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Construction of flocculating yeasts and characteristics of ethanol fermentation of
a constructed strain. SHiNICHI AsanNo, CHika Hisavasu, Motozumt YAMADAKI,
SHIGERU MoORIMURA, Makio KisniMoro, and Kenj1 Kipa (Hitach Zosen Technical
Research Laboratory, Inc., 1-3-22 Sakurajima, Konohana-ku, Osaka 554, Japan) Hakko-
kogaku 65: 169-177. 1987.

To achieve high ethanol production using molasses as a raw material, we tried to
construct flocculating yeasts from non-flocculating yeasts.

An auxotrophic mutant, HM 1, with flocculating ability derived from a non-
flocculating yeast, Saccharomyces cerevisiae IFO 0224, was hybridized by protoplast fusion
with an auxotrophic mutant, HM 2, of another non-flocculating yeast, S. cerevisiae EP 1.
The fusant HF 1 showed not only good flocculation but also good ethanol production,
as much as the parental strains.

About 409, of fusants which showed good flocculation dispersed the flocculation
during subcultures. But the flocculation of strains isolated from spores of good floccu-
lating fusants remained stable, and good flocculating strains were isolated from spores
of flocculating fusants with a high frequency of 60 to 80%,.

To enhance the flocculation of HS 1 which was isolated from spores of HF 1, an
auxotrophic mutant, HM 4, of HS 1 was hybridized by protoplast fusion with an auxo-
trophic mutant, HM 3, of S. cerevisiae IFO 1953 which showed excellent flocculation.

To construct good ethanol-tolerant strains, the fusant HF 2 between HM 3 and HM
4 was acclimated by repeating batch fermentation with molasses medium containing
22 w[vY, total sugar at 33°C and pH 5.0. The acclimatant HA 2 produced 95 g/l
ethanol from molasses medium containing 25 w/v9%, total sugar at 35°C and pH 5.0.

HA 2 was tested in batch fermentation for the effects of (NH4)2SO4 concentration,
pH, temperature, and initial sugar concentration on ethanol production in molasses
medium.
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BREEFVBERBBOBERRENEZ ONG.
AHRTE, BEELRSICRE T 2IFREERES
Saccharomyces cerevisiae IFO 0224 $k & S. cerevisiae
EPn 1 g? % B\, Ethyl methane sulfonate itk 3%
ENBEBIU 7o b 75 R MRIAICK D BERERO
BREEEA. i, BEBEZRD B ICDICEERR
£ S. cerevisize IFO 19538k BE 7u F 7S5 X MRt
BT, TLHIC/oNRMEHKICT va — e
5T 270iC, HEEREMEROCESREEZRDE
T EICKVBIEET . ZOREE, BEEMICK
2 B4 HEERBRIC B WO OISR R SR
BOLEDD, R/ —VBEDSI D EWEER
MRLERETICENTEOTHRET .

KBRMBEIURE

FEREN%  HARK O EREREFE LT IFO
02248k % L U EPI %, BEMER & LT IFO 1953%%

ZENEFNBO., INSOEBMOERNEIC LD
Bl REFEERMZE R HM 18k, HM 28, HM 3 £
BLU HM 4 %570 b 7’5 2 FVRISICER LK.
T/, BiSH HF 1H%B8XU HF 2822 F 0
FEFHR S €T RIEFERHK HS 18X HS
2HERVTRUELUESHEIC X 2 BB E T
(Table 1 BR).

{ERiEH  RUREERH S LR £ R (RO
) 10g/7, #Y =S b v (Rt 20g/7, sz
—2 20g/! 251733 YPD kA B o, [O14 5k
HERICTIILBEREE (total sugar, PI% T.S. £ 33) & L
T15, 2B LT 25w/v% I Ui dERE DRt
H (Plg, #heEng T.8.15, T.S8. 22 kU T.
S. 25% WEEHEM LTE) BRV, EERELT
(NH4):S0s ZBEHEERICTL 1w/wy, FHEH &
UT KeS:0s 2 0.2g/l ZNENHIM L. ERHLK
BRI 74 Y VET T.S. 15, T. S. 22 8XU

