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Cultivation of Candida utilis using ethanol, acetic acid or acetaldehyde as carbon
source. Urakami, T. (Niigata Research Laboratory, Mitsubishi Gas Chemical
Company, Inc., 5, Enoki-cho, Niigata 950) Hakkokogaku 59 : 501-511. 1981.

An ethanol-, acetic acid-, and acetaldehyde-utilizing yeast, MG-1, was isolated
and identified as Candida utilis on the basis of its biological characteristics and
coenzyme Q system.

Batch cultures of C. wtilis MG-1 were carried out with ethanol, acetic acid, or
acetaldehyde as a carbon source. Optimum concentrations of substrates were below
0.3 wt?% for ethanol, below 0.05 wt?% for acetic acid, and below 0.03 wt% for
acetaldehyde. Optimum temperature was 36-38°C, and optimum pH was 3.5-4.5 for
growth with these substrates.

Continuous cultures of C. utilis MG-1 were carried out with ethanol, acetic acid,
or acetaldehyde as a carbon source. Cell yield increased slightly with dilution rate up
to the practical dilution rate (D, hr 1), and the contents of crude protein and nucleic
acids also increased, while the content of amino acids remained constant. The contents
of crude protein and nucleic acids decreased in parallel with the increase of tempera-
ture but the content of amino acids was constant at 28-38°C. At a constant feed
concentration of 5-60 grams of ethanol per liter, the D, was approximately 0.50 hr!,
the cell yield was approximately 80 wt%, and the content of crude protein was ap-
proximately 58 wt%. At a constant feed concentration of 10-60 grams of acetic acid
per liter, the cell yield was approximately 40 wt%, and the content of crude protein
was approximately 59 wt%. The D, decreased in parallel with the increase of feed
concentration of acetic acid, from approximately 0.43 hr~! at 1.0 wt% of acetic acid
to approximately 0.30 hr™! at 6.0 wt%. At the constant feed concentration of 10
grams per liter of acetaldehyde, the D, was approximately 0.18 hr™!, the cell yield was
approximately 55 wt%, and the content of crude protein was approximately 55 wt%.

The concentration of cells and the productivity of cells increased in parallel with
the dilution rate and the feed concentration of the carbon source. At the feed con-
centration of 6.0 wt% of ethanol, the concentration of cells was approximately 4.8
wt%, and the maximum productivity of cells was approximately 24 g//-hr. At the
constant feed concentration of 6.0 wt% of acetic acid, the concentration of cells
was 2.4 wt%, and the maximum productivity of cells was approximately 7 g//-hr.

Of the three substrates, ethanol was the best for C. utilis MG-1 with respect
to growth rate, cell yield, oxygen requirement, and heat of fermentation.
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DOEWEIZH SN25H - 125, 19674 Hernandez &
Johnson ¥ 4 Xk UF Johnson, ® ¥ 7219684 Harada &
Hirabayashi, ® KJR578 &5 L OF Mor & Fiechter?
DOWHELUR, ZLOPFRBCIIAREIN TS, —-
0, BeR e B R EEEQEE & U TR T g, 196142
DINE OBESRIEBbNS. T, Sandor
%, Macher, 1% Johnson, %' FH#| & FT# & &
UHEH 62 & 0 Z  OFFRREALYEB R LS 3 1,
THELK, LD E»HLNSE. —F, CYEHEL
Tx 4/ —, BEROMICT & 7T & P 505,
WEF TIERICE hELIhTz sy BERA 6N
BNESThHA.

T2/ =, BFEREILHEEEEE LT, RS OB
DPREIN TV AT, BEFIC OV TR INTHE
B3 &5 L, Candida utilis, 514,197 Hap.
senula miso,®

Candida tropicalis,?*3" Candida methanolica,’®

Saccharomyces cerevisiae,?,30.31)

Candida inter-
media,® Candida lipolytica,*’ Candida sp.®®
D4BIFMDODATH A. DS B, Candida
Candida methanolica 33t 1" Torulopsis
methanolovescens (3 x 7 /. — L H5,21-20,88) 35 v r5RE
Fet. 5. 1419.20.80) IR EBETRE I N TV % D%, Han-
senula miso, Saccharomyces cerevisiae, Candida
sp. i3 %/ — VT, %1, Candida tropicalis,
Candida intermedia, Candida lipolytica |IEifRC
DOHREFINTV S, T2, ELREEH TOEGTE
Zx s/~ nRFEHEETH Candida utilis,? Sac-
charomyces cerevisiae®® ¥ UFRiER % 2 & T
% Candida utilis419.20 33t X 1, HESEIE T
DGR, T &/ — Ve RE LT % Candida
utilis 21,%2,24,27,29) ﬁ;gﬁ%gﬂf“%q(_@*g{f;m,

EFIZI9TMELIR, HARSBOLHES LKL ED
LEEDTE/ — v BV IFREC BT 2 R L
7. ZONMEKD S, T8/ -, BERELUT €
FT AT R FRHENERICEILL, »OEBRED
FV MG-1 B2 RY, TOBEENHERF . 3
51T, MG-1HZATx 4/ -, FREIU7 &
M7 AT R FRENZTNRER ST 2 ES S X UER
HEPRS, HBEEHEPRET S L L bIL, BAEY
BEAEERAEE LTO T h 5 O WED HE %47 -
1.

