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Influence of Culture Conditions of Rhizopus on Yeast Alcohol Tolerance
in Rhizopus Culture Liquid — Note —

Toshimori Kadokura*, Satoru Hatai, Hiroaki Honda, Atsumi Nakazato, Takichi Kaneko, and
Masahisa Takeda (Department of Fermentation Science, Faculty of Applied Bio-Science, Tokyo University
of Agriculture, 1-1-1 Sakuragaoka, Setagaya-ku, Tokyo 156-8502) Seibutsu-kogaku 85: 115-119,
2007.

The culture liquids were obtained from aerated cultures of Rhizopus javanicus in synthetic medium. The
culture liquids were used in production of sake, as well as in effective recycle of biomass. In this research,
the growth state of R. javanicus at the time of culture liquids preparation, the influence the culture liquids
gives to alcohol tolerance level of the yeast, and the amount of enzyme production in the culture liquids
were investigated. The culture conditions of Rhizopus greatly controlled the yeast alcohol tolerance at the
time of the culture liquids preparation. The culture liquids did not stimulate the yeast growth in the
medium containing ethanol, when prepared under aeration at initial pH 7.0. Similarly, the culture liquids
did not stimulate the yeast growth in the medium containing ethanol, when prepared under aeration
without ZnSO4 and Fea(SOy4) 3.
mycelium, the stimulation was strong. It is assumed that the effect of stimulation on the growth of the

When Rhizopus of the culture liquid formed a pulp mycelium or aerial

yeast depends on the physiological function of Rhizopus being altered by the mycelial morphology, and the
amount of growth of Rhizopus. Multiple kinds of enzymes were produced in the culture liquids, and those
are expected to be utilized effectively.

[Key words: Rhizopus, culture conditions, mycelium, microelement, ethanol tolerance]
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Table 1.

Components and influence of the culture liquids of R. javanicus obtained by different of incubation time.

L Acids Formol Reducing Amount of Growth of
Incubation time of . .
Rhizopus (h) nitrogen suger pH fungi yeast
) (ml) (ml) (%) (wet mg/ml) || (OD at 660 nm)

0 0.6 6.9 10.0 6.0 — 0.00
24 0.7 6.4 9.6 4.2 2.4 0.00
48 1.6 5.6 9.0 2.5 6.2 0.58
72 1.8 5.3 8.8 2.3 7.1 0.65
96 1.9 5.4 8.8 2.3 7.0 0.68
120 2.2 5.4 8.7 2.1 7.2 0.65

The culture liquids were obtained from the Waksman’s medium containing 10% glucose, 0.5% (NH4)2SO4, 0.1%
KH2PO4, 0.05% MgSOy * 7H20, 0.05% CaCls * 2H20, 0.005% ZnSO4 * 7TH20 and 0.005% Fea(SO4)s in 5 [ jar fermentor.
The cultivation of Rhizopus was carried out at 30°C under aeration of 1//min and agitation of 1000 rpm. Yeast strain
used was the sake yeast (S. cerevisiae) ATCC 32700. Yeast was cultivated in Wickerham synthetic medium (containing
11% ethanol) at 25°C for 10 d. The concentration of the culture liquid added to the medium was adjusted to 10%.

7H20 0.005%, Feg (SO4) 5 0.005%) ZHWT, B
BiCh RN, #05 pH, RiMufnk, BRA& 5
BIEAEZ THEELL EEKIIAH (ADVANTEC
No.2) ZHWTA@L CRLIEHEKE L.

INOREEREI A Z CTHRM L 72 Rh. BB R DB T
V3 — VISR E S RIE T B DWW T, BT D
[ERE I IEERERE (S, cerevisiae) ATCC 32700 7% (34 kK
E L7 YMGIAREHIIC T 30°C, 48R, 2 [alkéfk %Al
Rk, RFERLEBKZ10%EMLIZX /—)11%
% & ts Wickerham &R (7))L 72— 3%, pH 5.5)
WCHEREL, 25°C T 10 HREESE L 72, BEREOMIEEIL Y
FHEF (P 660 nm) TWIEE ZHIE L, EWEICX
0 BRI 2 e L 7z,