Table 1. Strains of S. cerevisiae used in this study.
. Spore Degree of

Strain Phenotype formation (%) flocculation? Remarks

IFO 0224 Wild type 25.6 0

EP 1 Wild type 27.7 0 strain used in alcohol
plants in Philippines

IFO 1953 Wild type 4,17 5

HM 1 Ade~, His~ NT® 4 mutant derived trom
IFO 0224

HM 2 Ile~, Val~ NT 0 mutant derived from
EP 1

HM 3 Leu~ NT 5 mutant derived from
IFO 1953

HF 1 Wild type NT 5 fusant between HM 1
and HM 2

HS 1 Wild type 14.3 5 strain isolated from
spores of HF 1

HM 4 Ade- NT 5 mutant derived from
HS 1

HF 2 Wild type NT 5] fusant between HM 3
and HM 4

HS 2 Wild type 13.4 5 strain isolated from
spores of HF 2

HA1 Wild type NT 5 strain acclimated from
HS 1

HA 2 Wild type 43.1 5 strairzl acclimated from

S

2 Degree of flocculation (DF)®: DF 5, extremely flocculent; DF 4, very flocculent; DF 3,
moderately flocculent; DF 2, weakly flocculent; DF 1, very weakly flocculent; DF 0,

non-flocculent.
b Not tested.
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T.S. 25% MEEIEHTIY, £HhT4 280, 410 BXU
470 g/I DEEBEEZHM U, RFEREE UTEE
Bt Vo Sg/l, ER 20g/l OIS EMERY,
YPD SEREEH# & UT YPD BHic R 20 g/7 28N
L7ebDZERWe., &OKE#HE LTI 7va—x 20
g/! Yeast nitrogen base w/o amino acids (Difco) 10
g/l, BR 0g/l polaaEMERN. Tat 77
A MEEERTIE, FAEEME UTERB+2 5g/,
RY~_Fbrv 10g/, s'va—=z 20g/l, KCL 45 g/l,
K20 g/l HILBEHER, BREME LTED
Ketic KCl145g/l 2Lt bDER V. ¥/,
EEEm s U TR ODIER 20 g/! % Bacto-agar
(Difco) 30 g/f ICEZ b DEF N,

Ethyl methane sulfonate (ZXBZTRMIE
HEERE R 1 B2 B8 L, 30°CT7
BREELTRFZERI L. B0 FOI%EK
E, BF® OFkic# U Ethyl methane sulfonate (2,
%, EMS t93) THE L. FO5BEK (107
asci/ml) % bmg/ml ¥4 &Y 7—+ (Zymolyase
20T, AL T 3) AR TUERR, 3v/vos EMS (B3
b3 T 30°C, 2 BREMEE L7z, JKKPT 3 MBS
BE (BEESEY F49—, US-150,7¢ 7 v 7,
HAE# %, RFPEEKZT 107 107° TH/FRL
YPD JERKEHICHSR LT 30°C T48HgsEHE L.
FEREM Ptk Uca o =—2 5 8Eic L 7Y 7
L, 30°C T 4 HRsE#E, JEfEo o =—2&RL,
Z DERBEREEZ T

TAFTSIMRE 2EHOXRBERUERK
2RV, BE, B OFKICEL e b 75X M
BEfT-7c. 2FEH O XBEREERKZ TNTH
YPD ##hT 30°C, 168ERIR & 5 ¥k, MEMER
(108 cells/ml) % 0.25mg/ml ¥4 €Y 7—¥EKT
30°C, 0B LT e b A5 2 PERBELL. &
Ta b I AMVEEBRESRT ODRAR 0w/
Polyethylene glycol 6000 (& > #'{kZ%) BT 30°C,
15 Uz, MERIRA 1074, 1078 LT 1091071
CARL, THTNEEES LK URREICRHEE,
EEEWMTERL:. 30°C T2~4BREREL, &
REMICE U2 =2 MAKE LTHEEL..

