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Abstract

To examine a method for producing Japanese spirits (shochu) from cheese whey-based fermentation broth, we
evaluated the ethanol production by simultaneous saccharifying fermentation using Kluyveromyces marxianus KD-15
released from catabolite repression. The rice koji obtained by growing Aspergillus luchuensis or A. oryzae was mixed in
combination with each yeast strain of K. marxianus NBRC1963 (wild strain), K. marxianus KD-15 and Saccharomyces
cerevisiae NBRC10515. The pH, a-amylase and glucose forming activities as well as the glucose, lactose and ethanol
contents in cheese whey-based fermentation broth were determined for 21 days. The results showed that the production
of ethanol by K. marxianus KD-15 in combination with either koji was significantly higher than that by other yeast
strains and the level in combination with rice koji obtained by A. luchuensis was approximately 30% higher compared
with others. The a-amylase and glucose forming activities tended to decrease during fermentation. Nevertheless, the
total amounts of lactose consumption in the fermentation broth using K. marxianus KD-15 were the highest even in
combination with either koji, indicating that the improved ethanol production by K. marxianus KD-15 could be caused by
its higher consumption ability of lactose derived from cheese-whey, but not of starch-derived glucose. These results
show that K. marxianus KD-15 has high abilities of both cheese whey utilization and ethanol production even in the
presence of mixture components including starch-degraded products, and is efficient for producing cheese whey-based

Japanese spirits (shochu).
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Z7 F—ADGRENCEN TS 2Tz, 7
a—2AMHEZ TN EBRDON D, BAE, BER,
HH, E—IVEICHH SN AEBERTHEERIC Saccharo-
myces cerevisiae w{F ¢ 5850 % B, S 7 F—A
FEAATEROWRERD HW, —TF, Kluyveromyces
marvianus (35 7~ — A% 3R L RSB T HBENE & LT
MEN, BPOAF, RE, MELErbHEESH,
< ORI 2B bR L SV RBFRE N A BT HZ &
M, FxlRERESR E L RBEAFEICH N OBNT
WHE o L L b, K. marxianus & 27 ) 32— AfFAE
TTRZIVa—ASOBEOEBHESI NS C & 238
HINTWBY,

Z T, JNHEGIE, TV a—ARY s HOFETFT
SRITABKDT 7+ —AGALD THE 7 K. marvianus
KD-15 #{f& L, 2D %/ —)VFEAEEOTHEIC
DWTHE L 728, K. marxianus KD-15 3, K. marxia-
nus NBRC1963 % bk & 4 5 7 )L a— ZAIHI B HEARE L
RWERMKTHY, A7 HE—AR7 )V a—ABE I
EEL T, ST —ALRBET L EPAJETDH
B8, KRIEBELT e & OBEEPEI,  FORM O JBSRA  % 45k
L, BORtOEE G L 7o InflifEO &\ i & LT
BRI NTWB, KR TIE, R A 2R E 3 5 BEE
EREER HIE L C, BERIBLE IO S Db Aspergillus ory-
zae, 1B X8, A. luchuensis mut. Kawachii 3 D %
FEHL A RELEEIC, F—ARIA RERE LT
Iz 7B LR REE A B C ko 7o, TORE, RIT A Bk
DT Y F—=AETNA—=ARKET 72D, RTA %8
OEMET VTR AN T = AV X —IC L B
MBEBEICBS W CALE LY /= IVEELRRL K
marxianus KD-15 % T, B RIFREAIC ST 5T
2 —)VEFEDOY R AR L7,

MHELUFHE

1. &

IR — VR ORE RS Saccharomyces cerevisiae
NBRC10515, Kluyveromyces marxianus NBRC1963,
B £ U Kluyveromyces marxianus KD-158 Z{FH L 72,
0L BE I RE S B Kk B (Aspergillus luchuensis mut.
Kawachii), BEBIERS KR (Aspergillus oryzae) %\~
NI ESHKHSTHEELOCBALICLDOAEHERL
7oo EFEREL T, PRI ET A (UAREEHEE)
EEAL (FV T VERITNTL8Y%), 7z, R A
BRIAN—32—F (57 F—AREHIZYN, ZH
AT IV A BEAL 7,