Torulopsis methanolovescens,®

utilis,

® B F &

BEBOSR KL OFRUZEBLIDZZ /-
Wb BHVIIRERRECHERER 2R T 210, T4/ —
V0.5 wt%d AUVIIEERR 0.2 wt% 2 St MR
(pH 4.5) 20ml %» 100 ml B=MA7 5 2 2124801,
CHUCERI2IRIML, 3TCTHRE 5 5 & 2 ER7E
FER 20 HRUI.. 0%, FRIEERZTO, 55
Nrzan=—2RHEMICEURELI.. ok, X
Lt & UC (NH)2SO04, 3.0 g ; KHePOy, 1.5 g ; Mg-
SO4:7H:0, 0.5 g ; ~ T Efk, 30mg ; CaClz:+2H:0,
30mg ; MnSO«-7H:0, 5mg; CuSO«5H:0, 0.5
mg ; 7K 1,000 ml % 7z, SERUS#E L OIS
& UTOMAEICER 2% 2R INUIZ 0 2 M0
To. DEELTIBERID S b MG-1 Bk % LI £5ic B
W

BBORE L BSOS E¥NEE IR
Lodder & OJHEE 5 L UERE S © [BROSEREE
1 2EBUTT-T70. b, FEMtcoLTI
Durham 7% % TV, BB OB >0 T
auxanagraph ¥ % fHu 7z,
coenzyme Q # 4 7D W5 T
Yamada 5 OFHEIC L b T-10.

T73RALCKHEREE  BIORSEMARH 100ml
PEUCVIRE=MT7 5 2aT3ICTIRE S (220 rpm)
HERPAT - 10 EDEEORAR & U TOBRA S
EEU DR, CORMICKRBRZIMAT.

IOy —[CXDESEE EomERD
400ml %31 1IAI= Yy —%HNT37C TF
SE 0.5vvm, < 2A¥K 800 rpm TEEL L XA
REB%2AT - 12 HEBRPOBHFRERE X 4ppmbl L
Wign X5 lic. pBERIKE hEERPD 2/
— VBB LTS, ZFhR 400 ml DBkiC 2 EET
CEREIHEMR LT, 2B752aBLVI= Dy
—~ COEDEETIE, A58 LFH U RRFROEHEH
FARGH T AR U fo B0 CERM, RERRRE I
100 ppm LUF) % 2 %8R L 12,

MiskE®k  Table 1 WWRULI: 31 0 55ib% & O
WIRY x—~7 7= A Z—2HNTpH 4.0, BX
B1~3vvm, »<i3A¥ 1,000~1,500 rpm DM
THEGERERT-12. B, EEBRROURGTREREY
ik 2ppm Y kiZZe 5k 5Lz, e D FHREK TR
H2T, BEEEEAICEEMRER (100 ppm LATF) #

Coenzyme Q
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Table 1. Composition of media for continuous culture.
Ethanol
0.5 or 1.0 wt% Ethanol Ethanol
Components . é&cetic acid 2.0 wt% 3.0 wt% Ethanol Ethanol Ethanol
-0 or 2.0 wt% Acetic acid Acetic acid 4. O W% 5.0 wt% 6.0 wt%
Acetaldehyde 4.0 wt% 6.0 wt%
1.0 wt%

C:HsOH*, CHsCOOH*

or CHsCHO*
(NH) 2804 1.08 1.08 1.08 1.08 1.08 1.08
KH2POq 1.58 3.08 4.58 6.08 7.58 9.08
MgSO04-7H:20 0.58 1.08 1.58 2.08 2.58 3.08
FeCsHs07+7H:0 0.038 0.068 0.098 0.128 0.158 0.188
CaClz+2H20 0.038 0.06 8 0.09g 0.128 0.158 0.188
MnCls+4 Hz0 5mg 10 mg 15 mg 20 mg 25 mg 30 mg
ZnS04+7H:0 5mg 10mg 15 mg 20 mg 25 mg 30 mg
CuSO04:5H:0 0.5mg 1.0mg 1.5mg 2.0mg 2.5mg 3.0mg
Distilled water 11,0008 1,000 8 1,0008 1,0008 1,0008 1,0008

(pH)** (4.0) (4 O) 4.0) (4 0) 4.0) 4.0

* Ethanol, acetic acid and acetaldehyde were aseptlcally added to the sterilized media.

