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Direct Ethanol Production from Starch Substrate by Polyploid Recombinant Yeast Secreting both
a-Amylase and Glucoamylase. Sun-Young Park, Min-Soo Kim and Keun Kim. Center for Genetic Engineering
Research, The University of Suwon, Suwon 445-743 Korea — To improve the fermentation characteristics
of the haploid starch-fermenting recombinant yeast strain K114/YIpMSAR(LEU2/URA3) secreting both a-amy-
lase and glucoamylase was rare-mated with polyploid industrial yeast Saccharomyces sp. K35. The K35 strain
had good fermentation-characteristics such as ethanol-tolerance, high temperature and sugar-tolerance, and
high fermentation rate. Among the resulting 66 hybrids, the best strain RH51 was selected. The RH51 exhibited
amylolytic activity of K114/YIpMSAR(LEUZ2/URA3) as well as ethanol and sugar tolerance of K35. The optimum
temperature of hybrid RH51 for starch fermentation was 34C which was same as that of K35 but different
from that (30C) of K114/YIpMSAR(LEU2/URA3). The optimum pH was 5.0. The optimum size of inoculum
was 2% as the pellet (w/v) of yeast cells. The hybrid strain RH51 produced 7.0% ethanol (w/v) from 20%
(w/v) soluble starch while K35 formed almost no ethanol, 0.3% {(w/v). RH51 strain produced 7.5% (w/v) ethanol
after 8 days in a 2.5 / fermenter containing 800 m/ of 20% (w/v) soluble starch. The residual starch content
in the fermentation medium was 1.68% (w/v), and therefore almost all the starch was fermented completely.
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Strain Relevant properties Source
K114/YIpMSAR o ade® his2, irpl, STA? Saccharomyces diastaticus K114 Laboratory collection
(LEU2/URA3) clone 1 habouring integrated YIpMSAR(LEUZ/TURA3 (Kim and Kim, 1996)
K35 Polyploid brewing yeast {(Vierka dark) Friedrich Sauer
belonging to genus Saccharomyces Ostfildern, Germany
RH51 Hybrid between K114/YIpMSAR(LEUZ/UURA3) and K35 This work

*STA, gene coding for glucoamylase.

*The integrating vector YIpMSARLEUZ/URA3) was constructed (Kim and Kim, 1996) from pMS12 (Thomsen, 1987) habou-
ring mouse salivary a-amylase ¢DNA, ADC1 promoter of alcohol dehydrogenase I gene, 2 u ori of yeast, etc.
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30C, 100 rpm®] =722, 247l vhefste] FAE 3
Allith o] E oA 14 F-2] 3}031 A o3 pellet 20 g-&
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Table 2. Characteristics of parental yeast strains
Growth® at 30T Growth® at 37T Ethanol -
: : Amylolytic
Strain Ethanol Glucose Ethanol Glucose production activit
b y
(%, v/v) (%, W/v) (%, v/V) (Yo, W/v) (%, w/v)
125 140 45 50 7.5 9.0 45 50
K114/YIpMSAR q
—cC o e — — — — — d
(LEU2/URA3) T 6.75 +++
K35 ++ &+ At = 4+ e+t 7.45 ~

*The rate of growth was evaluated after 2 days with each culture grown on YPD containing various concentrations of

ethanol or glucose.

bThe initial glucose content in the fermentation medium YP was 20% (w/v) and the fermentation was carried out at 30C

for 5 days.
°+ + + represents excellent growth, + 4+ good, + fair,

Table 3. Comparative effects of different temperatures and
sucrose concentrafions on the growth of respiratory deficient
mutant (RD) strains of yeast K35

i 2

e,

Yeast Growth at 30C Growth at 37C
strain 40% 50% 40% 50%
K35(wild) +++ T+t A+t
RD 1 ++ - ++ R
RD 2 + -+ + ++ + -+
RD 3 ++ + ++ ++
RD 4 ++ + + 4 +

RD 5 ++ + + 4+ +

RD 6 ++ 4t ++ G
RD 7 ++ it T+t o+
RD 8 ++ + + +

RD 9 b ++ 4y o
RD 10 ++ + ++ 4t
RD 11 ++ ++ 1+ ++

*The rate of growth was evaluated after 3 days with each
culture grown on 40 or 50%, (w/v) sucrose agar plate con-
taining 1% veast extract and 2% peptone at 30C or 37C.
b+ + 4+ represents very good growth, + + good, + slight.

whA] g TRt 84 stk 53] ©) K35
F+ 30Cst 37C Rl A 50%(w/v)«1 e of| A 2
of-2. o Azbg-o Hel zlo] FoldiAl IaE ).

