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Isolation of Ethanol-producing Thermotolerant Yeast Hanseniaspora opuntiae from Senecio cruentus
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The MBY/L6793 strain showing the highest ethanol yield of 0.48 + 0.00 g ethanol/ g glucose was isolated from
Senecio cruentus. Its ethanol yield was approximately 1.5 times that of the MBY/L6986 isolated from
Callistephus chinensis. The strain was identified as Hanseniaspora opuntiae by sequence analysis of the
18S rRNA gene, and the sequenced gene was registered to the GenBank (MN859968). When grown at 40C,
the strain produced 3.82 £ 0.98 g ethanol from 20 g glucose and 10.05 £ 0.06 g ethanol from 60 g glucose, cor-
responding to approximately 2.45 and 5.74 times, respectively, compared to the control strain H. opuntiae
KCCM50747. The MBY/L6793 strain was deposited to KCTC (Korean Collection for Type Culture) as

KCTC37025.
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A, vhol Qo &5 AYAtst=t At += WEA, WA
A3, odEE WA TY S48 2= Zo] v sttt 8).
AA7A B, U AE, HE B, FAE 287 5=
B2 T Radezie 4oy ARt gaEge
[9-11], €29 2HA G o2 FE 44T A 4.0%9
B2 A= Issatchenkia orientalis [12], +E L 25
44 C oA X8-0] 7}53t Pichia farinosa [13] 45 S5°] &
2 H v} ok WA o] &3 Kluyveromyces marxianus
w5 g YA D A g Aol 4%
Saccharomcyces cerevisiae #+35 §¢3= 5 FAITIE

& 340 AT FHE A7) 9% A7k wusgc

[14].
thope Helgozne Held Way Ent 40T o4
o uold gadel 5 2 e

El , FEANA ol WE
ofehg A S Hohe AT AT E0] B v gTHe-
11]. Choudhary F[9]ol w=wW HoezRy Zdd9
Saccharomyces cerevisiae JR6 T3+ cellobiose2} xylose
£ AR = B9 oy, furfural®}t 5-hydroxymethyl
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furfural?t 22 Ta A4 o] St AX et B
HoA 40C o2 wiFetAS o 3.8 g9 oTr&S AY4tst
of Hfo] e o &t gAtstr] 9t +FE AL E Aot Kang
S[14]0) 2H HEA o] 3t Kluyveromyces marxianus
w9 g A D AsA o] gt Aol 4%
Saccharomcyces cerevisiae @55 §335}9] Hio] 2o et
S0l A WEAGo] o7k /g vt .

Hanseniaspora opuntiae 45+ 39T 4 B3
o] op A 3tol| A B = o m[15], Vibrio splendidus 78
of gt HAAdH WS S7H171= A2 BAE]{rH16].
Baek G[17] YAAZOZHE NFE9 2= 9 ot
0] T wA A BE7HEE H. opuntice #5375 22
sF3ith

E Ao A= AlY|Ete]oF(Senecio cruentus) 22 EE
2|3 H. opuntiae @59 & BAEAAT WEALS B
etsict.

FHE SHA A AT 659 FoRRE ARE £
317] Y3t AR 1 mlZ 9 mlo] HES| AEste] A &
T2 343 &, chloramphenicol (100 mg/l, Sigma-Aldrich,
USA)o] d7}e YEPD (yeast extract 10 g/l, peptone 20 g/l,
glucose 20 g/l, BD Diagnostic, USA) H& 8| x| o] =23}
o} =g H WA= 30Ol A 4817 H4F wi et
UL gHsHgT

ofgh-g Ao %t AR E AWEY] Yate] ddy
25 YEPD 7| o] HEsto] 30ToA 1247t Fet v st
o v FHS AR (5,000 xg, 2 min)ste] #AE 3|4
%, det FRTE 33 AlFSH 10% (wiv) ZEFo]
7+&l 100 m19] YEPD B x| o] A 3Z &3 %= (0Dggo)7} 1.00]
HeE YEFSAT M=% 30T A 200 rpm Q] Wk
=2 48A17F T iRt 3, M A S It 22
fetE =& S5t

AErE o+ YEPD HjA] o] HE3to] 30T A 200 rpm
o WHtEE R 247 FF et & HMA FHARE F
Z3FTH13]. Zato]H ITS1 (5-TCCGTAGGTGAACCTGCGC-
3)7} ITS4 (5-TCCTCCGCTTATTGATATGC-8) [18]E A}
£3to] 18s rRNA 44 G HE SE3 & G748 &
A3}ttt Blast (https:/blast.ncbi.nlm.nih.gov/Blast.cgi)S
AHgSte] R G7IA T EHo HE F59 H71A
o] AEAde Blasty] 475 AU AT v4
2 MEGAT (7.0.26, MEGA software, USA) [19] Z 2 1
9] o] 2 A5 (neighbor-joining method) [20]& AME-3}¢d
A5 Ao gt #39 @Y A A2 APT
20C AUX kit (BioMérieux, France)S AR5t ZASIATH