**  pH was adjusted with 1IN HCI or 1IN NaOH.
Hah 3 ZFRERRAOFRK (practlcal dilution
rate, Dy, hr™Y) * L7:.

EWEOME 75323BLUI=Y—iRE
5 AR TCOEFREOREIZ, XRELAaHD610nm
BT AREERATLTRDI. TIERBDO—E
&% 12,000 rpm TIOEROSMEL, 1 EASELT:
OB, 105CT 24 MR L TREL, BERERR
Hiz. it,ﬁﬁmﬁxxvﬁlsnngﬂmﬁm
BRI SR 1z,

z&/—».h!ﬁ&U?th?»?tszl
TCORIH X2 v= r'57 7 4 ~iCELHRELI:.

COD ({E2pMEHRE) OER  #¥ LEBWD
DEBRYORZHAIDIC, B o aBH Y vARLE
ZBRREREE JISOHEY CTRIEL:. COBET
RESMERRILAY, FBERILAE, Covony
OBAERNMAMIZ EALIMINT, BRERRE
KEEhzv. —%, ElRE, B—H, Wity
aoﬂmﬁﬁmmwﬁmmaﬁaﬁﬁlu.%lla-
LTAINBZEVSREADH 3.

EERSORT  EEPORE, BE, AX2R
I ERSRE RS UM-3B 8 % v, XAl
X R ERIHTR NAL RS AIWTRD 1.

Hyonoak BERONARIC6.25%F 11
HeEs oy akELT.

7I/MAFBLUT I JRAR  BHHO7 3
JBOSBERNYTRT > VI T AT E FETREL,
o7 3 /B, HIL KLA-5 87 3/ BREASSHE
THEL. 71/ RARIISEED 7 1 / ROV
TRUI. - ' "

EMeRk EEHO RS &1 Schneider 3@
THHL, BREES LEITFERIXS % RNA & &
UTRL, Z0REERARE L.

B|KS ﬁ&ﬁ@ﬁﬁm,lkkuwﬁﬂﬁri
v E3 A i T Y

- #3R¥ (maintenance coefficient) ZHIREKL
¥&H¢¥Lb®§ﬂ®%lﬁ§®w%m6 MG
&“) %*&) Tb

MEERE SUNEERREY WEEOTEIN
BLUEKS SR O BEERERD . £HE» D
DEEERGRIE, BEEE 5 & U BENED 5
Darlington ! 35 + U¥ Chen*? OFEIC L bR i-.

BERDE, MXBERRESURMNE AXE>»5
DEEERRKIGR % AU THRRNICRIENE, NER
BREXRES L URBMERDIZ. B, BEEORE
#u2, Abbott 5 (D available electron U)%l&&
A3 BETRH U,

EX BEERDOx %/~ (99.5v0l %), B¥KE
BOFERS & UBNLERBRBO7 £ L 7 L7 E ¥
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(90vol %) %, EEROEEDOREEIRE U TRV

¥ 2

SREHEORE BARIOVZHOZ/ —-E
S URRE(LHEE 20 L To. T ONBERERD S b
&)=, BREIUTE 70T e FRIERICE
L, o, AFREOEN MG-1 2RV LLTD
WA,

KEBROI P MEE % Lodder'™ 5 D“The Yeast,
A Taxonomic Study (2R) ” EXHUTRER, %
T L - THFEL, MHaF2RET, MRl
BHETH ) FERT 2RSS, DRTFEERET,
telispore 2fERET, HoF /1 FEEPEELST,
BHEARRPERT 2 &5 Candida BIZIBS % Hibk
tEZbND. F72, DU Va—Z, va—rBE—X
BIUIT T4/ —2%RBEL, -7 VI, ¥a—
su—R, TINb—=R, TT 4 /) —=ABICLIRY
PERILL, *VEA—ABIVT Y 2T b—vBEL
w9, WREPEILT S &0 5 Candida utilis &
Bbni:.

1) MG-1& C. utilis CBS 621 & DfHREx
MG-1 & C. utilis DFEYERTH 3 CBS 621 DHERIC
DWTTERREN & & CHBERHEIC DD Tt Al
LIz A, -7 Yy b—LOEHEDH R - T
2. L l, foMERF~T—%L1.

2) Coenzyme Q MG-1 #: & C. utilis CBS
621 O coenzyme Q 2 1 T RF{H~iz L 5, Wk
& coenzyme Q7 2 L TW 1z, C. utilis (D coenzyme
Q247D THsC EiZ, Yamada® Sk bl
HINTAS.

INHORERLY,
1.

