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1.2 #BEHFRE
1.2.1 EAEkZRL

Wi 20 g, FERRRR 10g, HEEMR20 g, [
REEFREL M B G K 20 g, ZRIKE RS 1L, 115C
KB 15 min.

1.2.2 KB4k

T2 W O R B R IRk . AT 50~150 g,
WERERY 3g, AN Sg JRE 02g BEREA 4
0.1g, ZWKERS 1L, pH 18 5.5, 115CKH
15 min.,

T ol KRR R B R R0 WERRRY 3 /L, R
s 5 g/L, JRE 0.2g/L, WMRA 4% 0.1 g/L,
TKAEFF KW 1L, pH fH 5.5, 115C KK
15 min.,

TFORFEFF AR ) 45 = FREOMTIE RS 10 H 1K
FKAEFF 15 g BT 300 mL =fAirh, sy
Bl 1% MR 120 mL OFEAfitb=1:8) , #i
PEYAIIET 121°C AL EE 60 min. ¥4Z14 =i )5
10 mol/L NaOH 1 pH {64 4.8, & v TR IN£T
AR W 10 U (JE4RERYE, filter paper activity, FPA) |

HPEE 200 U, T 48°C, 120 r/min R /KM, %
12 h AN TRALEE 5 K BERE T8 5 g0 35 4 1R,
AFAN 2 VRTRFFI NN 1 VR, 45 AOBEAE Jia AR 1K
TSFLgE, B L ARBHMLIGREAT R, 15 B KRFEFFK
A o
1.3 EMEE

AR S HCSCHRI8]. [9].

RAKEWIT: DNA $EEUT V3R Ry & )i/
VS, HARTDT 1S OCHER[10] . 18S tDNA 5[4
HEWwAETAEY TEAAAGK. LY
5-GATVVTGCCAGTAGTCATAT G-3'; N5 |4:
5'-GCGCGTTCTTCATCGATGC-3'.PCR W AK A :
10xReaction Buffer 5.0 pL, dNTPs (10 mmol/L)
1.OuL, EMS (10 pmol/L) 2.0 uL, 5[4
(10 pmol/L) 2.0 uL, Taq A (5 UML) 0.5 pL,
FiAR DNA 1.5 uL, #Min4tizk %2 50 pL. PCR 4731
A% :94°C 5 min; 94°C 30s, 52.8°C 45, 72°C 50 s,
30 MIEFR; 72°C 10 min. Taq 284 B K
AR A R A A .

T IR I B VKA I PCR 3 34 74 Fr B K 2
i, 2% AT AN TRAFNF, WS
JFHIA GenBank H3RAS 2 LU B AR O AH N FE [P
HIHEAT EEXE 53 HT
1.4 ZEEAE:

BTG K HN-1 s PR 2 R R 7R,
38°CHiF% 48h Ja, WU 3 MRHIVELE I R 3eA
50 mL B ARTE AL ES 7R 250 mL = A, 38°C.

180 r/min $&/KK: 5% 10 ho

LA RER I 300 mL = A o 0 o 7 25
Wi W R B IR KR, R B8 10%
FE P N TS B IR A W BB U, SR
TN 240 mL, BUEG BVAH UL T B E R IRE
BF 12 h HUFE WU o AR A0 T i LW 2
B R

[ B AN R Gy AP 2B 1 Fh A ECRNRE
P I U b R IR Ol 45 g/, TR I 24. 48,
72 F196 h 43 %N 0 20 g/L A A5 BEAT £ R 1 s
552 B Al ECRNEL R R BTG B EE A 55 ¢/L, 43
WILERE 36 72 F1 108 h #MhH 20 g/L i Z ¥ HEAT £
PR W o MIUGEEME N 210 mL, oAl & B2 44 [F)
LR T
1.5 MEFZE
.51 ER@eTRenz

HUR % 2 mL, 9 000 r/min 2.0 10 min, A
8 BARE I o e 25 0 B VR I, A v H T
43410 0.85% NaCl /Kt 2 IRJG EBTF, M
THIE 660 nm ARWROGAE, FI WA B 40 g
T-EFRAERNZE (y=1.4938%x+0.0098, R’=0.9993) #k
20 T
1.5.2  BERE SR 69 2

HUR R S 1) R TR 538 36 2 iR &, F I
BRUF OB A v Al M SvE 4 B H YR e L
Wl=35 A Mg (R4 - PE4n iR ED -

1.5.3 CEEAHHME. AEREHNZ

LR A FHAORE (35 A% ( Agilent technologies
7890A GC System) HEATMIE, fAiifl: DB-FFAP
(30 mx0.32 mmx1 pm) ; £ll#s: FID (250°C) ;
HEFEIRJE: 200°C; HE: 60°C; &/<: 25 mL/min;
A A: 40 mL/min; Z5.: 45 mL/min.