RFHFHROLSRE S LICRARZIROHE -

TRTERSE, BOoNFDS ZIRAY OFEICE
UBMHE L. FO 5 BB (107 asci/ml) % 60°C T
204 fInERES, BMEROE URTFEEBEE 1073, 107
ICHRLUT YPD ZEXEHIC B L7z, 30°C T48k:

ROkE3E%, FEREH FIcE Uizan = — 2 FmEk
BRE UTHEEL Y.

FEMOFME MR EZ YPD HrHh 10ml
IZ1 B&EEE L, 30°C TI6KRTIR &5 8%,
Gilliland® QFEICHEUBRICL D BEHDOEA%Z T
N, HHEHEMDE S D% Degree of flocculation
(L%, DF £ 53)5, JEEERDOSDE DFO & LT
6 RIETEM L. T/, DFS OBBKEICB T 2 845
HDRIEHRT B -OICEHERKRE 07T —%T
WME L, WE%O DF 2 flE L. 37345 DF5
DOHkRZ YPD £4b 10 ml TRIBICHEETER, 10506
BLTCEEW 9m]l 2K%EL, pH5.5® 1/30M y v
B R 9ml & lmg/ml 7o 57—+ (Pronase
E, Sigma) {A# 1 ml 230 LT, 30°C THLER LRRR:RAY
iz DF {EAHIE L.

BESREHERIC K D RBEOTE  HEEHE
YPD $ib T LR OFHEICHEVETREFE L, 3% 10ml
% T.S. 159 $E%E#90 ml ICHEREE, 30°C THiEY
CRCEE U7 RIR D e X BRI HEREEBE TV, 24,
48RS D = & / — VBB A BIE U SsBEEe % SR
L.

BIFC KB 7N ImEDRE  EiROESZ
BRRICBONTEN - RBREETIERLZREVT,
Py —Tr—AvE—itkBBDIRUBSRELTS
CEicky, Tra—AEOHEERA. BOE
LRSRER, ZRELIC 2/ AV ry—T77s—2A V&
— ICHTHEEE 100m]l & T.S. 2295 $EEsksHh 900 ml %
fnz, 33°C, 150rpm D&M T2URRGHERER, 550
BEL, I3k 700 ml 25| kO THic T.S.
22% FEESEH T00m] 2NZ, ARMGTHERS R
EfT-7c. 10EIRHEEEAROE L%, HEERE
YPD R ik L, 30°C T2 HRGEE LK. B
HREM ECAEUREV I o =—2 ka8 L, ¥
Y—7 7y —F VA —2RAOTESRERBETD, &
HHEEBXUART &/ —VIBEAZE . BISREE
HERIZ, BUESENE 100ml % T.S. 259 fEasisHy 900
ml iZfnA, 35°C, 150 rpm O &effTO6HRGREHE LTc.

BIEHORENTE BOELUESREEICKDER
L7-BIBBRORESHEE, FIROFHEICRNY v —7
7 — A VR —=2HWTEIR 35°C T60~96HE L5
BB TV,

1) EBRF L LTCOMBREEORE EHEREL
T (NH)2SO04 0,1.0,2.5 BXU 5.0g/7 45 T.S.
BLREEREIE ALY, ERAICT 2/ —VIBEERIE
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U E DR EL B~ IFO 0224 (OF O)  EP1 (DF O) IFO 1953 (DF 5)
A PN
2) #ih pH OFE  (NH)SOs 2.5¢/1 5T Sporulation Sporulation Sporulation
T. S. 25 %MD pH 2EMET4.0, 4.58K0 Mutation Mutation Mutation

5.0 (R i HEBL, KREMWEAVTRESRT
TOREIcz 2 /7 — VBEZRIEL, ¥HpH OF
AT :

3) RBEEOE®E  (NH.)S0.2.5g/ 8T
pH $&i@% (pH 5.0) @ T.S. 25%MEBIEME VT,
30, 33, 35B XU 37°C TH » REHERE TR
icx g ) —VBEERRIEL, T, 24, 6MRGH
DHEHS SUAREEEAIE URBREOZE AN
7c.