SEZEH =T &=

Rare-mating® hybrid¢] A=)z ¥e]& $& polyp-
loid Ald#3F K359 genetic selection markers e
old}7] 2] acriflavine 2 zjg)sle] 17659 13} 4l
A}ol A SEHe] Edwel ot A 1175 o3
Welth o] Hol|FEe AAd Wdk 2%, @5k
%3 #H(Table 3) :l-al i oolebg Fxo] o dK(Table 4)=

FAEe] 9 Wo| 35 Aluslaal dhedch 2k 9
%5-4 °d el 9‘J o] = ®WHolF cloneS-& ok A

_|...

shght,
Y+ + 4 represents excellent halo formation on YPD1S3 agar medium,

— no growth.
— no halo formation.

Table 4. The effects of ethanol concentrations on the growth
of respiratory deficient mutant (RD) strains of yeast K35°

Yeast Ethanol conc. (%, w/v)
strain 3 9 10 11
K35(wild) +++ +++  +++ +++
RD 1 + 4 | — _
RD 2 + + - _
RD 3 + —- _
RD 4 + + — _
RD 5 + + — _
RD 6 ++ ++ + -
RD 7 + — — _
RD 8 + — — _
RD 9 A +- + 4
RD 10 t - _ _
RD 11 e ++ ++ 4

*The rate of growth was evaluated after 3 days with each
culture grown at 30C on YPD agar plate containing various
concentrations of ethanol.

b + 4+ + represents very good growth, + + good, + slight,
— no growth.
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t}, AERHEE Vel halo A7|= Aoz
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/YIpMSARLEUZ2/URA3)2} K353} v]adted Table 5o
Jdehdlgich. Hybrid RH512 a-amylase®} glucoamy-
lase®] #8]52 K114/YIpMSAR(LEUZ/URA3) = H-¥]
3 =519 35, vl FAl(ploidy), o &HE-iAd, duAd K35
EHE ﬁ’“@"ﬁ}ﬁib} o]g]s}ed RH51L AP S EN¥E
ErE A o] A HGSE RolFgch

RH510l| 2|8t MEUE FTzio x[X3

2rol ¥ Hybrid 75 RH51 ¥F2] AR Lael
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Table 5. Characteristics of K114/YIpMSAR(LEU2/URA3)
and K35 and their hybrid RHSI1

K114/YIpMSAR K35 Hybrid

(LEUZ/URA3) RH51
a-Amylase + — 4+
Glucoamylase + - +

Ploidy Haplmd Polyploid® Polyploid®

Ethanol-tolerance®  — + +
Sugar-tolerance® — + +
Ethanol (%, w/v) 13 00 5

from starch®

*K35 formed spores.

RH51 formed spores.

‘Growth at 30C in the presence of 12% (v/v) ethanol.
{Growth at 37C in 50% (w/v) sucrose.

*Three loopfuls of each strain were inoculated into 10 m/
of YPS4 and the fermenation was carried at 30C for 3
days.

ko] Wpelx 1 A
45 34C7F AHA 2R
w25 AAshs HAd=

2= HEle| ¢l9lch RH51
enw etk H4 0

a-amylase2} glucoamylase

of 9% F3} A} FoeRE HWase AHE &
7} 9d+=d g-amylase2} glucoamylased] # A 4k
ex = Zbz A5C ael3 55C(7)elal, BE &Re I

HeEi= 28~35Cel(16) 7o Hh-ﬂ Ho} of7]e
Vet A AR wE L% 34TE FE wEdE 7
Aol ofsko g AlmEch =3} hybrid RH51¢ A &
T 34C+ o] hybride] kAl F K354 7]2l3-E <
4 9laivHTable 6). & | hybride] k3% sh}al K
114/YIpMSAR(LEUZ2/URA3) ¥59 #HA 2x+& 30T
olal K359 A 2%+ 34Colgi7] dFo|ch

pHS| ¥& Hybrid yeast RH51¢] 2| AHFE o=
H-E] ofghZ Ailel] it pHel <d3kE AR, 2
A5 Fig 2¢] 2+ vepdisict. 34 238 pHe 5
o] 9] AL succinate buffer7} citrate-phosphate buffer ¥.c}
453 £ HEHS YR

1.4

1.2 -

o8

0.6

Ethanol{%, wiv}

04

21 24 27 30 33 36 39 42
Temperature(C)

Fig. 1. Effect of temperature on the starch-fermentation by
hybrid yeast RHS51. The fermentation was conducted for
2~4 days in YPS4 broth.

—@— 2 days —Hl— 3 days —a— 4 days

Table 6. Optimal temperatures for starch-fermentation by
different yeast strains and their hybrids’.