T2 RH AR (R4 B i SR P68 e AV AH
il (Diodex) HEATME, FMl#AE: RI101 7m 247
Jt (Shodex) Fll#s; (Ai4E: Xbridge Amide 3.5
(4.6 mmx250 mm, Waters) ; izhAH: V zm:V x=8:2,
JiE: 0.8 mL/min, FEiE: 35°C.

1.5.4 #EAT

IR EHE 454 DPS v7.05 BT AR R ST B
EHZESET, Hh, COREFE SER/ALR LR
HEAXUR:

Lmpese_ SR MIRCIRE
U T R A S B A 2 B R P
i%/ﬂiﬁwz&%ﬁ

A 0.511 4 1 g WA O~ 5.

x100%
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2.1 HMEE

HN-1 R AR TG B 72 3L 28°C R % 48 h
Ja, Al EMERTE, KN (3~5) pmx (5~8) pum.
PR R IR AT TR AR |, 28°CH53% 48 h,
By NFLAM, HE4cem, PRIGE, REWIEKL
w22 BIEAVH G DL, % B PR T LUR) FH A
ZREFD D-FRE AT R, BASRER FIACRE . REHE
2 (R 1) o HN-1 W R LR 4] DNA $2HUR1 PCR
P48, 1921 18S rDNA 43 J& K 7 41, 5 1 & HN-I
KAl RS LR AR 18S rDNA 341 347 LL X,
HN-1 Btk 5 L orientalis 264 5% R i, JF4)
A Y5 ik 99%, A UMb Ks HN-1 B AR R L
orientalis.
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Table 1 Carbon utilization of strain HN-1
Carbon source Result Carbon source Result
IS P 0 - Rk
Gkl + AT E R
Db + Frtem
A - TEHIR
B - ZE
SLH - i
D--FL bk IR
HERE - 1L AL
D-H & D-£F 4k —
e NBTE, B,
Note: -, Negative; +, Positive.
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2.2 KREHFMEMR
2.2.1 BEsTUBR BN

35. 38, 42 fil 45°C 4 MEJEEE KBRS R0
Kl 1 RIER 2 Proe MBS N 35 8% 38°CHY, I
PR RV E DR AE Y, AT IR A .
RN 42 B 45°CHf, B KRR Y 5
WE TR, BEE KB TR R, RAARSET IS
BE Te 1d) o EH] 40°CLL LM EERAR T
PRI MG AR . 4 DNRBEEE TS, &
BP0 )k 21,43 23.12. 22.84 Fl122.89 g/L (K]
b, X 2) , 4lEREm"BEERALE, HEE
RIS (R T vy 4 50 B ) FH T 2 A A s 2
e (B 1a, %2) , LEERER 4R, 55T
R 60, 60, 48 Fl136 h ik#fm (B 1b) o ¥t
BHU R TR AR AT R0 R s Aok, iR, LI
AR AR, RIS R, 38°CIY, LR S i
T H Y B = T 40°C A B M AR BUEAE ], R
I 38°C A i ARG ) A Il 2
2.2.2 bR BREIREST LB AR R)

HN-1 B B A AN [R) R 55 4 26 B DS 400 1= A &
P P TR AR AR L 2 B Y FE RN I AR I 1O DL P
2 FER 3. 4 MIRFERRE S, WK E, B
EWIUERER B e, R, W4 4
PHAE A 120 g/L I Z0BEA Jade o . 4 26 4 )
TR T GWE = 33 08 B dge v, DRI R i R R
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Fig.1

Effect of fermentation temperature on glucose consumption, ethanol production, cell growth and percentage of viable cells of

strain HN-1 during ethanol fermentation
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Table 2 Data analysis of strain HN-1 with different fermentation temperature
biY;3 24h AR R A 24h HZHEF H 2 VA S L= S A AL 9%