4) PIRGEREORZE  pH M#FHE T.S. 20, 22
BXUBHHEEEMICENT I (NH)SOs % BENEE
ERiIcxL 0.5w/w% iKida&H iz, &gz
AV THREERETORBNICT 2/ —VIREZAIE
U, 7o, #3824, 48R OMENE XUERRE
REL, MIREEEOREL R/,

BAE T/ —VBIXULEEBEOSHIZE
WY ICEE Lo AL T~ HEHREZ, EREKR
1ml &80 1IN HCl ERE RN L CRERKRE S
B, EEAKTION, 1072ICFERL, ~=F b
X — A —REOTHHR UKD, $7, EEHIIER
BREEEKTIO~1077 KHAR L, YPD FREH
gk LT 30°C, 2 ARGEEHR, REREM Rick
Ulcan=—%25¥Lkbi.

EBREREIUEE

ERENBENSOBREMBROER  EREEZL
FRICHRET 2 IR B O BEU B R 2 SR T
51cwic, Fig. 1 KRTFIRTERUE L XU 7o b
75 X MRS KX ABREEERET L.

1) EENEIC X 2EEMORE  JEREHER
IFO 0224%%% Ba 7Rtk EMS TEREME L, 258
DEBERULREKFZEBI LTS, Z0D 1K HML K
MTF=VvBIUERF Y VEREERT & & bICE
&4 (DF 4) 2R L7, UL, ESREBEREBREZT -
7oL A, HM1 #i3 Table 2 ITRT L5 KK TH
2 IFO 0224kk (REEE 2.21g/l-h, EfRx & / — v
BEES5.4g/0) WHNTREBRETII%, ERTZ/
—VEBETH Tg/l EF L. 138, REERIILE
URRIB DO T & / —VBED S 1 KN 0 OFIgA
R4/ —VEBEEEHLICETHS.

2) Fu b IR EAICKAER  HM1gD

HM 1 (Ade-, His~, DF 4) HM 2 (lle~, Val-, DF O) HM 3 (Leu~,DF 5)
1Pro1oplost fusion
HF 1 (CF 5)
lSpmquﬁon

HSH l(DF 5)

Sporulation
Mutation

HM fl (Ade-, OF 5)

Acclimation l Protoplast fusion

HF 2 (OF 5)

l Sporulation

HA 1 (DF 5) HS 2 (DF 5)

l Acclimation

HA 2 (DF 5)

Fig. 1. Pedigree of the strains used.

DF means degree of flocculation (see Table 1).

AR ED B odIC, Fig 1 i Liz&5ic HM]
BkE EP] gkpskOFRBEERMERk HM2 £k (e,
Val-, DF0) &@D 7o 75 2 FEAZTY, WEL
722K ORIE R ER VW TESRERRET -7 E T 5,
Table 2 iT/R L7z & Hic, BA¥k HF1 BRiImEBHART
% % IFO0224 #k% EPl i HENTHDRBEF LS LU
ERTg /) —VBETEOTHERDEWE (FhE0
2.29¢g/l°h, 55.2¢g/l) %#RL, UL»bEEEEs DFS
& HML B hEN T

BEMOEXBRKREBEHORE/L LHL, B
4% HFL BRe g Lc s T A, BEEMBETE
IR AT AEENS LN O THRERELE/LE
D HEERE L.

1) BEHDNEE 22ROBMAHKOHTT DF5 O
EREME AR L7218 BRIC DT YPD ERiEHE RV &k
REBLICET S, THRTEREMOETE/CRMRDY
Hohic. TD—HFl% Fig.2 ic/R U7, HFL ki3
6E DA METEREMBHE L. BEMEET
FLO 3k tichn, @&k, o b7 5 M@
AEROPICIEEESA~ATFah ) & v ORETHEET
% 7o HBEIIICAREKET, MEZOED Sh—FH
HELRTNP I EMREINTVS. #-T, EEHE
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Table 2. Comparison of ethanol production among parental strains,
auxotrophic mutants, and fusant.