EE2E:t

1. B0 kiEd pH O IR/ =
% 0.5wt % BUEIDEE A2 A, 5% pH %
2.5, 3.5, HBXU 4.5 CFHL2sdi 5 EIFEEE 2T,
i pH OB RHETLIC. HMEEILTUIAI=
« Uy — R, BERERITCELI.. TORER,
pH 3.5~4.56 BRETH b, HIBEMEHEEL 0.5hr?,
BAEINENTS%, M2 oo GRS %»E L ni.

2. BHOBBICRITREHEREOCEE =%
/=W, BBEIU7 b7 AT FBEOEE S 7

MG-1 #% C. utilis LTREL

BB TS F59% B

5 A QRSB TH . REEEEIL 37°C, % pH i3
4.5 L1,

WMz r/—n  WHEIE/—VEER 0.15~3.0

wt % & UTHEERIT, HiBGt 9, 15RB%O
HEBERPREL. B#E2T 8/ —VBEIX0.3wt%
UFTh-12.

QR WREERRIEE %2 0.025~0.8wt% & LT
HE 2TV, REBEAHEL2, 18, 22MROETE %
AE LTz, BRI 0.06Wwt% AT Tah Y,
KERRIRE 0.6wt% DL LETREBOAETRA ALY
-7z,

@7 r7rTFelF @EFTEITALTE FRE
% 0.008~0.125wt % & U T 24TV, HARRE L
T URIFEF BB 2 RE U, AR, R
£ T AT FIBE 0.008 wt %, 0.016 wt % LU
0.03 wt % T£90.46 hr~1, 0.063 wt % T#J 0.28 hr™!
Thh, BEET7E 7T E FIEBFIZ0.03wt % UL
FEELNE. —H, 7€ 7 AT E FEE0.125 wt%
TREROEBTRA SN2 - 1.

TY /- ERRRET IERER

BT 2 7 — VIERE 0.5~6.0 wt % (Table 1), 17
TR 28~44°C, 153 pH 4.0 O&MTHL2OER
FTHEGRERE2IT, BEERRE, REOFRE (D
hrY), R LBEHEPO 2/ —VBES LU COD,
BHAINCE, 2o 8, 73/ B, BKBaEE,
MUK BB L UBHEOARER 2 & 2HEt L.

FREOEE HRNEISIUVREARSSE
EETHEREOEBIONTRA L. e s/ —
WVIRRE 0.5 wt %, REFEAY 37°C O EOR R »
Fig. 1 1RLT:. BRIER, RADHKE (Dr+
0.50hr™") ¥TC, WREDWINE & bwHETHMT 2
B A 64, TDOERAMEIZNS0% TH -1z, Mz
Ry ERBIFHREOHME & HIENL, 54~60%&
Uiz, L»L, 73/ BERRZEE—ETHT%
ThHo-T2. —F, BBRABRFREOMINE & gy
L, BE10wWt% Tdh -1z, HREOWINC X 3
Z oy SEOEME, KBRIBOHEMCEE DL
Bbns. dEdo KD SEIE FRED e &
b TN T 2 6@ 4 5 h 1o, HEEELBRRTO
COD 27 H*E 0.51 hr™! £ TK 200 ppm Th - 1205,
FHEKO. 54 hr ! YL ETHEMLI.. ChiBEETAT
B/ =nilX b0 EBbNB. 1o, HRREK (m)
X, 0.03 g ethanol/g dry cell-hr tEH IR T,
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Fig. 1. Continuous culture of C. wutilis MG-1
with ethanol as carbon source.
(C:Hs0H : 0.5 wt%, 37°C, pH 4.0)

EEBEEONE MR/ —VBE2wt%, B
# pH 4.0, RZEERME 28~44°CTHFTIEE 21T,
FREDOEEICOOTRE U, BAROFHHREK (D),
hr 1) 1, HERE36~38°CTH0.50hr™! Th - 12,
L OMEII D B TOMFEEE & 23S LUVETDH
. ¥77, 42°CTi30.28 hr! AL, 44°C Tidh:
BHLsd - 1o (Fig. 2).

FEFEK 0. 41 hr™! OB BT 2 EEICE, Mz~
NuER, TI/BEBBLIUBREERHE LT
BN, 32~40°CTRADME (J980%) »fEoh
tz. ME o BB, BEREOLAE S bES
TAEMMA NI UL, 73/ BSEi328~38
CTIRIBHEUIAT%TH - 12. —h, BBREEIIR
EREDO LA EEHETL, 28°CTHIZ%, 40°CT
8% TH 1. HWERED LA AL /8
BOETIRR, BBREBEOETILIEbDEEDNS.