2. EBEEXH
— KRBT, RTA /=3I T—128ml, k#25g,

H165%

BERHEE T A 2 ml 2300 ml 87 5 A ISR G H, VU
TRICE KR AL % il L 72 40 F T 7 HIEEE R R
Lice ZRFERT, —REBBICHRTA/S—31T—|
82.5ml, NEWI0g HIEML, ZOKE 514 A S
B0, BHEREL, K#E0~3HH20C, 3~5HHA30
C, 5~21HH25CICRRE L, 24FFRMEICHIRL 700 B
TA/R—=3T—FiE, 63°C, 304 TG B,
i, 5,000 rpm, 37O BEL TR AR & L 7/
LOAEEHL 72, EERHT YPD AR5 (1% yeast ex-
tract, 2% peptone, 2% glucose (w/v)) T24KFfEE: %1%,
REEW A O L CEEARZ L, BB KA Iz
T2.8%x 108 cfu/ml IZFHEE L 7= b D& Wz,

3. RIEEH
(1) pH HIE

WEL, BEOHAH, 7HH (SRAEBEOIRER &
BEf), 148 H, 21H BIZfT - /2o BRIV 2 4/ pH
#t (pHTestrl10BNC/pHSpear, = v I1— - NVt UFk
K&th) AV, FEBORBHREWICEER SR T
BEL 72, WEIERERICERL, 1RIOEEICDE
TR LT 3 A ORE % K DT,

(2) TX/J—IELUBHROEREDI

BEOHH, 7THH (ZRAEBOBMKER L EE),
14HH, 2IHHORK <4 70 F 2 —7ICEHRRL, 4
°C, 13,000 rpm, 17RlEO5EEL CEBEAEIRL,
hEHElERRE L, T8 /=), ZIVa—ABIV
7 F—AOMEICIE, @EREI/ AT T T 4 —
(Elite LaChrom, #MASHHEININAF7 /O —X) &
vy, RIHE (L-2490) OHflE 7 — % % D-2000Elite
B HPLC v AT A FX—Y v Tl L 7= W1 A
Z /% Shodex SUGAR KS-801 (REFNE Lk ath) %
HAL, 7o AREIS0C, BEERISHEMK, FEE
1.0 ml/min O CHEIE L 72,

() o7 35 —ViEHOHE
HBEIZ2-700-4-2 07 £ Z)V 65T UV F-65-F
FFV—B-<I RV ELAYF (N3-G3--CNP) % H
W, BlEit a7 35— llEF v + (alpha-Amylase
Assay Kit (60213), Fv a—<UNA 34737 7KK
&) BERALC, MEMORENL, 5#EO0HH, 7H
H, 2lHBIC 1 g #EML 72, 10 mM BEfREME R (pH
5.0, 0.5%NaCl #&ds) % 5ml Nz ks %REL,
FEIR T 3R E L 2%, 5,000 rpm, 1 %[0
L7 b &AL /oo ZEBEWS0 ul & BERBW (Vv a
TIS5—, Ay —E)50ul m< A raF o —
TIHEL, 37°CTHI 5 ST ik, WEHkE A 10
ulnz, 37°C, 105 MG /72, KIGE IR (REES
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FUT L) w200 pl PNtE, AL 2-r7nH-4-= 1
7z /—) (CNP) O4:g&E%, 45X KER (U-2810,
HINA 7794 L A) % A THR400 nm (500
BHENNE (Age) THIE L 72,

4) B HoME

FNa7Is—Yla-NavFx—YI kD5
INAHHEE, 42 Fra 72 B-<IVEV R (G2-6-
PNP) #H\\C, Bt (ZFIva—2E)) & e+
v I (Glucose Forming Activity Assay Kit (60211),
v A= VN X 27 7 R &th) CTHEL 7=, B
L, B0 ul ICHEBEOBER (-7 ay X —1)
Tz T37°CTH b T HINEE, o7 25 —Eih
PEOWIE & [FFRD S THRBELL 72 MEHR 210 pl n 2,
37°CTLIO MISUE & /7o RISMFIRRE (KEES U 7 4)
%200 ul HRnts, AU/ 4=t 7 /—)L (PNP) O
ERER, X EH (U-2810, HIZNA F7 A4 TV
) T EA400 nm 13510 AEIERE (Ayg) THIGE
L7z,