Steain ﬂgcecgurlzeti;) r{a Ethanol conen. (g/?) Tern:ztr;tbatlon
24h 48 h (g/l+h)

IFO 0224 0 93.1 55.4 2.21

EP 1 0 52.8 55.2 2.20

HM 1 4 44.2 48.3 1.84

HM 2 0 49.1 51.1 2.05

HF 1¢ 5 54.9 55.2 2.29

Ethanol production was tested in a batch culture with molasses per medium containing

15 w/v%5 total sugar at 30°C and pH 5.0.

2 Degree of flocculation is the same as in Table 1.

® Fermentation rate is defined as the average value of ethanol produced per hour
during 24-h fermentation.

¢ HF 1 was one of the fusants between HM 1 and HM 2 (See Fig. 1).

DEL UK, MR (HML gkEs XU HM2 #) %

S o—o L £ £y £ A

- By yANFYTRIBEIAT A )4 Y ORETHEAE

g4 Ucredd, BRE#%#0 RS ic HMI i (DF4) g

= LB LIz LHERENS.

S 2) BEROEEL BEESHEETIHO

5 2 HF1 g2 a7k 2 € THB7 DFS DBEMRERT I

@ FHERIKZ RO TRBICHRERL 2 & T 5,

g r Fig. 2 1R Lck 51c, 6 ERL LA RS0 E L

- 0 ! ! ! | | Td, TNTOKOEBERRBREIEZINTO.
O I 2 3 4 5 ¢ ¥7:, #h ¥ h DF3, DF4 0 BEME TTRIAHK

Frequency of subculture (times) HF3 8LV HF4 BEBRFHR I E & 5,

Fig. 2. Comparison of the stability of flocculation Table 3 {T/RT L5 iC, TNEN60E KUBBDEL
between HF 1 and HS 1 during subcultures. SET DFS O#%EHBEL/.. hidfaFEskiciE>
HF 1 is one of the fusants constructed by proto- BEaEIck Y FLO BIFTE 2P OMAEE ST

}I:‘liagstliusion between HM 1 and HM 2 (see o745, DFfE (BEE) IC4 8 (segregation) ASE

HS 1 is one of the strains isolated from spores of Clefeb L fEgEENB.
HF 1 (see Fig. 1). Bi& kR HFL gk, HF3 fkB LU HF4 k%, 208
O, HF 1; A, HS 1. TR I € TE/: DFS OFhkikl4Ek, 1288
Table 3. Degree of flocculation of strains isolated from spores of fusants.
Strai Degree of flocculation® Frequency®
train (%)
0 1 2 3 4 5 ©
HF 3¢ 6 1 0 0 1 12 60
HF 4¢ 0 4 1 0 1 24 80

2 Degree of flocculation is the same as in Table 1.
? Frequency is defined as the ratio of DF 5 strains to all strains isolated from spores of

fusants.
¢ HF 3 (DF 3) and HF 4 (DF 4) were fusants between HM 1 and HM 2.
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Table 4. Comparison of ethanol production between fusants and
strains isolated from spores of fusants.
Strain ﬂDegl’lee‘ Ofa Ethanol concn. (g//) Ferrrrl:tr;t:non
occulation 2% 48 h (g/I°h)
HF 1 5 55.2 56.0 2.30
HF 3 3 47.7 48.3 1.99
HF 4 4 43.8 51.5 1.83
HS Ic 5 53.1 57.5 2.21
HS 3¢ 5 52.8 54.5 2.20
HS 4 5 52.5 55.3 2.19

Ethanol production was tested as described in Table 2.
a Degree of flocculation is defined in Table 1.

b Fermentation rate is defined in Table 2.
¢ HS 1, HS 3, and HS 4 were strains isolated from spores of fusants HF 1, HF

3, and HF 4, respectively.