HEEE, BRNELLU7 I/ BESBOHD S,

C. utilis MG-1 RO HEEBE 1L 36~38C b 5.

BRI/ —IREORE HHxs/ - BE
0.5~6.0 wt %, BEFERE 37°C, 123 pH 4.0 Tk
HERRPIT - 12 IREDHEKRE (Dy, hr't) 13, KBS
TR —NVEETIFELL,
1z, BANER, CThofbcs / —LVBETS

#90.50 hr™! Tdh - 72,

Cultural temperature (°C)

$ 4

80+ Q’H—e~©\@ 80 : —\;
I é o ~ B B
- - 3
2! 00 2=
c e 60T = 60 » 5
=~ 0~~5—0 Q| =
2 . ~o- 2
g2 O—o—0—g—0—0—, s,
g3 " teogd

LY
5> 52
5% 6
s 20+ 20 b
2 ~A‘A“4‘4—-A~A“A_ 22
S S s
O 0 + + + } 0 oo
26 30 34 38 42 46

Cultural temperature (°C)

Fig. 2. Effect of cultural temperature on the
growth of C. utilis MG-1.
(C2HsOH : 2.0 wt%, pH 4.0)

B : Dilution rate (hr™!)=0.41

FIEE UL, TORAMEIRNTS~80%TdH - 12. Hitk
DOEEHIEIHEREL I UOHIG 2 / — VBE AL
THEML, Hez s/ — VEE6wtwDBES, BE
#4124 g/l-hr DEBE S 1.

BMERRRETIERERE  HHATFRBRY 1 ~
6 wt% (Table 1), BE:#E/E 37C, #2% pH 4.0 O
T, HaORPETHGHEELT, HERE,
RADOFEREK (Dy, hr), 13 LBEEHORREE S
LU COD, BN, Mz o088, 73/ 88
B BBRIE, HKISESLUHEOLEEE %
et LIz,

HREOKE HFHIEBIUVERHEERSIEBK
KETHEFROEEBCOWTHRE U, SIOFRREE
1wt %OREDOMER% Fig. 31CRLIC.

BRI, PRAOFREK (Dp=0.43hr™!) $ TH
FEOWME & HIETHNT 2 @»A 50, €0
BAEIRIN40% Th -12. LU, Dy LLEOFRK
TR Uz, HE o GBIFREDMM &
EdHEmL, 52~69% EE{L LTz, L, 73/
BaEIL FREK.16~0.45 hr ! TIRIT—ETH Y,
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Fig. 3. Continuous culture of C. wutilis MG-1
with acetic acid as carbon source.
(CHsCOOH : 1.0 wt%, 37°C, pH 4.0)

Content of amino acids (wt%)~0~
Content of crude protein (wt%)-6—

o

K47%Th - 1. —7, BBREBRIHRFOHMNE &
bicml, HRFEO0.45hr! THRATHY, 13%
Th o1z HFREOHEMC L 22 37 ZEOHM
3, BBEBEOHMcIs b0 EBbNns. EEH D
HIKDSBIZIEZ—ET, M10%TdH - 12, EELE
WD COD 13, FFE 0.43 hr! LI T4 200~300
ppm %7R L, FHIREK0.45 hr~! CEBKICHEINL 7255,

ChREET AR I2bDEBbhS. $1z, #
FR¥ (m) 12, 0.02g acetic acid/g dry cell<hr &
#HHani.

HREBRRFEORE BRAOFKE D)) hrh) i3,
BIATTRBR OBNE & DI BAHL, BIGERBE
1wt % TO0.43hr™!, 2wt % C0.38hr!, 4wt %
T#90.32hr™!, 6wt % T#I0.30hr! Tho12. B
FHIE, WThOBRGEFREE CHIRIELL, 2
DB AMEIZMN40% THh -1z (Fig. 4. BEOEEE
A BHETFRRIBRE, HIRICEAL TRINL IS, 2
DB AME R BHOTES B W A U T8I L 722> - 72,
Thid PHAFERRIRE D Hin s & i, BRAD HRE
Dy, hr™) BETTAHCERIZHDTHS. HEIHEE
BRIBE 6 wt % DBE, BE 78/l-hr DEMELNI.

TEMPIATE FERFERETIEERE H46
7 7T FEBE 1wt% (Table 1), ERE
37°C, 5% pH 4.0 TH4 OHNE CHLAEEE 2T -

N o nNw
o o O
—t—t
-

>
et

o
I
T

-0—0 —-o—-o-—-cro-o-o\ (2
—o—-o——o—o——o—o-o-omo\(l)

(6}

Concentration of cells (g/L)
o
1
1
o
|
o
|
o
|
ﬁ

o

ol 02 03 o4
Dilution rate (hr=!)

05

o
(o]

®

Productivity of cells {g/L-hr}
Y
»

0.2 0.3 04 05
Dilution rate (hr-!})

Fig. 4. Concentration and productivity of cells
with acetic acid as carbon source. (37°C, pH
4.0)

Concentration of acetic acid :
{1)1.0 wt%, (2)2.0 wt%, (3)4.0 wt%,
(4)6.0 wt%

1z (Fig. 5).