Optimal
Yeast strain temperature

()
K35 wild type 34
K35 petite mutant 30
K114 30
K114/YIpMSAR(LEU2/URA3) 30
Hybrid RH51 34

*Each yeast strain (3 loopful) was inoculated into 10 m/
YPS4, incubated at 24~40C for 3~4 days, and the ethanol
(%,w/v) produced was measured to determine the optimal
temperatures for the starch-fermentation.
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Fig. 2. Effect of pH on the ethanol fermentation of starch
by hybrid yeast RH51. The fermentation was conducted for
2 days with buffered YPS4 broth at 30°C.

—@— 0.1 M citrate-phosphate buffered —M— 0.1 M succi-
nate buffered

Ethanol{%, wiv)

0 2 4 8 8 10
Time(day)

Fig. 3. Effect of pH condition of the fermentation medium
on the ethanol production from starch by hybrid yeast RH
51. The medium composed of 20% (w/v) soluble starch (Di-
fco), 1% (w/v) yeast extract, 2% (w/v) peptone.

—~4— Control (pH not adjusted) —W— Initial pH 5 — & —
Buffered pH 5 (0.1 M succinate)

=R HEE wix] YPS20W 2] pH =71¢] ¢J 3k & cont-
rol(pH not adjusted), =~] pH 5.02} buffered pH 53!
) ol 4 &) HFE HEE 2SI 2 HAE Fig 3
vielfilct 42 Foke] g ol A o vbE ABAkekel] &
zte] 7} gl ot L o] F-of| A<= buffer(pH 5)7} =] %l
737 71 $L& ogRE AAREES VteRSich o] A
A2 A soluble starch® AM8-3F WaE wix] 9] #A
pHE 59l 7o Alg¥rc) €3 mouse a-amylase

Hi=3 XfEBFE 0] offF OfEISMA 609

Table 7. Effect of inoculum type on the starch-fermentarion®
by hybrid yeast RHSI.

Inoculum Ethan{}l CONC. (C/NO, W’/V)

type 2 days 4 6 8 10
Yeast

culture 2.25 5.75 6.5 7.00 7.00
broth”

Pellet* 2.25 5 675 7.00 7.00

*The fermentation broth was composed of 20% (w/v) Difco
soluble starch, 1% veast extract, 2% peptone, and fermen-
ted at 34C.

*Yeast cells were activated on YPD1S3 agar plate at 34C
for 2 days, and 3 loopful cells were transferred into 5 m/
YPS2 broth and incubated for 2 days at 34C. And the 5
m/ YPS2 yeast culture broth was inoculated into 95 ml/
broth composed of 20 g Difco soluble starch, 1 g yeast ext-
ract, 2 g peptone.

“The 5 m/ YP52 yeast culture broth was centrifuged and
suspended in distilled water (final volume, 5 m/}, and used
as an moculum.

Alol 9l #™ pH+ 7.5(data not shown)elgli, S.
diastaticus ] glucoamylase®] A pHE: 54¢]rch=
A7) AR #A pH7F 4~5<9) AFH(18)4| B 5
of & wj, ¥ A3 A vtebd hybrid RH512
A PyurE pHel pH5: 2™ 29 459} v}
Wiz qEEse] H4 pHeleprluch: Pajug
of &} 8 HEsl= WAEANAY HAH pHe 7oz H
elt}. Laluce and Mattoon(17)-2 S. diastaticus 2] ol &t
< WA glox] AF-olvt dextring] Ao} HR
o 21 2] pH7} ollgb-& A4 F8.8 o 3kS v|Hc)m
Hpsleden 0.1 M succinate bufferzl H715l YPSE-
R R 2 AS-shel S 9 buffer”} gl YPS wf 2[R}
wre] Ay wadd gle S FHASctR skl

o}

Inoculum typef| ¥k Inoculum typee] A&
of Wigt odske FA)stgdz, 7 d3E Table 7o v}
e} glc}. of 7ol A o 4 g)l5-¢] yeast culture broth=
A2gk g At pelletd] e A3 WA ||
jo] oerE AabeRE st T shavh o] A¥s
HZo} x}8-3F yeast brothi= ZHEFulz] YPS2el A wi
ofAlell wiX]E E¥]%l og-amylase®} glucoamylase&
£33t glol, pelletd] 79 Bl Fe ofeks A4
£y 2 wolzlelx 7| A= of2 Ao}
HEetel A& 3 Fa(inoculum size)e] Ay X
Hell gt J¥S AN 1 AFE Fig 4ol v
etfigiel. HA AHEFS 2%w/v i ARAES] wet
weightol]l 718D pelletel gl x, WaE 6 A 25 o
B9 Ak 7.25%(w/v)ell Daldck gHH 109 9]
Mt E o)) 4] #bo] A K-o] 34%(w/v) M wekgel #F