X UdtkE O TEARERBETD, TNTNHRE
tesEN 7 HSL £, HS3 #B XU HS4 BOHEE%E
Table 4 {c55% L7z. Table 4 izi3 HF1 gk, HF3 #b &
U HF4 oIS RERBORER R Lo, HS3 &
B XU HS4 iz 2 HF3 gks L U HF4 kkictt
~, BEMZD T REEED L L. 8, HS1
B, HS3 kb LU HS4 ki, WINDFARKTH

-7z,

BRENEEOEE H THRELUCERREE
HRhic B ) 2 EBEHDETER; < /i, HSL Ko
B OR(LE RS DFS QEEMLRTIEEEREY
AT Fus7—ERBETVERENDORIZFME L
7z & T %, IFO1953 k721313 Fig. 3 icRT kST, 9
Ko7 7—€TRELTS DF EBETET,
SbEEESSHROKEHERINS. i, FIHRY TEF
F L7z IFO2018 £ (DFS) 2 9 B0 7 o 7 7 — €4
BT DF 22 1/ET L, ALKHT DF EH3ITE
T U7 HS1 (k& D dEBERDFO LEEING. E
SEORRLD, HS1 kDB EMZRILI BT,
HS1 # & IFO1953 $kDZ NE N DX BERB LRIk
HM4 #k (Ade™, DF5) 35 £ 0 HM3 fk (Leu~, DF5) %
BAOTFa 752 P RA%T->7c. DFSOEER%
RT SHEDORAMERWT o Fr 7 —ENEET 72
LT A, Fig. 3 ITRT LD IC 8¥kE DRA—DEREZEAL
ZRL, 9EEOMET DF #Ed4IKEKTFLE. C
DFERLY, 8HROBIABRDERSEM: 13 IFO1953 #:(9
FefjE < DF5) & HSI #k (A&H T DF3) o
ORI THL LEERINDG. T SKORMAHKER

S B a
!
RN
S .
S 3
g
ool
RS
81}
N
=
O ! ] | i 1 l ! 1 It |
O 2 3 4 5 6 7 8 9 10
Treatment time (h)
Fig. 3. Reduction of flocculation by treatment with
protease. Protease treatment was as follows:

9ml of 1/30 M phosphate buffer (pH 5.5) and
1 ml of 1 mg/ml protease solution were added to
1ml of cell suspensions and shaken at 30°C.
HF 2 is one of the fusants constructed by pro-
toplast fusion between HM 3 and HM 4 (see
Fig. 1).

O, IFO 2018;
HF 2.

A, IFO 1953; 0, HS 1; v,

WT B REEER E TV, REgESEN HF2 £
(DF5) 23R L7, X5, HF2 B2 TR IET
B 31D PR F H bk D hTREFREDSEN, ROEE
&R Lic HS2 gk (DF5) Z#iR L7c (Table 5 28).
BIFIC KBTI/ a-NEHORE BT
—LTHEEEAT 5T 27200, BOPREHRKRICT S /
—VERIMU CHEEER DR TESREETRETL,
F 72, Brown, Oliver!® |2 ftfaithic = & / —vZ2 0
L, BihthD x4/ — VEEZEREMIE T E
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Table 5. Comparison of ethanol production among parental strains, strains

isolated from spores, and acclimated strains.

Degree of

Ethanol concn. (g//)

Fermentation

Strain flocculation® 5, ) 481 72h 9% h (;%(f;)
IFO 0224 0 87.5 87.9 92.8 91.6 3.65
EP 1 0 83.0 84.1 90.5 88.9 3.46
IFO 1953 5 33.4 60. 3 78. 4 79.1 1.39
HS 1¢ 5 48.2 76.5 83.3 82.9 2.01
HS 2 5 51.7 80.2 85.3 86.1 2.15
HA 14 5 5.2 83.9 87.8 87.9 2.30
HA 2¢ 5 65.6 87.6 93.5 94.2 2.73

Ethanol production was tested in a batch culture with molasses medium containing 25w/v%35
total sugar at 35°C and pH 5.0.
2 Degree of flocculation is defined in Table 1.
b Fermentation rate is defined in Table 2.

© HS 1 and HS 2 were strains isolated from spores of HF 1 and HF 2, respectively (see

Fig. 1).