Temperature/ Ethanol productivity before Glucose utilization rate Ethanol Ethanol Re;ﬁiﬁi:&ﬁ“{i /%

C 24h/(g L0 before 24h/(g'L " h™) production/(g'L™") yield/(g-g") y 0

35 0.31+0.03 cB 0.68+0.06 cC 21.43+1.84 aA 0.469 91.8

38 0.54+0.03 bA 1.04+0.01 bBC 23.12+0.35 aA 0.504 98.6

42 0.63+0.03 abA 1.22+0.08 bB 22.84+0.43 aA 0.495 96.9

45 0.654+0.08 aA 1.70+0.08 aA 22.89+1.52 aA 0.497 97.3

F: ARNEFEEL RIS 5% RE KV, ARG FERERRZERIE 1% B E K, FR.
Note: Different small letters are significantly different at P<<0.05, different capital letters are significantly different at P<<0.01, the same as below.
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Fig.2 Effect of different glucose concentration on glucose consumption, ethanol production and cell growth of strain HN-1
R3 TRVEAEERET HN-1 ERCERESY
Table 3 Data analysis of strain HN-1 with different glucose concentration
T 25 W R B AT i LWErT LR R AR % 2 SR/ B S AL %
Glucose Dry cell Ethanol Ethanol . . .
. . . A Glucose utilization Ethanol yield Real/theoretical
concentration/ concentration/ production/ productivity/ te/( ~L'l*h'l) e _1) eld/%
(L) (L) (L™ (L e £e e
60 1.91+0.04 28.77+0.25 0.38+0.06 aA 0.83+0.02 bB 0.457+0.07 aA 89.4
90 2.10+0.10 43.21+0.54 0.39+0.07 aA 0.83+0.03 bB 0.468+0.09 aA 91.6
120 2.15+0.01 58.19+1.05 0.48+0.02 aA 1.02+0.06 aA 0.460+0.02 aA 90.0
150 1.84+0.05 59.53+2.43 0.40+0.07 aA 0.93+0.07 abAB 0.386+0.02 aA 75.6
2.3 SHLRMBEREN ZEA B JRBEFRE A E AR B o 2 AR AT

PR BELE 100 g/L A2A7, 2 Pk 7 2UF
) BRI IN A T REA T LRI, DALERZR AR HN-1

R, LEERIFE S50 44.59 1 46.0 g/L, LFEre
NN 0.418 Fl 0.455 g/g (£ 4) , KTAEEEN

BIPE QIR TR0 o 25 R, 550 R AT L, LRI, AR RN A AN TE F T 2 07 BRI
FVEVR R A B A (] 3D, KEELER RE SRERIE.
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CagbE4%
a. Adding glucose four times

12 24 36 48 60 72 84 96 108120132144
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b AMRE3IK )
b. Adding glucose three times

TE: Kla: WIUAHIATHE 45 /L, % 24, 48, 72 7196 h 735NN 20 /L A% 1 b: WIAEIZAGHE 55 ¢/L, Al 36, 72 A1 108 h 7rl4 N 20 /L HT4THE .
Note: Fig.a: Initial glucose 45 g/L, 20 g/L glucose added at 24, 48, 72, 96 h respectively; Fig.b: Initial glucose 55 g/L, 20 g/L glucose added at 36, 72,108 h respectively.
B 3 HN-1 Bk #uihig LB L B
Fig.3 Ethanol fermentation of strain HN-1 with fed batch cultivation
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Table 4 Data analysis of strain HN-1 by fed batch cultivation
HEFT 50 ISy BB L s LB PR AR
Feeding mode Total glucose/(gL™) Residual glucose/(g'L™) Ethanol production/(g'L™") Ethanol yield/(g:g") Real /theoretical yield/%
a 104.17+0.08 9.84+0.63 44.59+0.07 0.418 81.7
b 99.75+0.18 3.01+0.15 46.04+0.01 0.455 89.0

W oar WIRTIZTNE 45 g/L, K24, 48, 72 F196 h 73 4NN 20 /L B4 0 : b: WIGEAIHE 55 g/L, KB 36, 72 Fll 108 h 4354 20 g/L Hi%6E o
Note: a: Initial glucose 45 g/L, 20 g/L glucose added at 24, 48, 72, 96 h respectively; b: Initial glucose 55 g/L, 20 g/L glucose added at 36, 72, 108 h

respectively.