Rh. B DR MIBUZ IR D [T Rhizopus D HHE
e & 2 EREE (ml) C, 7 a— A MBEERRCHEE
(%) T L, Z7:, AREISHITIREL L 72 Rh. B5EEF
WIFEAET I /VBPERI NV, MEEE=R
BT MRE (RIVE—ILHEE) DHEICLD RLVE—
WVEFEEE L T1/10 N KT MY 7 2 ORER (ml)
T T 27200, EBLUTATE D HTIEEM O (25 > THl
ELT. EH0T, pHIZpH A =X —I2T, Zadf&IC[EIL
L72EEIE A 7 X582 (8G2) ITTHRS|AEL, BE
RELELTHELY. £ RIREONREMREEDD
—DOTdH 2 AMEEE & Rh. BB OBEE T )V 3 — )Ltk
NDOEEBLRET 2700, BERTOBELS, a7 3
T—¥, BIOBEINRF O RTFX—ER, Fva—
v Fy a—v UEEESHTS ) — X T, Y- R
HAFTHER N ) 7))V T NE-T X N7 3—"7T, Wikt
TaT 7 —=BINRS D DFFEIH - TRERE & LT
HE L 7.
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F U DI, BEEERIC X > TRIREOMIEEAZ T
BILEWEBEZLNDLD, BIRS v —T7—X2H—IC
T, #%E 1.0 /min, FHFEH 1000 rpm, FEERE 30°C
TRLFEFER 2B L 72, BRI 1200 & LT, Z
DEIREREFNTHUR 28I L, R )L I — VIR EN D5
et Uiz, kb, HEEREOBGHIOWTIXREHE L
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REE] D R FEFERISINTIS, BERE DI IA &3 O el 1Ak D
T 0.00 THER 9, FERET )L 2 — Uit D BEsRIE R 1
o7z, 7 A8 AR DB E TR N C I BERE DS
L7zhs, 72 BRI DARE Tl 2 O ER B 2 -
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RIZ, Rhizopus DIEEREE TH 2 AWK A RIS O]
FpH % pH 4.0 5 pH 7.0 TEAL X &, Bk OB J5 7k
TP > THREFRIFHIE 725 & L, R BFEW 2 FHE L C
BEtL7e. BB D 5y & 2L Table 21T/R L7z, R
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Table 2. Components and influence of the culture liquids of R. javanicus obtained at different of initial pH of the

mediums.

Initial pH Acids Formol Reducing pH Amount of || Growth of yeast
in medium nitrogen suger fungi (OD at 660 nm)
(ml) (ml) (%) (wet mg/ml)

4.0 2.1 4.7 7.9 2.1 7.1 0.28
5.0 2.0 4.9 8.6 2.2 7.6 0.65
6.0 2.0 4.5 8.8 2.2 7.3 0.61
7.0 2.0 6.0 8.7 2.6 6.9 0.00

The experimental conditions were identical to those in Table 1, except that the incubation time of Rhizopus was 72 h.

Table 3.
in the medium.

Components and influence of the culture liquids of R. javanicus obtained by difference of carbon sources

Carbon Acids Formol Reducing pH Amount Growth of yeast
source (ml) nitorogen suger of fungi (OD at 660 nm)
in medium (ml) (%) (wet mg/ml)

Glucose 2.1 5.3 8.1 2.2 7.3 0.62
Starch 2.3 6.2 0.3 2.6 9.6 0.48

The experimental conditions were identical to those in Table 2.

wEVRO, RED PR D ZENEREI NG, F
7o, BICHEREIZOIR pH 4.0 TR LKL, MEMELS
Moteh, REERTAEED Rhizopus DIBEAREIX 6.9 ~
7.6 mg/ml TEHERAF R o7 TS ERKRDRE
TV 3= )VIEAN DB DWW T, ¥ pH 7.0 TR
L7z Rh. BEBWRIIITIE, F ol {BENMHEY T, B
PR CRRSL L 7o B8R I IZmIFR D o 72, Lo,
7€ pH 4.0 TS L 705582 Cld )% pH 5.0, pH 6.0
DFNREDHRTH Y, oL EEEEZIND
TIEEAEZEONDRLZWZ END, BT IV —)VIHEN
D5 BUEHAT Rhizopus DA RS T IT L 5D b Tl
<, BEEPREIIC X 5 T Rhizopus DB IRRES L OAHED
R LITLDbDEHEINS,

