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Wdg, WA 2 iAo sty 5dd
NEE Yaglel AAHLE AMHT Y
A A A (5 DR Jerusalem artichoke:
 Helianthus tuberosus)® $3E % 7V &<
grstE dES 7MY 1 37 (tuber) X
Z9 85%7} inulinolte BdEolth 19
gdelol, A, 499 FE AR @ sE
°]71% & inulin® oF 35709 fructose?} B-21
Ao R Ao E glucose’t 3 ¥ AZAH
fructan AIE ©rsEY dFolth. AATA
HAZA 5L AHHCE AYE ELHA
3 WAAAY HAHI e ARl
Inuling 7+rE3f3te] glucoseE A8t &
AE exoinulinasedl® 72 LEH A
exoinulinase A EHX 2+ Kluyveromyces
fragilis® K. marxianus7} 7} @2 4EA Sl
t} 199199 K marxianus®¥¥ A4 cloning
¥ exoinulinase #AZHINUDE 1 #342 4
E9l exonulinaser MESJE EHHE &4
(Extracellular Enzyme)©|t}, K. marxianus
exoinulinase §AXE Saccharomyces cerevisiae
oA FA e WMAZ FE - Fu] - AAEEH o
AR FAGHLEE T YN T4
S Ed 4 g INUL 448 FAFHS
2 2y . Qe AZY S cerevisiae IF
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ZhA, A inuline] olghE Ak MR
Fe 120 =, ol A AR X

A3 (Surface Expression) £ ¥2F
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EoAE ROtk T WAT wjAY o}
Abo]l MEWE F4E0 Zor ¥ B8
S AR A g0 AAHE BRo
o} olgA AMAEH TFYFL alcoholacety-
Itransferaseol 93} acetyl co-ASte] &3k
02 ZF ester2 Hrh 459 olviAb AT
A ARE HAFAEQA oAt 93
feedback A9 AAE Wo} e ofm|x
Abe] AAQHA UEE ZEHEY IFUEH
24 esterd AAF5EE F7HA71I7) A8 W
k& olm|-Ab 9 B2 4 (Branched-chain) ©}
oibe] HAAAE SN AFER &F
M) thdd (YR B A

7hE).

MR

o\

—~

u}aFE  ojn| Akl phenylalanine(Phe),
tyrosine( Tyr), tryptophan(Trp)8 AFAA=
ZRE 474 #4Es 4FQ f-phenethyl
alcohol, tyrosol, tryptophole] A€t (Fig. 1).
B-Phenethyl alcoholS Av|E 337|542 HF
o) 7)&FolF, 1 ZAF esterd) ZAb f-phe-
nethyle: BFotgE Wakd Yetdoh Tyrosol
2 tryptophade &5t E2EA 98A A
A7 FL% BRI o5 F74E
AANAE Fol7] i WEE olmlinAt A
A AR F7E AR & EFEE o
At ohdad WASE

]
e 9% (K-9)2 thekdt whake ojn] Ak o}

(Fig. 1] Biosynthetic pathway of aromatic amino acids and higher alcohols in S. cerevisiae. Abbreviations. DAHP,
3-deoxy-D-arabino- heptulosonate-7-phosphate: Phe-sensitive DAHP synthase, DAHP synthase
inhibited by phenylalanine: Tyr-sensitive DAHP synthase, DAHP synthase inhibited by tyrosine.
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<Table 1> Properties of fresh sake made using fluoro-DL- phenylalanine-resistant mutants

and their parent strain K-9

Component Strain
K-9 OFP-3 PFP-26

Sake meter -05 -10 -1.0
Ethanol (%) 171 170 169
Total acid (ml) 24 25 25
Amino acid {(ml) 18 19 18
Isobutyl alcohol (ppm) 115 123 124
Isoamy! alcohol (ppm) 237 227 250
Isoamyl acetate (ppm) 55 52 82
Ethyl caproate (ppm) 11 10 12
B-Phenethyl alcohol (ppm) 181 701 814
B-Phenethyl acetate (ppm) 50 206 245