¢ HA 1 and HA 2 were acclimated derivatives of HS 1 and HS 2, respectively (see Fig. 1),

REEERI LTS, EESIZ HSI XU
HS2 g2 FAWT, T.S. 229 fExibic & 2 @45 5E
ZHERVIEUTBIEEZTY, ZNFN21H, 17HOEIE
BEnBE L. ThoOBIEMRZR O TES SRR
70, HSI #kB LU HS2 #k2 h 2 hOBE#Oh
THRERE B XU BEESEN HAL ik LU HA2
BEE IR Lo (Table 5 &HR).

HS1 #B X0 HS2 #&, 2N ZhoBFEKE HAL
BB LT HA2 #k2 0 7 T.S. 259 $Egtthic & 3
A5 5BERERDFEE% Table 5 ICR Lz, 2o D 4
KOHTIZ HAZ # D RERSELEN, REEE
2.73g/l-h, BEFEOCHIIRDER T 2 / —VIBE 94.2
g/l T#H -7z, JEEEWRETT IFO0224 #5 L U EP1
BRITH A, HA2 BRI SBEEEE THI20% BV EEIR L e
23, 96RRODAER T 4/ —VBETIY 2~5g/l &
WEZR L7, CORESBIEICK D HAZ #RicT v
3 — VTS T ORI P O RBE IC T 2 T
WA EI N/ D LHEINE.

Bk HAZ BROREBYSE  HA2 BRORBERE
BRUERTZ / —VBEICRIZT HRREBE,
PH, REEEE B LUNIREEEOESZEL 10,

Vy—7 77— A E-ROTHSRBEERBRET /.

1) ERFE LTOMBREEORE  HA2 K
DHEBERICRIZTMEZEEORE LI LA, &
BEEEE 12 (NH,).S04 0,1.0,2.58 X8 5.0g// T, &
NEN2.50, 2.90, 3.568% 3.53g/l-h TH -1

2, HEBESSMHBOERTS ) —VEEIZTNTS86
~89g/l T, PIBERT 2/ —VIBEICKSEERI
AN 7. PE-T, MBEERIERT L/, —
BEID ORBABICEELRIZT EHKINS.
2) ¥ pH ORE  HAZ RORBEICKIZT
i3 pH OB EL A~/ ECH, REEmE I pH 4.0,
4.5 BXV5.07T, #NZFh 2.07,2.51 3L 3.44
g/l*h TH o708, BEBBEEDOERT 2/ — VB
BIRINT 91~ g/l T, UBERT &/ —VIEBE
WWKRERZERRBONB -7, -7, E#ipH B
MTBE R, REEEICEETRITFT LN
3.
3) REREOXE  HAZ ROZRBEECRIZT
REEEOEELRE LA, FEEEIZ 30, 33,
35 BXU 37°C T, #n%h 345, 344, 339 LU
3.34g/l-h L2 D, F 7 HEEOGKRGBROER T & ) —
NVEBEDTNT B5~08g// L REUERRAHONKG
Motz E-T, REHEEIZ 30~37°C DT,
REEEBIUERT 2/ —VIBEICKE B8 S
2O EHMENhE. UL, Table 6 [TRT XD,
B4R BRIC B 1 2 EERUII REEE R A3, 30, 33, 35
BEXU 37°C LELBBICHY, 21 2.5%108,
1.9x108,1. 4108 33 X 78 1. 1108 cells/ml &3> L,
FICHEROGRFB TIY, TNTORBEEICEWTE
BIEAs 1.0~3. 0 X106 cells/ml & KEF24FERIL DIED
1BUTRIAD Uic. $E-T, [E5HELENELR
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Table 6. Effects of temperature on viability of HA 2 during batch fermentation
with molasses medium containing 25 w/v% total sugar at pH 5.0.

Temp. Tﬁ;‘:}bgg? Relative ratio Vrilit;,[ll%eii}l Relative ratio
) (cells/ml) ) (cells/ml) %
30 2.2x108 100 2.5%108 100
33 1.7x108 77 1.9x108 76
35 1.6x108 73 1.4x108 56
37 1.5x108 68 1.1Xx108 44

a2 Total cell number after 24-h fermentation.
b Viable cell number after 24-h fermentation.

