°C o4 200 rpm 2] WHHSEZ 72
H

T5-0] A2 33 A|(Ultrospec 6300 pro, GE Healthcare, Sweden)E AF8-610] 600 nmof|&| SF 5 Z7o5}
275t 2 9 ofehE 0] F = =4E HE7I(RID-10A, Shimadzu, Japan)7H&2HE 1/3°s 4| A =rtE
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12} (HPLC 20A-Series, Shimadzu)E AF&-51o] 575131t 272 Rezex ROA-Organic Acid H' (Phenomenex,
USA)E AH&519.01, o] 5AF2 24 0.005 N HoS0, -89-S 0.6 mL/min2] 4502 AR85}9ct.

RE =70 35| HHSY] o o] Wl gk EEQ AH=IBM SPSS Statistics 21 (IBM, USA) S ARE5Ho] 24511
o Ao LeHiA] 24 A4S o] 85T Wu, 2007).

P. farinosa #5-32| L2 A{SHA[O] Ciet LIS
50256 2aStP. farinosa KCTC27753 w-2] HaAsAl| thet W& thx7 w55t H|ws}r] 913,
creet Thg AslAl7E 371 YEPD BHHlAE ARgste] A|Q] 4474 vl wat A ThFig. 2).
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Fig. 2. Growth of P. farinosa strains on YEPD plates containing fermentation inhibitors. Cells growing exponentially at
30°C were diluted to an ODgq of 0.2 with sterile YEPD. Ten-fold serial dilutions were then prepared, and 10 pL of each
dilution was spotted. The plates were incubated at 30°C, and cell growth was assessed after 2 days.

YEPD H| RO A Al o= B GARRH 7S UEUIQITE YEPD i A|of| 4 o] A7 Ao} B wstel-S w, furfural
Ald 2] 2-furaldehyde©] 71 v &]of| A KCTC27753 w-5—= t 2ol H|a| A& 0 &2 Lho dAf| A4S e Q]
21, 10 mM 9] 5-methylfurfural©] 7Fe 2| of| A= -FAFet Ad78-S LFERA AT Phenolic compound”} 371 BY
2], CBS7064 d--= /"1741‘8]-11 5619 .9, vanillin} syringealdehyde” | 571l Bl Z|of| 4] KCTC27753 w57}
2wl ]98] 9t RS- FERAQITE Weak acid”7| 7 Fe vl z]of| A &= phenolic compound”} 371 HiZ]
QU7 IR 2 CBS7064 w--= A4 6HA] 551.0 M, P. farinosa KCTC27412¢0] HIS| KCTC27753 w57 F-4=¢F
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7S LRSI, A sA] 28HE0] 1.3%2 71 viz]ofAs T 242 KCTC27753 w52 A3l 214
Q1 Zjol7F L] Qg oLt, 1.6% = H7Fe vl R]of| A= KCTC27753 2] Ad4o] a0 2 <=5}t

SAHAPPE 7 HE! BHRUHC| A, farinosa BF-S2| Of|ERS AL
Hrg AsfiA] &gtoo] 1.6%2 H7He YEPD i[O, P. farinosa KCTC27753 w52 2L W5-52] Lt
At dA I 9 ofleE AEAS S AT (Fig. 3).
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Fig. 3. Profiles of cell growth (A), glucose consumption (B), and ethanol production (C) by 2. farinosa strains aerobically
grown in YEPD medium containing 1.6% inhibitor cocktail. KCTC27412 (@), CBS7064 (W), and KCTC27753 (A). Means
and standard errors from three independent cultures are shown.

P. farinosa KCTC27753 w57} 2t A78190S w2 70A] F 60A17F0191 0 7, 8.33 +0.59 2] A EEH
Z Uehfiglom, oj= th3T T3] KCTC27412 w50l H13] oF 1.44]] 7}12F 953t 2520 1th(Fig. 3A). T 7
A B 60A1710] AukslAL w|, 270 H7hH 20 g0] Ergo] BE _/EEQ 11.8.54+0.51 g9 offgk&o] /=] o]
OF 429,9] ok AAIS-S LIERHQL O B, o]2fah Aah= oF 18.6 g0 TS 41510 6.78 +0.51 g0] 22
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AP/d5ted, ©F 36%9] oflehE A4kr-a-& UEPH KCTC27412 w0l H]of oF 1.28) 7Fg 2 2 0 = Ueludti(Fig.
3B, C). P. farinosa CBS7064 w7-2] 73-¢- "L a2 oliA17} 7 He 14| 9 A 2| of| 4] A o] 44 R e 41,
gk AAto] LFERER] ¢EgF=TH, o]+ phenolic compound, weak acid Al G 2] Aal|AI7} A1 2] 8-S 2JA61537]
TRl Ao 2 ALz

Hio| Qw4 0] A 25 -FalA AAE DaAHAIE AAHAL HAA]717] f1sl], Fol& meghfolu, oy,
27 foA| o] AR&EItH(Koppram, 2012). Z12{u o] 2|3 S daof| T @ ot ehA- o] o AR A A= Hio]
QoflehE &S AAA7 = A0S 2§ Larsson, 1999). o217t FAIRE sl Est7] flste] #lZell=ga
iAol thet v/ o] =5t nAE-2 2]k U(Zh, 2012) AR A4 AP (Koppram et al., 2012)& 55t BF
o] oflghE it do] Sprt mAEL] Ao WS SN 52 A7 AR Qiet

wbA] 7)ol HArEl w5eof Hlsf|, 112 Bl Z{sfiA|of] o] 9=t AR Q1 P. farinosa KCTC27753- 7125
=& ARt HIo| QofjekE AT Aol A8 7Hs o] =2 R AlmE

0]

o
=

P. farinosa KCTC27753152] ira 25 of| tigh HW% SRRISHAT. P. farinosa KCTC27753-2 5.0 =5 H
Halg f#520]H, 46°C, pH 32 710l|A] A&o] 7Fsat AEFIA WA #2th KCTC27753752] ' AlsiA o] thst
U2 &}lst7] Qlsl, furfural, phenolic compound, weak acid2t -2 G A o[jA|7} 347 Fel vij2| 5 AR&-Sto] 4|2
A7 Al of ek RALAS- SHISIILE. P. farinosa KCTC27753 W= 2741 P. farinosa KCTC27412, CBS7064

|

e

=
T

i

H|5}o] HMF, vanillin, 2 phenolic compound”} 371 HHZ] A ot F A S UFEF AT W A5

)

loll Z¢k=0] 1.6% A7Fe WO A P. farinosa KCTC27753 w5220 g O 2 HE 854 £ 0.51 g/L2] o
haS AAtoto] Am gk LT TjH] oF 429 9] o2 AAr-a-S LFERTE
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