OFP-3 and PFP-26 are mutants resistant to o-fluoro-DL-phenylalanine and p-fluoro-DL-phenylalanine, respectively.

d270 gd A4 Ade 33 1 2%
K-95% m-fluoro-DL-phenylalanine (MFP, 5
mg/nl ), o-fluoro-DL-phenylalnine (OFP, 2
mg/nl) 2 p-fluoro-DL-phenylala-nine (PEP,
1 mg/n)elM A&l AAEHW Phe 7}l
o8 siAlE Z oldZI WAF 40F8E
HawA oA 30C, 297 A3l w2
B-phenethyl alcohol BAAE Hols Wo|F
OFP-3 ¥ PEP-268 A3t} o]§ Wo|F
£ 8 200g2E AFE 4% Yol NEF 2
7, f-phenethyl alcohol#} 1 24} ester $HEF<
TFF(K-9)ol vls) oF 4w} o] F7tstAtt
(Table 1). t}$°] OFP-3& tyrosolZ, PEP-26
£ tryptopholE 247t IFER FH3A.
B35 HolF7H YAEE ELEE H
T E2AS A3 F dolF BR WIS °}“]
A A WHolol 93] Phe AHA
27} %715 0] B-phenethyl alcoholo] I M
E Aol s I3y I Ho|E F

Ho|Fd A AE TE7] dFd OFP-3%A+
Tyr 2 tyrosol A4Jol, PEP-269141& Trp %
tryptophol AJAJo] 2tz Z718tAth. PEP-262
prephenate dehydrogenase 8419 ZHAe] )3
prephenate 4Fo] &2 o], 11 A7} Phed Tip
o FAAZ FUHEHAGY R 0%
o], o] AAEA Zast #AW Tyr 449
A&E oF718), DAHP synthase®] feedback A
& Az AL FHHAAG

o g ool Wl % +AHEHANY, 4
B2 ¥4 2 Adde] Rz 2%
NE 5<& =3 f-phenethyl alcohol LAY AkS]
= ARO4 $AXHDAHP synthase)$} Tyrl
-F’r%ixl-(prephénate dehydrogenase) o] Al 5t
ol i Egol MR &, AROSL HelfA
ZH(ARO4-OFP)¢] AAA7IMES AR
ARO4 #AAS HEF 23 FEHFAAN
496A 2] C7F AR A FHo] 3lo] (DAHP
synthase W 16684 <] glutamine©] lysinel
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2 A3, Y ofmic At ¥o|7t Tyrdl ¢
8 feedback AME HAATI= A2E #Y
=

o] §42 ARO4-OFP7} EfHdo] e
pKF101 plasmidE A|&3ted AFEE K-9 9
haploid 2 wracl 874 K-9 H14-U7 3l
HAFMTFANAY, HAASAYG & 600g 22
AFE AP A3, SFAE vl -
phenethyl alcohol® 48], B-phenethyl acetate:
o 8o A& F 75 ATK Table 2).

2) BAH obwi At AZHIA o] thAbA o

B2 olu]}x 2 leucine (Leu), valine
(Val) 2 isoleucine(lle)®] AJ¥HA AZZ4HH
Zhzte) B2 &E<) isoamyl aloohol, isobutyi
alcohol 2 &4 amyl aleohalo] AAHTH (Fig.
2). Threonine(Thr)¢] WY HEEREE n-
propanolo] AAAETh o] GF9 24 esters
E AT ERY g Eely.

