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ot} o3 ARl RET Bd g9 &
& FE 9A AN n@sAE AF3)
n#Eolol & Aol ¢HL FEY YIS
AARE FANIe A7t g Eol A
5ol gk oI E 2E W da i
Hog 7l&dte ¢H, 53 B 2 vz
€ A Fo At ¢=g A P
T 9% oty 15 iU Fd) i) vim
F A AHERID 25 APdAozT ¢4
e A dd =93tux I,

1) 324 tfLdtH (Batch Culture Process)

A3 & HhE d5FHo2 FHEH WP
g3 F2 FYPH gt oI} FS FA
7h A AAd FES o] @AVt A
HA7AA FBed Aol Agdy. W, ¢
ZLo AAHEE e X W wAZEs v F
A FEBA A7) Wi AAFo=z &
& AN ZFAE 2T, 28y 2E
Z W9 FAFsErt St e d=28 ¥
52 HA =k 5~6%((v/v)d &2 F
T o]E w7A] FAY FH ALE. @
B 3 o3 FxoA A FHL FoH
U g¢a3g AL AS JPH HFe=(12
~15%, v/v) ol =@3A vt waE D7l
dolA e HF ¢2& TR LYAEE U F
AZFol BAQC] A ¢RL T MW
(Alcoholtolerance) ol ola] ZA A, LA
He] 43g F=7t 27 o FAe ¢3¢
JEo dsl ALslrsy 52 ¢3E B
ANz A Ha 7|de] EAste & ¢=
€9 AL ALEd gy 2Ex Yo &

=

A& FEZF A O o AE F ¢
Lo o]2W, A MET 2 dFE& A
Al&go] mtF Eo] dFEo A A

I ade d2e FE7F g0

i1 Fx7t 2 Aotk

2 HF €¢2¢& F=E ¢ AsiMe W
F 2714 €T 4 BEE(EED) S HL
srodol ok, ay HEX W VA Fx
7t 10% °13°] HE 3%, o 7144 9%
FEee gL Lol A F2)o] A& (Sub-
strate Inhibition) 5|0 #FAe ZFA&xr} 7+
283 gREY AMG =G FaEA @)
olg g EAAE A Wz FANE
=2 FHANA L& T2 Y 274 F
Aolth, o]s} Zo] st T F47)
G2 A7 G3E AAS G 2U)RE
AANA ¢2E AL THAE 5= Uk
g2 Wy o 2 §7H %(Fed-Batch Culture)
E 4 Jdth(Figure 1a). ¥5¥ 714 &9
$ BEZ YR Ad&Fos 42%H FFIEE
M EE F AvEHe JAS RS Haz
Wel 713528 WA #X3td 7184 &
A F29 AHE ZANNA Ld3E YA
< FAE 5 Ao

2) QigA HH%Hg(Continudus Culture

Process) ’

AL wdde =A CSTR (Continuous
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Reactor)i el 5714 ez 78 + Qi

@D CSTR3 e ¥z

ATE TENAI HEx W 9AsA A
Aoz MAHL FYHe ¢ iz 9
H2 et (Figure 1b). 232 WA F
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Figure 1a. Fed-Batch Fermentor,
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Figure 1b. CSTR Fermentor,
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Figure 1c. A Cascade of CSTR Fermentors.

—»

7

Figure 1d. Cell-Recycle Fermentor,
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g, §# N CSTRY 2ix= 438 A
ML FIe PR IRE fE2HE
ZAE 539 A HEx22Z FAANF= &
A 344 BEZ (Cell-Recycle Fermentor)
g AZY 4 U (Figure 1d). A A%
goll & FHEZ Yo FAFEE IAUA
F7HAE F lemz FA HFE A @&
CSTRE #dazd uls 42& AIEE 10
¥ o) ZVINZ £ Atk a8y ol 94
§ e BFZE o)FoA o] E& F U=
Fzg FEd FAA4 Ak

@ PFR¥ 4 23z

PFR¥ & Flidized-Bed3# Packed-Bed
o2 }E 4 ot Fluidized-Bed¥ 9 7
2 WS ¢EZ sldes ¥ {FYANA 3
do 2 §2A7H(Figure 2a). TA9 4
Fg B3 x ddoA oL FF &