Z ZTHRBYIRE? D, RIREIC L DBEREEICS
WTHERBRICI VRO AEEN R LD &AW
FHEDINTVDLZE2EEL, RREAREHODRE
R, BRERAERS T TR, REMREEEE
PE L DR EME AT LT, Fe, BEREEICOWTIERA
BEBROF L RMARELTOENTHE EEALN
5. Rh. BEARROMMI, ARG R O R R %
TN A= 2 WET > T > AW CHLEDEEE HkIC
- TRRBL 72, BRI Dy & B D 2 X Table 3,
Bt R R RGN & LT Table 4 1R L7, BB DY
EREWRZ 7N A= L LIGAIIEINE TEREED
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Table 4. Enzyme activity of the culture liquids of R. javanicus
obtained by different of carbon source in medium.

Enzyme C sourse

Glucose Starch

(U/ml) (U/ml)
Saccharifying power No detection 24.5
a-Amylase 0.04 No detection
Acid protease 0.8 0.6
Acid carboxypeptidase 600 650
Lipase 1.2 0.9

The experimental conditions were identical to those in Table 3.

BRTHoTD, T2 7> E LG EITIZETHENN0.3%
&7 L, Rhizopus DGR LB T2 7 2 L E 11
HEINLLDEEZ LN £, FLVE-LVEEER
136.2 ml &5 T4 L, BROWFEpH 2 7.0 LichaE

FIEEETH Y, BEAEEZ 9.6 mg/ml & REFE V)L
I—RELRLAELIV S ok BEREIIOWVWTE, 7
VaA—=Z WG AR I T, 77
PERWREGEIZE a T I T—E0RE I N o 7.
LaL, T 7yttt im 24.5 U/ml
EEml, UN—EREFEIP-. ZOMOERIZOV
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Table 5.
medium composition.

Components and influence of the culture liquids of R. javanicus obtained by difference between culture method and

, Presence of . Formol Reducing Amount of Mycelial Growth of

Culture . Acids . N

thod microelement (ml) nitrogen suger pH fungi morphology yeast
me in medium (ml) (%) (wet mg/ml) of Rhizopus (OD at 660 nm)
Shaking  Addition 2.9 5.6 7.7 2.4 9.3 Pulpy 0.30
Shaking ~ No addition 1.8 6.5 7.9 2.6 4.1 Pellet 0.01
Standing  Addition 2.1 5.9 7.8 2.4 8.5 Aerial mycelium 0.36
Standing  No addition 1.8 6.8 8.7 2.9 2.7 Aerial mycelium 0.16

formed spore

The microelements were ZnSOy4 - 7THoO and Fea(SO4)s.

The experimental conditions were identical to those in Table 1, except that the cultivation of Rhizopus was carried out in Sakaguchi

flask by shaking on 130 rpm for 72 h or standing for 14 d.

TiE, EBORRERELTHRERVEZRELI I
N, REWEZZEZ T Rh EER 2L 72720, $ELE
HFERITENYH o7, INHRFBFZEZTREL
BB DEFRET )V 2 — VI~ D BT OWTIE, 7V
O — 2 THBL L 7RSI CIARTR £ TOR & IFFE
FREDHERIE CTh »72. L, T 7 TR
556 (& Rhizopus DIEFER N % h 572 b DD, RO
JEEH0.48 L E T A% L, RO T IV I —)LiitEEsalE
F 73 Rhizopus DIHE 8 Tld72 <, Rh.FEER P DRIV E—
WVEFEE, BIUOEEINDEEEDHELR ED Rhizopus
DEBITHEINTVDE LD EHEEINT.