=T
HAFERE BRFFR 89 555 trifluorole-

ucine WAool FM Leu AFEA F2
428l a-isopropylmalate synthase® Leu
feedback A&7} sjAE WolFE HE3L
1 #F7} isoamyl alcohdd 1 FAF esterd
FAAES FE %t Azaleucine WA o]
F9 37 Aske AAE A3 HolFd 2%
F9 A geo] SIStk dhue a-isopropyl-
malate synthase®] Leu feedback A3]7} 34|
%0}, isoamyl alcohol® T FAY esterE TAA
e Aoy, & e Val A
ZF 8 /91 a-acetohydroxy acid synthase®] Val
feedback A&7} slAl = o] isobutyl alcohol?}
3 25 esterg IAAEHE HEHO (T
AFEH. S cerevisize BT & LITE
3le] 2-thiazolylalanine WA ®Wo|F o A
isoamyl alcohol® isobutyl alecohold EAle] I
AEke HolFE SR o] WolFE A}
L3t AF AF 2 ANARS P A,
H-24) aloohold T ZAF esterg EgFol H]
A 28 o] TS, #FHoER B

<Table 2> Properties of fresh sake made using transformants
Component Strain
K-9H14-U7 K-9H14~U7/pKF101

Sake meter -158 -04
Ethanol (%) 147 179
Total acid (ml) 55 24
Amino acid (ml) 27 24
Isobutyl alcohol (ppm) 1228 166.2
Isobutyl acetate (ppm) 04 05
Isoamyl alcohol (ppm) 3020 3137
Iscamyl acetate (ppm) 17 37
B-Phenethyl alcohol (ppm) 2490 10252
B-Phenethyl acetate (ppm) 32 230

OFP-3 and PFP-26 are mutants resistant to o-fluoro-DL-phenylalanine and p-fluoro-DL-phenylalanine, respectively.
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(Fig. 2] Biosynthetic pathway of branched-chain amino acids and higher alcohols in S, cerevisiae,
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Bt A Y FEAQ aspartokinase® Thr
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BHAR At o]F WHo|F S & 200 g0 &
AFE AY - AL AA(Table 3), 84
amyl alcohol®} n-propanolE R-FFoll Hl& 2
wlol A ¥gsly, A5 HORE 431
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(Table 3> Properties of fresh sake made by mutants and their parent strain K~901
Component Strain
K-901 K-901-T112 K-901-H55

Sake meter -04 -85 -6.2
Ethanol(%) 162 149 159
Total acid (ml) 25 25 29
Amino acid (ml) 25 23 26
n-Propanol (ppm) 317 808 591
Isobutyl alcohol (ppm) 179 136 154
Active amyl alcohal (ppm) 129 292 274
Isoamy! alcohol (ppm) 281 279 290
Active amyl acetate plus

Isoamyl acetate (ppm) 55 82 90
Ethyl caproate {(ppm) 10 11 12

K-701-A2 and K-901-A5 are 3-aminotyrosine-resistant mutants derived from K-701 and K-901, respectively.

<{Table 4> Properties of fresh sake made by 3-aminotyrosine-resistant mutants and their parent strains

Component Strain
K-701 K-701-A2 K-901 K-901-A5
Sake meter +96 +84 +109 +94
Ethanol (%) 177 173 177 17.7
Total acid (ml) 28 33 26 31
Amino acid (mil) 2.0 2.3 2.0 21
n-Propanal (ppm) 98 188 85 191
Isobutyl alcohol (ppm) 125 212 175 225
Active amyl alcohol (ppm) 88 265 98 145
Isoamy] alcohal (ppm) 285 625 302 447
Isoamy! acetate (ppm) 70 103 70 130
B-Phenethy! alcohol (ppm) 321 618 256 400
B-Phenethyl acetate (ppm) 82 131 74 122

K-701-AZ and K-901-A5 are 3-aminotyrosine-resistant mutants derived from K-701 and K-901, respectively.

#8190 Bj(Table 1), H5HANE o] & na &
BE A Ao v g Fue 74
Ay AZS AL & Y B oM AWE S84 Al 9ol AT
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[Fig. 3] Metabolic control of flux at different levels. The intracellular poo! of mRNAS, proteins, and metabolites
are named as transcriptome, proteome, and metabolome, respectively. The biochemical reactions(Pe:)
and regulatory proteins(Px) are shown. R is ribosome. X1, X2, and X3 are metabolic intermediates.
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