(6) VRV BEEREROBE

TS5y F7x—FEICEOVPEL 2, AL, ks
0.5%NaCl #4410 mM EFfg#EE#R (pH 5.0) CTEEAR
Rk, 20150 ul #Rtg N4 F - 59 F FHRF b
U — ZRRASH) ISz, ZiRT5 oMl EikiE®, 7o
FHERT (U-2810, HIALNA T 27U A TV A) BHWT
PR595 nm IC BT LK (Asgs) THIE L 72,

4. fRETREAT
Microsoft Excel 2013 (x4 71y 7 b ) O#izEH#R
W7ar s AR TR %217 - 72,0

® R

20k DR (Aspergillus luchuensis, A. oryzae) D\>
FNHATHLNIZ KB E SHOEER (Kluyveromyces
marxianus NBRC1963 & =D 71 % K5 A+ I R Bk
K. marxianus KD-15, U Saccharomyces cerevisiae
NBRC10515) D 6@ DA AEHE T, F—AFRT
A %N Z 7L AR REAIC 1 AR & O pH %
FERIIClE L /- (Fig. 1A, B), FOfEE, A. luchuen-
sis TR DN L OM AL HHE T, BEEKO pH
BB & O AGEDRICEDL LTI TH - 7o, KisE
7 HH (Ist period, 7b days) {2725 &, WINORER &
DHAGHOE TLIBEDOETO EAB AL NI,
ZIRAEEOFROWRMER (2nd period, 7a days) 26
RHEETO2IHE £ T, £ TOMAEDETHL20D
FEERERBIT % -7 (Fig. 1A), —75, A. oryzae
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THELNIKB E DM ASGHE T, BEREXKO pH 13
ETOEERE OMAEDHR THS.6L70, A luchuen-
sis THONIKH EDHAGDLE LD A EREICE WHE
#mrL7 (Fig. 1B), L22L, %% 7 HH (1st period,
7b days) Tid, £ TOER & DO AG DY THRLIEE
FTETL, “REBOFROREMER (2nd period,
7a days) »HEEFEIAHAE T, WINOER & OHA
Gy THIETEM AR SN, B2 K marxianus
NBRC1963 & Z D Hh 2785 A I Il ik K. marxia-
nus KD-15 & O A E D4 Tld pH O T PEEE 72 - /-
(Fig. 1B),

KIZ, BRREEWHO7IVA—AL T 7 F—AD}
B A s icllE L/ (Fig. 1C, D, E, F), 9, A
luchuensis TG HNIKH & HBERFEE &L O A G DY
T a— AREZIE LR, £ CTORMNEKE S
DHAEDLE T IVa—AEENEAL, B5ET7HH
(1st period, 7b days) DL, K. marxianus KD-15
DI dE < (207mg/ml), K. marxianus NBRC1963
(143 mg/ml), S. cerevisiaee NBRC10515 (78 mg/ml)
DIE7?2 > 7= (Fig. 1C), —F, ¥#&E 7 HH (1st period,
7b days) OS5 7+ — AEEL, #iC K. marxianus KD—
15 L O AEHLE THRLIEL (75 mg/ml), S. cerevisiae
NBRC10515 & DA EHE TIET 7 F—AREICK &
REALIE R OGN % 7 (Fig. 1E), £72, —KERED
FoRtOWINE Tlid, ZOEK (2nd period, 7a days) 7
L7V aA—AREFETOER L OMAGDE TIKT
L, 5514 H B UM TIX, K. marxianus NBRC1963 &
S. cerevisiae NBRC10515 & Ofl A& 4 Tl IZIEHE
KRBT 72 5 7285, K. marxianus KD-15 & O A&
Ti315 mg/ml BE O B iR S /e (Fig. 1C), —
7, 7 F—AREE, ZRFEEOFOURME R (2nd
period, 7a days) 7 HE:#14H BIC > TLTOERE &
DHMAEDE T T L2, 12 K. marvianus KD-15
L O AE DR THEFEIE T L/ (Fig. 1E),