X
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Dextrozyme H7ize| g AR ua$ Aozl et
& Zoleje HH o2 RH510| o AiEtae digh
dextrozyme®| Ar}eke] <J3kL zAlsldal 1 AAE
Fig. 5ol vtehfedct o7]ellA] K dextrozyme®| #
7}efo] WEE oelE Ay JHERe] FIHE

dextrozyme 2 0.16%(v/v) H7lgt A9 HE oghe
g Aleko] 825%w/vyoll T, HVeHA] W& 2T
A9 7.00%(w/v)olA A 1.25%(w/v)RHE ©] @2 ol
28 AAstArt =gt 83 wa Fo| zho] AHF-wgel
oled A% 0.16% dextrozymeE #H7}aF A-57F 1.5%((w
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Fig. 4. Effect of the inoculom size on the ethanol fermenta-
tion of soluble starch (20%, Difco) by hybrid yeast RH5I1.
—@— 02% pellet —MWM— 2.0% pellet — A — 4.0% pellet

Ethanol{%, wiv)

Time{day)

Fig. 5. Effect of dextrozyme concentration on the fermenta-
tion by hybrid RHS5I,

—@— 0% (v/v) —B— 0.04% (v/v) — & — 0.08% (v/v) — X —
0.12% (v/v) —* — 0.16% (v/v)

/v), A7F8FR] & A57F 34%(w/v)e B A dextroz-
ymeo] Zhe] HEZFS Folil ovbE AAHARE FA
et} o] dextrozymed| E3¥E ] 2+ a(1-6) gly-
cosidic linkageZ #31¥ <+ Ql+= pullulanase?] #h&
7l Aoeg Folxich

Aty ° 2 glucoamylase+ a(1-3), a(l-4), a(l1-6) gl-
ycosidic linkage & H-sl& <+ Q= A48 o|BX¥ow =
HAEE xregpog 9z Fag o Qg 28 S, dia-
staticusol| A 2] ¥ glucoamylase®] A3+ a(1-4) gly-
cosidic linkage 78 B-31& = gl o a(1-6) glycosidic
linkage®] 74-¢= 7 &Ade] AL glojA Aol it
debranching activity?} §ivle= R 27} UtH20).

K352} hybrid RH512| H& ddfs Hlw

Table 8& pH 5oll4] a-amylase®} glucoamylase&
F-A)o]] 1] 8= RH51-# 59} amylase & %3] £9]3}7]
%o K3ba7e] Aoz he oetg Yikede v 23t
A3 Astolch, sl wie] K3saie 79
o &F-&-& AibstA] FEtd] wlsted RHS1# S+ 7.0(%,
w/v)8 =& olehE AAREFS eI

Fig. 6-& a-amylase(Termamyl 120L)e)] £]&}e] <f3}
5 20% AL 53 tapioca® FE|S] HIFHE M
W Aolr} ol E 779 FHEF olgr2 AAbek2 hyb-
rid RH51¢] A-$7} 7.3%(w/v), K352] 74-%7} 2.3%{(w
/v)ele] A a-amylase®} glucoamylaseE #%)3}+ hyb-
rid RH51+#5 7} Y538 AE Haygor] 53 =
Vel 33 Qe

URTES ALES ME Y 47

ShollA AR HA wE F7 sl MAXES A}
f-3ted 2]l X AF w-amylaser} glucoamylase 2]
T el hybrideta RH51%ke) 2]} 7}8-A) A1-7(20%,
w/vye] #a AAHE FARsI 1 AE Fig. 79
b gleh o714 B i Rie] okt wE %

716l 290 Foll APHUL 2 F 2FY ovkE YA

Table 8. The time course of ethanol production from starch
by yeast RH51 and K35%

Yeast Ethanol (%, w/v) produced after
strain 2 days 4 6 8 10
RH51° 2.3 5.8 6.5 7.0 7.0
K35° 0.3 0.3 0.3 0.3 0.3

*Three loopfuls of each activated culture were transferred
into 50 m/ of YPS4 broth, incubated at 34C in a rotary
shaking incubator for 2 days. And the 5 m/ of each cultue
broth was inoculated into 95 m/ of buffered (succinate 0.1
M. pH 5) starch to start the fermentation at 34C.
"RH51 secretes both a-amylase and glucoamylase.

‘K35 does not secrete any amylase.
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Fig. 6. Fermentation of liquefied tapioca (20%, w/v) by K35

and hybrid RH51.
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Fig. 7. The time course of ethanol production from starch
by RHS51 in a 2.5 / fermentor
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