FREK 0. 182 hr™! F THEWRIRETD - 1205, HR
H0.20 hr~! Tt wash out 252 b HEEHRERET
Holz. COTBEBERPLT7 T AT EF, T4
/=B IUFgD I Nz, BREOFRK (D,
hrY) &, EERTHLNI BALHIEHE (1=
0.46 hr ") WHUTELLBEWMETH 5. BN,
Harrro R 7I/BRIBBIUHIKOEGRLD
FHRREK 0.056~0.156 hr™! TIRIFHE L, ThEhK
55%, #955%, #47%BLUK8%TH »12. —1H,
BRREBIIFHREOHINE & ilmd 2 EE»H5s5 5
, BAEIZNI%TH -7z, B LBBH o COD
i3, FHEEK 0.156 hr! F T3 49 900~1, 000 ppm Th
51203, FHIWE0.182hr ™! Tz LIz, THIZRHEF
TE7EMTAUTEFEIBBDEEDNA. FI,
MR (m) 2, 0.01g acetaldehyde/g dry cell-hr
EEHAINI:.
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b s U7 3/ BERE, WThoRAETHIZIEELL, A

! A ;§& FA= LSO 7 3 /RIS FAD(BEA KRS i
g0 —o—ooe—y , [¥E2T H) DOEMICARL T (Table 3). Bk h 0
2 ol WEEE R LBEEPOERYERIE, T4/~ v, BERTIE
: - g%g BELL, T RTAFE FOBAK 2~ 3{EDfE%
il SRS Sy 198 %3 RUT:. RIAEHRE, BHICKS & U5 LRI OH
0 e o et oo 8 BYSROLD S, T8/ — AT STV,
00 °-°§“uﬁoi’"r°me (h‘i‘_'f’) 020 RENE, BREERBEHSSIUCRES® KHLHHS

' ' . B 2R 512, C. utilis MG-1EROBARL

60 o 60 A& LT CaoHr.0001.714No.os7+ Ash==100 % H 7.

—o——0g 5 °
——o—0o—0—0——0

N
o
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o

n
o
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Content of crude protein (wt %) —o-
[e)
Content of nucleic acids {wt %) -e-

Content of amino acids (wt%) -0~
Content of crude ash {wt%) ~a-

= — 0 —==8=

(e}

005 [eX 16} O.lS 0.20
Dilution rate (hr-!)

o
8

Fig. 5. Continuous culture of C. wutilis MG-1
with acetaldehyde as carbon source.
(CHsCHO : 1.0 wt %, 37°C, pH 4.0)

C. utilis DHEYEARYERAERELTO Y /
— L, BBEEUT7TEMZILTE FOE  C. utilis
MG-1 ORFERELTDOL L/ — v, BBV 7+
b VT e F OB HTERE, BANE, TI/RR
aR, 73/ BER RENE, BEEXREL LU
RO R» ST 12,

HIELRREE, BAEE, ByUoNIsR TI/BS
B BREBHIUVERELIEHAPOERYEE &
B R RFERE UL EOEERROLE %, Table
2R Y. BEIRKOFBYEGRE, EESEHO
COD (ppm/g-cell) & L TRULT. 73I/BREBBL

COBBMERIET 2 7 — VEREREL, HEERE
37°C, pH 4.0, FIRZ 0.460 hr! CHEIEIERELUICHE
HOTEIHTORER, (R346.9%, KHK7.0%, BHE
27.9%, %5#9.3%, HIK538.9%) > LXKDICEDTH
%. COMEROEE 100 8 D5E2RRBEICIE, 4.79mole
OBFEGNEILDT, available electron {3 19.16 4
BEsh, ZOEK100 8 DRRBEHRUI26.5X19.16=5508
kecal SEFEINT, ‘
AR, NEEHEGIER S L UEEORERDOE
oI R/ =N, BRBLUT 2 b7 ATEFDHLHOD
A DR 2 E .
1) x4 /—n (Yxrs=0.80)
2.71 C2HsOH + 3.850: + 0.67 NHs
—> [(Cs.01H7.0001.74No.s7+ Ash]]
+ 1.51 COz + 5.64H:z0 + 377 kcal
(2) ErER (Yx/s=0.40)
4.16 CHsCOOH + 4.040:2 + 0.67 NHs
—> (Cs.01H7.0001.74No.67+ Ash’)
+ 4.41 COz + 5.83H30 + 361 kcal
8 7 +r7AMFE F (Yxis=0.55)
4.13 CHsCHO + 6.04 Os + 0.67 NHas

Table 2. Results of continuous culture.