—77, Rhizopus DEBIRRED Rh. R DR T )L 2 —
VISR E IS B 2 R T 2 EE A LN,
BErp OSBRI L o THEBR O & L ATZREIC
HENHDZEPHEICID INTWDEZEREELT
B L7, ZOBED Rh. FERORES, AIKEHAK
Bt D ZnSO4 * TH20 & Fes (SO4) 3 Z¥RINE L O
e L, BERPIEED 2 VIFHEREE L. 7k,
BEAFRIEROT7 7 A2V, REREEIRER 130
rpm, 72§, 30°C TTVY, FHERFHE 13 Rhizopus DIEIH
EVRERSE ERBEICR S X5 IT14HE, 80°CTir-
7o, BEEEWR DR &L Table 5 IR T & 2 ITIRERS &
CBWTIE, MEILETH S 7ZnS0, » 7THoO & Fes (SO4) 3
UL 7256 [CRA R, R EDNE L, Rhizopus
F OV THRICHIE L 72, 24U L CERMOS A 12,
BMEMEL, RILVE-NVERENS L, BEERETHE
TERIBMDL LT &V L, ERFEDER S mm §
"Dy PROWIETRLE -7, HEEETIE, W=
TERDOUM, BRI TRHRECHE VENDR L, REE:
T METLRERNEFABETH > 72h, FILE—IVE
FEIIEHRIMNTE o7, Bk IMETERNTY
7L, BEEEPERIND 3ELELNZ ED, WD
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anRe o, Z2LTC, BT VI — )Vt EIEH
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o TEEBRPZITZEEZLNTEY, EHlHAEDL LTI
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20074 %35

= #

HEEEE BIUONA T Y ZXEFRICS T 2E6%EH
ER LT, RIREGREEH % A\ T, Rhizopus javanicus
12 & Y Rhizopus B3 W 28 U, Rhizopus DRSEREE, 1
JOAEBIIRED Rh. BEE W ORFRET )V 3 — VI I ZUE
THEBIZOWTHG LY. RhERREZRAUT D2EBED
Rhizopus DEEFER;HE], pH, MK L > T, Rh 5#E
W OFERED 7 )V a2 — VISR IERIZZ L. Th
&, BEEWHARRHTIT D Rhizopus DIFEIREEIC L > T
Rhizopus D AIRE, HIEENZE L, Rhizopus D
RS R 2 LITL Y, MDA RIRET 2MED
EREICREDNDH D LD EWEI NI R BEERITIIE
BEQ T )V 2 — VAFHE TIC B DRI R0 T 2 RS
D, FHEHELEEINDD, BEHTE 206
Wb b,

X [

) MEFRSE, FHEE HIEA, AR, afF
BB BT, 74, 167-170 (1996).

2) FIBFISE, dhBESE, FrHIEA BEl, 86, 679-683 (1991).

3) FIERISE, W9, SfEke, RERESE HIEA
il , 87, 394-396 (1992).

4) HIEFK—, RS, BT & S REER S A
WFEET RSt , 6, 5-9 (2000).

5) WIHFEE (W)  BOFIHTZE (MEM TE#ES), p.89-
104, 37 HHAR (1956).

6) FHmE EBTRESINETER EREESZAES
fii), p.13-33, HAREEE T2 (1993)

7 NREME BAFE R RE REBEMTF &
2 2EHF, 29, 61-71 (2003).

8) Morita, H., Shiozawa, M., and Fujio, Y.: Mycoscience, 43,
283-287(2002).

9) {EEERER, WA R MHBEERE, @EV— EWTE, 81,
2-5 (2003).

10) Zhou, Y., Du, J., and Tsao, G.: Appl. Biochem. Biotechnol.,
84/86, 779-789 (2000).

11) Hagq, I. U., Ali S., Qadeer, M. A., and Igbal, J.: Process
Biochem., 37, 1085-1090 (2002).

12) Du, L.-X,, Jia, S.-]., and Lu, F.-P: Process Biochem., 38,
1643-1646 (2003).

13) LN : Bl 87, 101-106 (1992).

14) Mizoguchi, H. and Hara, S.: J. Ferment. Bioeng., 83, 12—
16 (1997).

15) Izawa, S., Takemura, R., Ikeda, K., Fukuda, K., Wakai,
Y., and Inoue, Y.: Appl. Microbiol. Biotechnol., 69, 86-91
(2005).

16) Higashiyama, K., Fujikawa, S., Park, E. Y., and Okabe,
M.: J. Biosci. Bioeng., 87, 489-494 (1999).

119