9] o eE AT WEAS BHeH] skl ©d A
2+& YEPD wiA|o] FE3te] 30T oA viFst &, AR
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Fig. 1. Yeast isolates from flowers with high ethanol produc-
tion yield (O0) and production (m). Glucose (100 g/l glucose)
was used as a carbon source, and shake flasks cultures (100 ml)
were grown at 30 C for 48 h. Averages and standard errors from
three independent cultures are shown. Different letters indicate
a significant difference between averages.

2 39 48 TAL BT 2R42 33 AHsjo] BET
o] 2% 4 6% FE=2 H7}E YEPD vjA| o] AZ FF=7}
1.00] HE2 %53 300 @ 404 HoFSHL

2 9 e %= Rezex ROA-Organic Acid HY
(Phenomenex, USA) A1 ZHE 7 Z7|(Shimadzu,
Japan)”7} Z2H&E High Performance Liquid Chromatography
(Shimadzu)E ©]&3te 243519t o]5A 02 4] 0.005 N
9] AL M (H,S0,)S 0.6 ml/min®] F£02 THFO
o, AP 2EE= 65T E AT & S 2 33 o4
HHE Sl 0™, SPSS Statistics (v22, IBM, USA)E 0| &3}
o] Duncan®] th5H 9] AR [21]e2 F94S AAsI

FHE 2H-oA % Fo2RE 16079 ARE &
skelth 2ol 10% T=2 H7HE YEPD WA & AHE-s}
of 30T oAl 48A17F ¢ Bl o= o, e AArgt
F&ol $% TS Aty oes Bt e AL
TH(Fig. 1). Adt2|o} FolA £2|3F MBY/L6793 5=
0.48 £ 0.00 g ethanol/g glucoseZ 7} =2 gk AJAF
&3 JeWth BZE(Callistephus chinensis)ol| A £33t
MBY/L6986 45+ 0.33 £ 0.02 g ethanol/g glucoseZ At
o g 7h W AL &S YEbdlth. MBY/L6793 &5
o] ofehg A L 47.70+0.22 g/lE MBY/L6986 #3
Wt o 1479 g 7 hebitet,

Goshima 5[22]9] Ao W™ 2% Zr=o] A7t
YEPDu| R | A 24A]17F S¢F kst HAL S, cerevisiae
BY4743 #F+= 0.46£0.00 g ethanol/g glucose [22], K.
marxianus NBRC1777 &3+ 0.44+0.00 g ethanol/g
glucose [22]9] ogr& A4t &5 Uetlo] Avete]or £
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Fig. 2. Phylogenetic tree constructed using the neighbor-joining method [20]. The GenBank accession numbers are shown in

parentheses.

oA £a]g MBY/6793 #59] ofge
o 94w oz waE,
MBY/L6793 #32] 18S rRNA §34219] §714F-g B4
ste] FASAT. MBY/L6793 w3+ Hanseniaspora
opuntiae (MF940136) 439 100% Y AEAHE YEW L
o, BXE g7] 8L GenBankol] 5EMN859968)3} 1L
Hanseniaspora opuntiae MBY/L67932.2 WA TH

Ak 5go] AT

Table 1. Characteristics of carbohydrate utilization by H.
opuntiae KCCM50747 and H. opuntiae MBY/L6793.

H. opuntiae  H. opuntiae MBY/
KCCM50747 L6793

Control - -

Characteristics

Glucose + +
Glycerol - -
2-Keto-p-Gluconate + +
L-Arabitol - -
D-Xylose - -
Adonitol - -
Xylitol - -
p-Galactose - -
Inositol - -
p-Sorbitol - -
a-Methyl-p-glucoside - -
N-Acetyl-glucosamine - -
D Cellobiose
p-Lactose - -
p-Maltose - -
p-Saccharose - -
p-Trehalose - -
p-Melezitose - -
p-Raffinose - -

+, positive; -, negative.