(37°C, pH 4.0)

Carbon source

Ethanol Acetic acid  Acetaldehyde
Practical dilution rate (hr-1) 0.50 0.43 0.18
Optimum dilution rate (hr-?) 0.30~0.50 0.15~0.40 0.05~0.15
Cell yield (Y'xss, wt%) 80 : 40 55
Content of crude protein (wt%) 58 59 55
Content of amino acids (wt%) 47 47 47
Content of nucleic acids (wt%) ~10.5 ~11.5 ~8.0
COD of broth (ppm/g cell) 30~50 30~50

150~200
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Table 3. Composition of cells and of the FAD standard.
Ethanol* Acetic acid** Acetaldehyde*** stgxﬁg d
Component g/100g g/l00g g/100g g/i00g g/l00g g/100g g/i00g
of of of of of of of
biomass protein biomass protein biomass protein protein
Crude protein (N x6.25) 57.0 59.0 55.0
Amino acids 47.0 100.0 47.3 100.0 47.7 100.0 100.0
(Essential amino acids)
Lysine 3.7 7.9 3.9 8.2 3.4 7.1 4.2
Threonine 2.4 5.1 2.4 5.1 2.6 5.5 2.8
Valine 2.9 6.2 3.0 6.3 3.1 6.5 4.2
Methionine 0.6 1.3 0.6 1.3 0.6 1.3 2.2
Isoleucine 2.4 5.1 3.0 6.3 2.6 5.5 4.2
Leucine 3.6 7.7 3.8 8.0 3.8 8.0 4.8
Phenylalanine 2.2 4.7 2.3 4.9 2.2 4.6 2.8
Tryptophan 0.8 1.7 0.8 1.7 0.8 1.7 1.4
(Non-essential amino acids)
Alanine 3.2 6.8 2.9 6.1 3.2 6.7
Arginine 3.0 6.4 3.3 7.0 2.5 5.2
Aspartic acid 4.5 9.6 4.6 9.7 4.8 10.1
Cystein 0.4 0.9 0.4 0.8 0.4 0.8
Glutamic acid 7.7 16.2 7.0 14.9 7.8 16.2
Glycine 2.5 5.3 2.5 5.3 2.5 5.2
Histidine 1.1 2.3 1.1 2.3 1.0 2.1
Proline 2.0 4.3 1.8 3.8 1.9 4.0
Serine 2.2 4.7 2.2 4.7 2.6 5.5
Tyrosine 1.8 3.8 1.7 3.6 1.9 4.0
Nucleic acids 10.2 11.4 8.0
Crude ash 8.0 10.0 7.8

* 0.5 wt% ethanol, 37°C, pH 4.0, D=0.476 hr-!

** 1.0 wt% acetic acid, 37°C, pH 4.0, D=0.408 hr!
*** 1.0 wt% acetaldehyde, 37°C, pH 4.0, D=0. 156 hr™!

—> [Cs.91H7.0001.74No.67+ Ash’

+ 4.35COs + 5.77 H2O + 643 kcal

INHOR L HRFEIE, BREXREL I URER
PEGBIICEH U RFEDEIZER, 7 b7AT
B FT4T% Tho12d3, =2/ -V TRICEL, K
2% TH o1z —T, BRERBIZ 4/ —v, KR
TH1.2~1.3g/gecell ThH-1205, 7R b7V FE
FTH1.9g/gcell LEVERRUI. T2, FEER
i3 &/ —, BB TH3.6~3.8kcal/g-cell Td »
Tehs, 7 b 7ATE FT#6.4kcal/gecell & &
fER2RLT.. BEBEREBS IURBAORTIE, =4

/=, BEBRDEFFE L, T T AT FHEICY
ST F 1o, RENKRZMELTELRE, T4/ —
WK E UOWEE E Bbi s (Table 4).

% ®

Veselov 54 |3, BEEERRFEIR & % Saccharo-
myces cerevisiae DIZFIT T, BEEEHw 7 b
FATE FHBERL, €07+ k707 b FHKEEI
IHEMEINTOAEZERRLTVE. UL, 7T+
F7 VT e KOS R RFER E T 2558 CTRERRDSE{LT
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Table 4. Carbon yield, oxygen requirement, and heat of fermentation
when ethanol, acetic acid or acetaldehyde was used as carbon source.

Carbon source

Ethanol Acetic acid  Acetaldehyde
Carbon yield (wt%) 72 47 47
Oxygen requirement (Os g/g cell) 1.23 1.29 1.93
Heat of fermentation (Kcal/g cell) 3.77 3.61 6.43

EVHBERSSNT, AREKBRWEBDNS.

BEERCBY 2 HREL, HENE B L U R
SB0BRICOVT, Martin 54 H L UF Mor &
Fiechter® (3B IIFREOHE MM L b #mL,
»B—EDOHFREULTRIBUORITIC L%, FiC
Mor & Fiechter® 3BRSBIIFREOHEINC L b
EMT A E2HELTVE. 6D EI3AHR
X-ThHERINI:.