wIZ, A. oryzae TR OHNIKE & BEERFE R & O A
HHOET/NVa—AET7 F—ARELREL - (Fig.
2D, F), #OHEER, 7L a— AEEL, WTFNOBERE
P& DM AGHORTLEHEYBL UK T T AERZRL,
Fi#E14H H TIRIZETE&ICHE S NP, A luchuensis
THEOLNIOKEE A6 SRR, B8R 7HH (Ist
period, 7b days) DEE LS. cerevisiaee NBRC10515 &
DAEDE ORI BIE) - 72 (Fig. 2D), —77, 5
7 F—2AREE, & TOBREKEOMAGHE T, 5
FEEHITELONITIETL, K3 7 HH (Ist period, 7b
days) DOEEEL K. marxianus KD-15 » O A EHHE D
RO IR WA 27~ L7z (Fig. 2F), =612, k%
BEEOFRIOVRINE S (2nd period, 7a days) 75, W9
NOBFREE & OM A G DY THLRIRICIET L 7223,
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Fig. 1.

The pH value (A, B), glucose (C, D) and lactose (E, F) concentrations in the whey-added fermentation broth with rice

koji obtained by growing A. luchuensis (A, C, E) or A. oryzae (B, D, F) in combination with each yeast strain. The rice
koji (25 g) was mixed with yeast culture (2 ml) and whey (28 ml), and incubated for 7 days (1st period). Then, flour
(10 g) and whey (82.5 ml) were added and incubated for 14 days (2nd period). The pH values and the remaining
glucose and lactose concentrations were determined at 0, 7 (7b and 7a show immediately before and after the addi-
tional supply of flour and whey, respectively), 14, and 21 days after the incubation as described in Materials and
Methods. Symbols used: O, Kluyveromyces marxianus NBRC1963 (wild); [ ], Kluyveromyces marxianus KD-15; 4,
Saccharomyces cerevisiae NBRC10515. The values are shown as the means+S.D. of three replicates.

K. marxianus KD-15 * O A& HE TE, Z7IVa—2A
PINEIERGE L /oK R 148 ALBET D 5 7 b — ARE D
KFL, K5#21H HORE R LKA - 7= (Fig. 2F),
Table 112, BB RERAWHOBERFICEEND a7
I—Y¥, ROV a— AR rdiitbtl (Va7
I5—VlaNavx—¥) OFE®ERLI, a=7
IS5 —VPOIEML, A oryzae K OK A & o H (K5
DI A, luchuensis k) L EEEIAR Z 8 L CHEEICE
<, WEEIEREE 7 B H £ Tl A luchuensis O F5 7515

WEFE 2SR SR, WINOTENE L JFBEREK & O A G
bRICE BB EEZ BN, L2L, ThbHD
TGRSR OFE & & DI T L7

Figure 2A 12, ¥BEAWHICERIN/Z X /—IV
WMEEZR L7, A luchuensis THHN 7 KM & £F
Bk & e A GO IGEICAERSIN/IT X/ —)b
EEIE, —%kRETIE, K marxianus NBRC1963 & O
HMAEDETIE3.6g, K marvianus KD-15132.9 g,
S. cerevisiee NBRC10515 ({354 g & 7x D, S. cerevisiae
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Fig. 2. Ethanol production (A) and total amounts of
lactose consumption (B) in the whey-added
fermentation broth with rice koji obtained by
growing A. luchuensis or A. oryzae in combina-
tion with each yeast strain. The rice koji (25 g)
was mixed with yeast culture (2 ml) and whey
(28 ml) for 7 days (1st period). Then, flour (10
g) and whey (82.5 ml) were added and incubat-
ed for 14 days (2nd period). A portion of the
broth was withdrawn and both the amounts of
ethanol production (21 days after the incuba-
tion) and the total amounts of lactose consump-
tion (sum of the consumed amounts in the 1st
and 2nd periods) were measured as described in
Materials and Methods. The values are shown
as the means+ S.D. of three replicates. In each
column, means not followed by the same letter
differ significantly at the 5% level according to
Student’s t-test. Black () and white ([]) bars
indicate A. luchuensis and A. oryzae, respec-
tively, in combination with each yeast strain.