(Fig. 2).
H. opuntiae +F+= %'é ‘a"E FARE S ORI EH15]9 9
e a0 05 BEye Bas Bes Sas

Qlt}. Luan 5[24]¢ ‘?_4_—7-01]/\1 H. opuntLaeQ} S. cerevisiae
£ AHgsto] 1S A=SHS W, S. cerevisiae Y #F
£ AMEE A ET bget I ES AAske ez Y
1237e=

H. opuntiage MBY/L6793 #5¢ 212 A3 O
opuntiae KCCM50747 439 &35 A EAA L XA
g A3K(Table 1), & #5 BF Z=9, 2-AE-p-2FZ4,
A28 9 2E tjA}ste] H. opuntiae KCCM50747 -,_i-—,—gl-?—]
90l Aol Liehbr] gt

H. opuntiade MBY/L6793 #52] oflgeh-2 A EAI g

<= B7tst7] 9ste] 2%t 6% Zr=o] H7HE YEPD
RS ARESEe] 30T E 40CollA] Bttt (Fig. 3, Table
2). 23 #F<2 H. opuntiae KCCM50747 £+ MBY/
L6793 = 30T oA frARE &9 olets A w29
&2 YO, 40T A= ek A Y Aol & &
Uit H. opuntiae KCCM50747 #5+= 20 g9 T
71t v Aol A 1.56 £0.10 g9 &< AAstH o,
60 g9 LS H7Ig WA A= 1.75+0.25 g e
& QYAELgTH ¥ H. opuntice MBY/L6793 43 = 7474
3.82£0.98 g/l, 10.05 £ 0.06 g/12] fer2-S AASIe o=
ol H. opuntiae KCTC5709 o-F Xt} 9F 2.458] ¥ 5. 74HH

¢k e A FEE UEllth =TS 60 g H7Fe
vj R o) A H. opuntice MBY/L6793 #52] o8& AJAL &
w9l Ago ;Pﬂ 0.63+0.00 g/lh, 0.37+0.01 glg >3 T
27 FREG S5T YA 2 olE AEL e,
H. opuntiae MBY/L6793 3= AFAEYAE
KCTC370252 7|€s}sith.

B a7E Boo] Adcl Zomre Rew A
opuntiae MBY/L6798 259 &4 2 ofehe 4]
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Fig. 3. Profiles of growth, glucose consumption, and ethanol production by H. opuntiae KCCM50747 (open) and MBY/L6793
(closed) grown in 2% glucose (circle) and 6% glucose (quadrangle). Shake flasks cultures were grown at 30 C and 40 C. Averages
and standard errors from three independent cultures are shown.

Table 2. Effects of temperature on the growth and ethanol production by H. opuntiae KCCM50747 and H. opuntiae MBY/L6793.

20 25

15 20 25
Time (h)

Temp:erature Glucose H. opuhtiae Cell growth Ethar?ol Ethanol production 9 eE:\:?mr:I)/lgylgeI:icose

(C) (%) strain (ODe¢o0) concentration (g/l) rate (g/I-h) consumed)

30 2 KCCM50747 13.60+ 0.33 8.91+0.15 1.11+0.02 0.46+ 0.00

MBY/L6793 16.13+0.74 8.31+0.31 0.69+ 0.01 0.45+ 0.00

6 KCCM50747 18.60+ 0.40 26.69+ 0.41 3.34+0.05 0.43+0.00

MBY/L6793 22.00+0.75 27.93+0.31 349+ 0.04 0.46+ 0.01

40 2 KCCM50747 2.72+£0.10 1.56+0.10 0.20+ 0.01 0.27 +0.00

MBY/L6793 3.01+0.09 3.82+0.98 0.48+0.12 0.30+ 0.06

6 KCCM50747 2.60+0.10 1.75+0.25 0.11+0.02 0.22+0.05

MBY/L6793 448+0.17 10.05 + 0.06 0.63+0.00 0.37+0.01

http://dx.doi.org/10.4014/mbl.2003.03003
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2 #F3F9 H. opuntiae KCCM50747 #39} v]m o] A¢
fHo g L3t AL FRlstEon, FAZE Ya 5 4HY
A &gg 93t /A7 2o o R wdE

ekt Zo2RE Eed 16089 AR #5 F Al
go} ZoA Ea]E MBY/L67932 0.48 £ 0.00 g ethanol/g
glucose &2 E2|H #F F 7H 53 gt P4 &
< Yty on, s-Eo 25 FE|d MBY/L6986 @52 oF
1.54) $=Zo|gith. MBY/L6793 #32] 18s rRNA {2 %}9)
A7 LS BA35F A1} Hanseniaspora opuntiae® X =
gdon, BXE 9714 9L GenBank (MN859968)0 5=
St 40T oA vt A-E W, H. opuntiae MBY/L6793
FL 90 g9 TEPORHE 3824098 g0 Er2S A
15lgom, 60g0] TEF O ZHE 10.05 +0.06 g0 e
S AAFStY |2 452 H. opuntiae KCCMb50747 o5
9] oF 24549} 5.74v) 40|ttt H. opuntiae MBY/
L6793 3L A EY A E o] KCTC370252 7| eHs}
i
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