FEE FYQ X9 2AE YA
2 A7t (Residence Time)ol s} ¢
gtk ol59 @A LTI X Yo AU ¥

FAFEE FA387] e Hojv. T4,

= Wy oez CSTRY: PFPH
A8 e A7 4 Ak (Figure 2b). A
WA oA Z CSTRE 2iEz2E, FHUAZ P-
FR¥ WHazE 44X} CSTRY Lhzd
He A 559 712498 fd3tq TAE
gAEA Z2ANA, 94302 PFRE ¢33
Z22 F9A20Y, 8. PFR3 ¥3x=
e = E 3 n¥Ed 713848
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FE5E FAY FNEEE U S FENE
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A g3 wZFY k7t &A% Y E:E
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Figure 2a. PFR Fermentor,
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Figure 2b. Combination of CSTR and
PFR Fermentors,

Figure 2¢, Fixed-Bed Fermentor,
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Z< Aspergillus oryzae 32 2E Prote-
olipid& ¥t WRu R H7laled Bg},
Proteolipid& #2o2 wxo H713l9&
e HF ¢3E TET AUsiA & A
o Hla) 50% °I’d FrtstHen #FAFTE =
g AAZ7E Aoz BHaE AUt Proteolipid
o] A A} A FEo EMo o A
©] 58.5%7F XA =2 Ho 3 1 Fo 78.3
%7} Phospha-tidylcholine2. 2 o] glt}, o
2] 2 Phospha-tidylcholine ] ¥4t Bzl o
52 233} 194 linoleic acidZ o] ¢
t}(Figure 3). 3%, Proteolipid & w3
qFL 20~30%5 AA s At Jin 5 (1981)
< ¢3& wFuA o Phosphatidylcholine 3}
egg albumin® ¥z o7 Hrlstd CSTRI
of AFEA d&ugoz e ¢3g N4
< 50% °1d Z7HANAT R By

CH,0COR

(leOCOR

o

CH,0- P|— OCH,CH,N* (CHas)»
|

0

R=palmitic acid 11.7%
stearic 4.0%
palmitoleic 8.6%
oleic 9.8%
linoleic 55.0%
etc.

Figure 3. Structure of Phosphatidylcholine.

Shin (1984) & <¢=-& wA WA o] Phospha-
tidylcholine#} egg albuming #4302 7}
st FAZAFH g3 WA o 28 &
zte] AgFol tha] 4% K o4th Phosphatidyl-
choline 53 7} Z7t&el wat ZA Y FHEE
7} 271893, egg albumin X9 Z7] u}

g 15 £t Zaste AEe d72%94.
3, HF 43¢ FEE Phosphatidylcholine
TS F71E Ao e 743519 T Phosphatidyl-

choline 2] &3] 3}ol] egg albumin FE& =7}
NAEH AR F713S 1% egg albumin 5
TN 30% °14 FUME AT BuEa Q)
ot ol AAE T BE X3 A
3ne FAETE Z7A)F|E W, ergoste-
rol#} egg albuming #H 9 YL VAL F
WA 7= Ao 2 vesith

2) #Hel MEE HEAF|= oiFIHE

O #AY TH&=

daujR o FFol2 2H FZ¥ Proteoli-
pidE A7t & F28 oA Ao A%
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EAE o FAe AANHez A Rape A
A& HaMAZ ¥ F53%9 9t #3
< B3 dAALELR RolA WA F
A& Rolt}t, o|FA dto] AAFHY dFE
AA st de AdY SRS SN2
Aol AAHo R FAFY £x9 FUE
7FR & Aol
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A dE F iz e zAEo W3}
ol a2t 25 AgH 7t v I S
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Table 1. Fatty acid composition of
Aspergillus oryzae-proteolipid
(Hayashida et al., 1976).