NBRC10515 * OfiAEHE TIRBEWEEZRLZ, L
PL, i KRB AE-LX /= IVRERIL, Th
Zh88g, 11.2¢g, 85¢g t7t 1, K. marxianus KD-15
LHAGDLR G EPRIAERICE P> T —T7, A
oryzae T O TKH & FEBERBEK - OB AGDE T
1%, —WRFEEETIL, K. marvianus NBRC1963 & O &
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&4 T1E3.3g, K marxianus KD-15133.6g, S.
cerevisine NBRC10515 1354 g &7V, A. luchuensis T
BONIKB EHAEDYIBE LRBRICS. cerevisiae
NBRC10515 & Dff A& H+ The b @\ MEZE 7R L 7228,
fe “RFAEB Y GO/ —IVREEIL, Thth
7.3g,87g, 63¢g &7V, K marvianus KD-15 » A
HHR I E N A. luchuensis TEONT K & HAES
b 7EE LRARICR b E2 - 72 (Fig. 2A),

Figure 2B IZ, REEEAWHICINZ DNk A Bk
DF 7 F—ADMBEBEEL R LI, A luchuensis T
SN7kB & K marvianus KD-15 Z# A &b & 728
H, 97 P —AREERET14.9g (—RFEBELS g, K
FW13.4g) T, MMOBEREK EMAGDYELBEE (K
marxianus NBRC1963 : —k 7##0.4 g, —IRFEET.9 g,
S. cerevisiae NBRC10515 : — &k B4 0g, IRFEM8.4
g) KDL EBICE» 7T —F, A oryzae THOHN T
K& O E DY TL, K marxianus KD-15 & O
AEDETHEIN/ 2T 7 P —AREEEMBOWTN
DOFERERR S A G D INIZHBE LD b WEAA RS
N7z (K. marxianus KD-15 : —kF&F#1.3 g, —IRFEE
12.5g, K. marxianus NBRC1963 : — R #E#0.8g, —
KFE#10.9 g, S. cerevisiae NBRC10515 @ — &k Ff#1.1
g, “RFAEREILE2), CNHORERNS, K. marxianus
KD-15 3 #EREWH T EmWI 7 b —2ELiETH
LTWwaZ EpmRan/c (Fig. 2B),

£ B

KL TlE, AR BER S AR & A o 5 5 B L A EF
R F— AR T A HFEE L Tinz, AXRSA M
Wk, K. marxianus KD-15 OBERSEIC k0 568
AP BGE S N7z, ERICHEH S 38iL, Femlic
HH XN AEE Aspergillus luchuensis (BHH) w B
L 7= A. luchuensis mut. Kawachii (J1385) THHI &
5, AR, FIC7 TU/RElEDEN N E 720, pH
PET I 2% L0 R OB IEH S 510,
KEROFER, A. luchuensis TIER S N7 B OEEREEW
D pH I3, A. oryzae TIER I N/-HOL A & Hig L THE
FEBAIARE » DEEEICIK <, A. luchuensis 12 X - TR
SN/ T UVRIC K VIR T LA REEDLE 2 b/, &
7o, REENHEATH pH BMEL SN T/ Eh D
(Fig. 1A), pH 24 FiRICE TR T LAz &Ik D, A
luchuensis (2 & % 7 T VERAR, %7213 Kluyveromyces
(NBRC1963, 3 %\ ix KD-15) 1T X 5 FLERA: 3 A3 )
SNIATREM D E 2 BN/, —F, A. oryzae TIER S
N7-BWOBEIL, K. marvianus NBRC1963, & 5\ it
K. marxianus KD-15 » Ol A& DR THEER &Y O pH
DRSNS T L7 (Fig. 1B), T pH DKL, A.