2.4 FAYEKERIELEE

SR FH o B LAk B R 7K Ao 1) 7 1 % £ 4K
PRV, L P ) G 7 2 RN ACHE 14 R R 4 )k
43.08 F 27.13 g/L.HN-1 WARTEKEE 36 h Ji SHEH
FEfern h 2074 g/L (B 4) o KRR v e Ze
FEWI S, (HIEAARIIAHE, L5684 t w0 bl e
G2, LEEPF N 0.468 g/g, NFBHALFM
91.6%, LA HGg#IL 0.56 g/(L-h).
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Fig.4 Ethanol fermentation of strain HN-1with corn straw
hydrolysate
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PR BER A O T 221K OER ), AR T
WA AR T 2 N, RS bR N I R, &
i T I v 2 P L 55 V) P R AT A 7 R I ), A
I, 1B B e HL A PR e i )RR R ARG T Tl
AP R T R o AR ORI 56 3 43 125 3 g A 1)
PRERERR HN-1 BRRREAT T 58 8 I GRE R BERF PR (1) 4)
W, SRR, ZE RN R T O R
(Issatchenkia orientalis) , 7F 35~45°C 24 R 411
REEPERE, HBEAE KRl B IO =y BRI e,
RIPEIN TA) A 2, AH il AN T B A AR A R 12 1)
Fro 455 5k R I Rm R I 9% 45 AR AL
A J, AT LA I ) SO PR RE R L IR AR TR AR A
M m AR, AR AREEE R &
[LEaS [P 7 S

TEAYE QR =R, 2818 T 2 ReFEm N,
RBEREN 60%~70%"7, 32 7F25 T ASPEN 4
PRSI T LR P 25 TR REFE 5, 45 2R

FW, QTR EEILR] 5.7%0, ZRIBEERERAG, &
WD FNRRAIE AT LBERE . BES L, 1 g H%
BEATLARAT 0.511 g 21, BB, 24K
BRI PR 2%~17.5%" 1500y b ] DU T v i
B R W AR £ Y B P2 A I R R B 2 —
BN R B TR A R 150 /L B, FERER
(2R RIAR PR 2 52 B, A SO S Bk,
Y AR SRR B 120 /L I, AR5 HEEIERE 20
REEPERE KT, H 3L 5 ARk ORI 1 s R
B R AR e A EL T 40U 2%, HIN-1 7ESzf s o,
AT DA F v e P 2T A K AR RIAT L T () I) 3
G KB TR AR X I R TR PR BB 5, T8 31 B4
A HURZE B A I H ), SRS R e A
PR RERERMTT Y, SRIG AT A B Rl ot o

TRALBE K K Al ik R AL K R S A LR (L
TR CRAVDEM OBENIRS) .
RS . BFEETR . COBERRAIDT B RS S AT b
SR, G A K AR BT R T . STk
RIE, A7 EEREXT £F 4 K g b i R B4
FLAT 5 R 32 MR B 2R ), 1597 80 h, AR
D7 P EEEEREXS TSR 4 000 mg/L. BEBS 400 mg/L. &
FE 90 mg/L. SRR IR 40 mg/L. [ BE IR
100 mg/L AU EIAE) 30 mg/L (¥ A% AT LIk 5]
100%. 100%. 100%. 14.3%. 65.8%. 78.6%"".
Kwon Z5PWEo 60, BERE. F2 F SRR X 4y f
I P BE LI R T 7 A S W RIS AR R P 43 0k 5.56
M7.81 /L, 2y T /K A v B BE CREE 1
0.153 g/L. FRHILMEEE N 0.215 /L) o HN-1 HkE
A J& 2 7 e By, HoAr 85 RIS S 0
B IR S AR, %R A TR 4T 4 2K AR
WA EEA T A 2 8 ) M kP