Fatty acid Content (%)
12:0 0.4
14:0 0.0
16:0 15.6
16:1 0.0
16:2 0.4
18:0 3.8
1811 14.3
18:2 59.0
18:3 3.8

Table 2. Fatty acid composition of the pla-

sma membranes of S. sake grown

in the medium supplemented with

or without proteolipid,

Fatty acid None(%)

Proteolipid (%)

10:0 10.7 5.4

1210 134 7.2

14:0 10.9 9.2

14:1 0.6 0.4

16:0 39.2 35.6

i6:1 7.5 2.6

1810 5.1 5.2

18:1 6.2 8.6

18:2 5.6 23.0

18:3 0.0 1.6
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712 3. ARz EX3} Eadn agd g
R de dFEE 84 F 3. Da-
miano®} Wang (1984) & 2 Ru[x] o] diFES
A7tste) CSTRE #A3F2 HHEFOA &
2 LEE JAUS A aHFY FUHF o}
<8 43I Aol 20% °ld 7ML
39, 283 Kawaharada 5 (1969) &
Fadg GauA e Hrbste] HAA Y

2g FTEE F3AAGT BudHc. 4
ergosterol® T%7} Wls=sln wlsd ATt
AT A stigmasterold FHI HEAY
f, & 93 F, SFFH, UER, R F

2 ol8¥ 4 U
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4 K

(Optimization)

T XY 5 Ax vgol T AA = &
AFARY AR w=A Faseh AT
A3 AN BHEAe HE dIL F
& 2R3 Y ds =9dstnz o
TR Azxe Lh TAY LTHEAYE ¥
%3ld ¢2& T2 E w3lv FRITEez U
¥g 4 9ok, Figure 4914 B= uig} o]
1 gallond] $9% ¢I & FE9 FHL A=z
grn & o, BaY 43 g T Ko
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Figure 4, Optimization of Ethanol Production,



63

]]] 73 % S. S. ! Performance, kinetics, and substrate
utilization in a continuous yeast fermenta-
ZRAANZE 95 4L FFAAN e & tion with cell recycle by ultrafiltration mem-
&

Fro gide Ay dsiAE FE2 branes. Appl. Microbiol. Biotechnol., 21, 69-

s ¢3g YA e 1 77 (1985)

o dA BFEHoe BREi), oS3 5. Hayashida, S., Feng, D. D., and Hongo,

g, ¢aEMA Fd B3 At RS 3 M. [ Physiological properties of yeast cells

o + A A} ergosterol & AL grown in the proteolipidsupplemented media.

A7 gy wEde] ¥E IS 5w ¢F Agr. Biol. Chem., 39(5), 1025-1031 (1975)

& AN E BT FAANY = Jrd. o) F 6. Hayashida, S., Feng, D. D., Ohta, K.,

29 E o8 A7tE A4S0 FA U= §9 Chattiumvong, S., and Hongo, M. . Compo-

Hol FAlo ARAL HIAA FAd =& sitions and a role of Aspergillus oryzae-

T 9 gFL ha PAL =oA7] Ao 7] proteolipid as a high concentration alcohol-

Aty Azt ol FAYge 9454 2 3 producing factor. Agr. Biol. Chem., 40(1),

B4 28 25 $8E F glon, oE 73-78(1976)

AHEAS dPFH e g 42 dAst 7. Jin, C. K., Chiang, H. L., and Wang, S.

7} 5 &t S. : Steady state analysis of the enhance-
ment in ethanol productivity of a continuous

N. 7‘9,‘ -E—ﬂ fermentation process employing a protein-

phospholipid complex as a protecting agent.

1. Alterthum, F., and Rose, A. H. . Osmotic Enzyme Microb. Technol, 3, 249-257 (1981)

lysis of sphaeroplasts from Saccharomyces 8. Kawaharada, H., Hayashida, S., and Hongo,

cerevisiae grown anaerobically in media con- M, . Influences of substances on formation

taining different unsaturated fatty acids. J. of high concentration alcohol. J. Ferment.
Gen. Microbiol., 77, 371-382 (1973) Technol., 47 (11), 689-692 (1969)

2. Andreasen, A. A., and Stier, T. J. B. : 9. Shin, C. S. ! Analysis of the factors which
Anaerobic nutrition of Saccharomyces enhance yeast growth and ethanol produc-
cerevisiae. J. Cell. Comp. physiol,, 43, 271- tion. Ph. D. Thesis, Rutgers University,

281 (1954) 1984

3. Cysewski, G. R., and Wike, C. R. : Utili- 10. Thomas, D. S., Hossack, J. A., and Rose,
zation of cellulosic materials through enzy- A. H. : Plasmamembrane lipid composition
matic hydrolysis. Biotechnol, Bjoeng., 18, and ethanol tolerance in Saccharomyces
1297-1313(1976) cerevisiae. Arch. Microbiol., 117, 239-245

4. Damiano, D., Shin, C., Ju, N., and Wang, (1978)