SEERERR C. wtilis MG-1 DT 2 / — V2 RFER
LT AHERETE, BB 2/ — VIBEEDS, 0.5~6
wt % TRIZE—DEENfTONIZC EMS, Thk
LOBMGERE T HEVSTRETH Y, BAEVEEOT
ENEERIBRBCTAS LBDON . —7, K%K
FIF & 2EGHE T, HHORTRIBE NG 5
LTzdsey, BRADHERESET LI, Chud, A8
BEDSHERRICH U TR SEN 2D T b, Crudiss
B~ OHIGTTEDOKR S 5 VISR ICK L Tl
HORCERZHNZ CEICIYBRINZLDER
bhad. 12, T AT FRREBPE ULES
b, 7 MTAFE M A IERICEN TS
Z, BHeBEORMINCE Y, BEOHFREN S 5 IE
TL, BHEOEESVEULIETTAEELNZDT,
REBELTTE b7 AT FRAVRIIDITR, 7
T TATE FIFUTE OO D 282 X2 Y
—= 7T ANENI B EBDONS.

C. utilis MG-1¥fiz, 43 T EIN T
LA/ —vHHOIEREIHERLD b, £FR
&, TERE, BEERNE, s oo 88, BRoLt
EHORICBOTENTS Y, RAEYHKEERARES
EUTHICFE LI EBHR %, Abbott & Clament®
13, WAEMEEER I BNT, #F A (maintenance
coefficient) 3, FEMNCHEBICEETHD, COE
PINZIOBEBRBHFE LN E 2L, Edward 5
13, BRBPRFERLE LIZEED C. wilis ATCC 9226
DOHEFHRIIZ 0.17 g acetic acid/g dry cellshr T

AT ERWELTWAS. C. utilis MG-1D T 2 / — v,
FERD A ME 72 b7 VT FRREFE UITBED
e OREE, #90. 01~0. 03 g+substrate/g dry cell-hr
EENMETH D, DM S b AR, BEmEk
HERBRELTENTO AL EMbMA. ¥, C
OBEBRORERE LT, £8EE, BEENE, ko
Al R ERBTOERYARE L UERMNICE
HUTIRFENE, BEERE, REROE» S, K
I &) —hENT.

E %

1. TEIODBELIZZZ /)~ v, BFBRBIUT &
b7 OVT e FECHERER MG-1 BRSNS, 4
MBS X U Coenzyme Q % 14 b5 Candida
utilis L[EEI NI,

2. T2/ —NRRFFETHEDE L CEGR%
2170, B# pH B I URERE 2RALIZE A,
B# pH 133.5~4.5, BERZEIZ36~38CTHh - 1:.

3. BHET X/ — VB 0.5~6.0 wt % Tiisi g
2iIo12805, EHRET 4/ — VBETIREBE—D
R — RADOFHREL 0.50 hr !, BEENRKIT5~
80%, MAE /s ZEKIS5T%, 7/ BEBN4TY%
21872, Fin, BAOEEBRMBI L ) — Vi
BB L URRE AL ML, itz / —
VIR 6 wt %D E, BE24g/l-hr DEME SN

4. HHAFFEREME 1.0~6.0 wt % GBS 21T »
12 & h, BRAOFREIICOBERRIRAE VSHING 21
UTESWMET U, SHERFRRRE 1 wt % T490.43 hr ™,
6wt % THKI0.30hr™ ! Th oo, LvL, BEHEIE,
HMaor 88, 73 /BERBIVThOHEBEE T
HIZHE L L, 2hENKI0%, §958%, K47%TdH
12, BEROEEHIHHETREE & L ORRRDH
IMCHABI U THEINL 1203, © OB AR I
PIL T3, G FIRBIRE 6 wt DB A 78/
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Ishr TH 12,

5. AT & FT AT B FIEEE 1wt % THEERE
ZiIo12L 05, BRREOHEREIZFO0.18 e, Hik
INEHI55%, ML) aBINE5%, 71/ BRERK
41%Tdh ~» 1. BREOFRF R, @EHEETHO AL
BAROIEREY (§90.46hr ) ITHATHL BV
HTHh -1z,

6. C. utilis MG-1 ¥OBEYRIREERDRHE
WeLToz s /—n, FRELUTLFTATEF
OB EFRE, BENE, % EBBHOEBRY
SEL IUBRMNMCEN L I RAENE, BEERER
BEAD AD» SR U2 E A, WFhDOEh S T4
J —vhsERiTER TV

BOVIZ, KMEORITESH LY, TBELDTHREL

THRABY L RSXZTENETERER (=%
ESL2HRMEAFE) KirbB#eaLET.
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