86

H165%

Table 1 The a—amylase and glucose forming activities in the solid components of whey-added fermentation broth.

a—Amylase (U/mg protein)

Glucose forming activity™ (U/mg protein)

Koji mold Yeast
0d 7d** 21d 0d 74 21d
A. luchuensis NBRC1963 5.9+2.9 25+1.2 1.2+0.7 17.2+1.7 7.8+1.2 2.1+0.1
KD-15 57+2.4 0.6+0.2 0.4+0.1 12.9+£0.8 1.2+0.2 04+0.1
NBRC10515 8.4+1.8 2.3+0.7 0.5+0.2 11.3+£0.6 5.2+0.4 0.9+0.1
A. oryzae NBRC1963 32.0£0.5 21.4+4.8 12.9+5.9 1.5+0.2 0.9+0.1 1.0+£0.4
KD-15 36.6+£3.6 26.4+14.3 129+1.4 1.5+£0.2 1.2+£0.2 1.0£0.2
NBRC10515 37.6+6.2 40.1+3.8 11.2+1.2 1.6+0.2 2.1+0.2 0.7+0.1

* The values show the hydrolytic activities of G2-8-PNP by glucoamylase and a—glucosidase as described in Materials and

Methods.

** The measurement was carried out immediately before the additional supply of flour and whey on 7t day.

The values are the means = S.D. of three replicates.

oryzae FE D T3 70 <, Kluyveromyces NBRC1963,
53 KD-15) OFMARIC LV E| & Shizw]
BEMENRE 2 BN, A luchuensis 2 A. oryzae i3, B
W7 b X—=YIZEBTT7 P —AGHERE>Z LH
HHNTWAS20  Lal, ME 3RO AL
b, BEREEWHDOT 7 b — AR & R HE L
7okE R K. marvianus KD-15 S A SR I-EE, B
BREWHDT 7 T —AHBERIIHAG DY R OF
T bE <, BT A luchuensis TYER SN 7= & A&
BRI EIIBEEICE > - /o (Figs 1E, 2B), hnb
DFER MG, K. marvianus KD-15 3B E &YW O pH
MECERE FICBWTAEWS 7 b — A& LEXHF I 5
CEDHLNITIE 5 T2,

REERG S FERHEGER) T 288 EEWHD
7V a— AEEEL, A. luchuensis TIEER S N7 xRS
L72& k04 A oryzae RO E R G L 72T 1 BEE
IZE <, A oryzae DENNT 25—V PEEL TW5%
nJEEME A E 2 57 (Fig. 1C, D, Table 1), %7z, —
RFEFAZBT 57V a—ADOHEERL, WIihoBxR
HLIBETL, Saccharomyces cerevisiae NBRC10515
LHAE DRI EPEEICE L (Fig. 1C, D), Z0Of
B, KRBT BT X /) —)VEEENS. cerevisiae
NBRC10515 & OfiAa G HE TlrbEWMEE R LI L%
ZbN7z, LL, B ZIRFEEETIE, #88 & B
DWTNOMAE DS THRL D —RFERE & i L T
PEZICIKT L7z (Table 1), CHud, =X/ —IViRED
EAPCERHREABEEOME L/ IV a— A LD, HEH
Sk OWALEER OIIED 5| & SN/ BEERE 2 b
72D, B o T, RFEBERFIC KT 5700 a— A G E
BFELKETL, BBEUHBECITEEESNI
L6 (Fig. 1C, D), —kREMICK T ST % /—VE
FEOELBIEIL, TV VROV aA—A LD biRT
AHRKRDS 7 F—AThHbHLEEZONI, 1272, 57
b — ZEALRE T DN S, cerevisiae NBRC10515 & 5 7

F— AEALRE ) A4+ B K. marvianus NBRC1963 D&
S P —AEBREICAEREPRON P72 LT,
— KR FEEE, TR A W U C K. marxianus NBRC1963
WA 2R T4 Pl Z 0 ThA T ERRL T
BHo JAUL, TRFEEER:, FRIC7OVa— AR B
HTER W4 BURRIC ST LBk OBEFRIC
X BHHEBAEA TR D ED 7 IV 3 — A S I kel
TWAHI LR L Twbh, o T, —RFER» D kS
B ftio T 2 ) — VAR, WA RS A FHH %%
FFE7INaA—ZAFETFTTL 57 F— AELREAHR W K
marxianus KD-15 L flA G HR 2B E, WO 2 EHk &
DA EDLR IV L FREICEVELZRL (Fig. 2A), H
FRCHE S 7 P —AWEBEREL&E» -2 ki3 (Fig. 2B),
FEEAEIAIC 7OV a0 — ARG Sl A F— AR T A
DIFEE L Tnz 6N 7B RIREFEEAIC 35\ Tidied T
FHREETHL EE DN,