LY KR R 2 LT A BRI R 32,
AT et 707 KW, T LABR 7 25% (1) LIy &,
HN-1 XARELFIA, XK IIHIL T AL % 2
B T2 N A% 48 1 TR B A U T o £ 3T
IR 52 6 5 77 T R A, 1T BAS RE R FHAR
TR B, o) T s O R IR A AN K I B
3RO, A SRR BARACREAC R R R A%, TS
R, ETRUHRA LA ER s BRI 2 T8
(A, ER AL R ) RIB K P I AN R, BAROR
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B AR v R) 7= ) 1R AR R A 2 5 ) e ZAR G P 0 1
TP, Rk, UMY Bt AT DAREA TR R & R
P, DA K b R o . A DOy
DL R A 25 B S I 16 S, cerevisiae F1RJ LA
FRUAKE > 21 P, stipitis 418 E S WHHATIES
Rig%, COWEFRZN 043 g/g, iEFIPHBAEIK 85.1%,
. RIECRRE .

4 5 g

1 I A H AR AR S f 18S tDNA 34143 #7
ffi e HN-1 WK AR5 g IRk, mT LA A 7 %5 b
FILGHE

2) ZOTREEEERE HN-1 44 A K A ad@ e s A
38°C, LWERBEMAIEHREEE N 38~45C, B
HRBER LT &, CREAE RN, K FE I A
ik EBLAME FREE 45 g/ MiZHE, L85
H22.84~23.12 g/L, EFIRHEA KL 96.9%~
98.6%-

3) 7 HEEEERE HN-1 38°C 0 A 18 1) 5t 335
R 120 g/L, BRI AEEFA RN 58.19 g/L,
LIEPEH Ny 0.460 g/g, RS HALERI 90.0%.

4) I EEIERE HN-1 K85 KRS FF K R
CBEFE RN 20.74 g/L, LEEF=HN 0.468 g/g, ik
IR ERS AL 1) 91.6%.
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Ethanol fermentation characteristics of thermotolerant Issatchenkia
orientalis

Wang Fengqin, Wang Yuanyuan, Tao Xi, Zhang Rui, Xie Hui, Song Andong”™
(Key Laboratory of Enzyme Engineering of Agricultural Microbiology, Ministry of Agriculture, College of Life Science, Henan
Agricultural University, Zhengzhou 450002, China)

Abstract: As a renewable and clean energy, bio-ethanol has been received widespread attention in recent years.
Ethanol fermentation at high temperature can reduce the consumption of cooling water and energy in the process
of fermentation, it also solve the problems caused by saccharification and uncontrolled fermentation temperature,
resulting in the simultaneous saccharification and fermentation of cellulosic ethanol. Therefore, the fermentation
period can be shorten and the production cost be reduced. A thermotolerant yeast strain HN-1 isolated from rotting
tobacco leaves was identified and its ethanol fermentation characteristics was investigated in this study. The
phylogenetic analysis indicated that phylogenetic strain HN-1 behaved like Issatchenkia orientalis. This strain
useed glucose and D-fructose but could not use xylose, maltose, lactose, sucrose, starch and cellobiose as sole
carbon source to produce ethanol. When HN-1 was cultivated in 50 g/L glucose liquid medium, the highest
biomass was obtained at 35 and 38°C. Increasing the cultivation temperature to 42 and 45°C decreased the
biomass growth and intensified the cell death. There was no major difference between ethanol productions
(21.43~23.12 g/L) fermented at 35~45°C from 50 g/L glucose. When increasing the fermentation temperature, the
ethanol productivity was increased from 0.31 g/(L-h) at 35°C to 0.65 g/(L-h) at 45°C after 24h fermentation. The
fermentation time was shortened. When the fermentation was conducted at 38°C, 28.77, 43.21, 58.19 and
59.53 g/L ethanol were produced from 60, 90, 120 and 150 g/L glucose with yields of 0.457, 0.468, 0.460 and
0.386 g/g and productivities of 0.38, 0.39, 0.48 and 0.40 g/(L-h) The results also indicated that fed batch
fermentation could not enhance the ethanol production. Strain HN-1 could utilize corn straw hydrolysate with
43.08 g/L glucose and 27.13 g/L xylose to produce 20.74 g/L ethanol. The glucose conversion rate was 0.468 g/g,
which was 91.6% of the theoretical yield. Noxylose was utilized during the fermentation. This research provides a
valuable thermotolerant strain. It is expected that it will be beneficial for industrialized production of bio-ethanol
with high temperature fermentation.

Key words: fermentation; straw; ethanol; strain identification; Issatchenkia orientalis
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