K. marxianus KD-15 OFFHCFIH s /- 2-7 A4 F
70V 33— ATEIC L A ZERRORBH BT, RIUIOFREERE
WIS W T 0 e RBFRELHERF L T\ 5 C Ll
INTWAI 62, K marxianus KD-15 [ 3%E L
ToRBERE AR L T B & &2 DNz, £/, KKERT
HHLZBRIA =3I —F (57 F—RAREHI3%)
DEDIT, BEDORIA (57 F—AREKSY%) XD
bEWI 7 F—ARBEOFEB WS &, =X/ —)VE
EEDW LT ARG SN TV L5412, KER
DR TIEBERREGWHICS 7 P —ADBEREL T/l
LB, RIAN—II—FeHBHAT AR, BLUXZ
DOERE L OFEMCRFTALICL-T, =4 /=
HEEROI L LM ENPFTE S,

DLEDFER» S, F—ART A ZEk L 55 LR
REREEIC N X IR T A G2 R R S 7z Ko marxianus
KD-16 # A Z 2IC kD, REOLMHEZEL T/
WIA—=ZAFHETTELT 7 F—ADOMEENAHRICRD, S
cerevisiee NBRC10515 # W/ 8B & kDT X /—)b
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HEEENPIOX U ES R I N, /- T, K marxianus
KD-15 (%, BB Ic il S 5 Aspergillus FR O
L F— R T A w5k & 4 R LRI REE S IS \»
TR LR ) —IVEENIETH D, F—ARILA
mES 7 =A% EFR LT ABROBEICEHTH S
Z EBRENT,

F— XK I A % BN 7o BB B v A st 4 5 70
b, hZKRS A FEIEERE Kluyveromyces marxianus
KD-15 % i\ T, F—AKRIT A %Iz /b 6 R 5
BICRBT AT X /) — )VEFERERRL 72, Aspergillus
luchuensis 3 5\ ML A. oryzae TIER S N7/-8 L B4 RE 3
¥ (K. marxianus NBRC1963 (Bitk) & K. marxianus
KD-15, Saccharomyces cerevisiae NBRC10515) A&
b, BEREWHOPH, VVa—AE 57 F =A%
B, a7 35— L)), YTICIZ /) —IVEETR
REAIC21 H BIE U 7o ZOFER, K. marvianus KD—
W IFNoOMEDAGLETL I X/ —)VEER
DOBERE LD b EEICE <, A luchuensis & D
AEDE T, B, KOS cerevisiee NBRC10515 K
DHI30% M ELTce o7 2T —, BB IIERE
#BEELQIETHEAZR LA, K marxianus KD-15
BWTFNOHEDOHAEGHLETL T 7 F—AHBEREPK
LEP -7 &0, K marxianus KD-15 12 L A&
IR/ —WVEER, TUTVBEROZIVa—-ALD D
F—ARIAHRKRDT 7 P —AHBREOEEYZ TS &
Ezbhiz, UEOFKERNLS, K marvianus KD-15 3
TV VBEOREFEROFET ThEmWI—ARITA D
Fleerx /—IVEREZEL, F—ARITA 2k &
L 7= BEfBE ~ OB A RR SN,

# O

KD HICH-D, WHEAREFEORMEEE LUE
B OWTTHRE W o2 & & L o IASBE K FRmEE
DrEEM O/ NEAE BRI R L B, 7z, BE
B OBE BRI ST L CTHRWARE £ LR
AR S B RIE OVERRIIER, = H RERICER# R L L
Fd, Flo, RIAN—IT—FaREL Wil EE
L72EBH A7 IV 7 RRE IV 7 O A T AWR9eRTH:
MBAFEPI IR OHFRMFE—RBEE, R LHREOFRN
KREPERICREH B L B E
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