DEEGZTIERRE TRABEBEDOEENFENS &
HEIND.

4) FIRFERED HAZ pROFRBREICRIZ
THRBEEEOREELHEN/I LA, REHEER
T.S.20,22 8 XU 25% T, #1154 3.09,3.37 BX
U3.08g/lsh Th 7. Fi, T.S.20,229 TiIHsE
HOARSRITREELGRT L, Rz 2/ —VEBERZN
2 74.1,80.9g/l L75, T.S.259% TIIREE%R48KS
MTREESKT L, HRTL/ —VIRER 92.8g/
ol MIREREICHT S8/ —VEBRERR,
FERTET T.8.20,22 8 XU 5% itBNTHTH
H0.37TH »7z. BE-T, FMIREEEIX T.S. 20~25
GOBETIIERT 2/ —VEBBKEEEEZITVE
HrEns., L, Table 7 itZRTLH i, HEE24
BRI B 1 2 A REIIPIRFERED T.S. 20,22 5
X UBY% LELBBIRED, FNEh 2.2X108 2.0
X108 33 X ¢ 1. 3X 108 cells/ml & %A L, T.S.25% T
13 T.S. 20% DIEDS9HTH -7z, T3 Jones &
Greenfield!? 2334 LTV LD i, TIREREDNE
{132 LEEMDKAEEIMET L, HAZ BROBHEH:
RN/ EEREINS.

Db, EEErRRICRETZEREURE,»OF
FELCERERRE HAZ fid, B#kThz IFO0224

Hz
b2

BRICHNREEEE 134 L 5 48, 96REEBDER T £

J— VBB 94.2g/l LR 3 g/l &<, BN RER
ZH LTV, LrL, HAZHKIZ, RBEEL XU
REBEVSBRICHNEERMET T EDD,
KEkkick 3Ex 4, —VEBE (80g/! PIE) TTO

iR (35°C Vb)) EmiEBERgEL0EEIONS.

3 #9

1. JEESEMER 1FO0224 #hZE Tk EMS
JER U TR 2D KB ERYERHROFIT, HE—EE
%R HMI1 gk (Ade”, His™, DF4) ZZR L7:.
L L, HM1 gEi3 IFO0224 BRiCH~TREEET
17%, MR x4/ —VIBETH 9g// BT L.

2. HMI p&EFEEREURT EP1 $RskOXEE
RUZE K HM2 ¥k (Lle™, Val~, DF0) 2 7°n } 7°5 2
MRS X, EEETH B IFO0224 2 EP1 #&
NTOHEMEEBIUVERT Z /7 —VEBETHEADNR
Wil (FRFN 2.29g/0+h,55.2g/0) AR L, Lbd
DF5 DitEMZ=H7 5 MAetk HF1 BRE2EE L.

3. HFI1 ¥ki3 6 MO L kST EEME ML L1
%3, HF1 grOfaFrsk#k HS1 gk (DFS) 3 6 mIPI L
BAMELFEOELTCOEERRREERIATY
7o, ¥7c, &R HF3 g (DF3) & HF4 gR(DF4)

Table 7. Effects of initial sugar concentration in molasses media on viability
of HA 2 during batch fermentation at 35°C and pH 5.0.

Initial concn. of Total cell . . Viable cell . .
total sugar number? Relat(lg/e ratio number? Relat(%r/e ratio
(w/v%) (cells/ml) %) (cells/ml) %)
20 2.8x108 100 2.2x108 100
22 2.4x108 86 2.0x108 91
25 1.5x108 54 1.3x10¢# 59

a2 Total cell number and viable cell number are defined in Table 6.
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TRTFEHR IS ECH, FNTN60, 80%DEVHA
BT DFS OffzsrEt L.

4. HS1 #hoEMZm{LXE27cDic, HSL #
& IFO 1953 # (DF5) O # NN DFRFEREE E ik
HM4 #k (Ade™, DF5) %X ¥ HM3 #k (Leu-, DF5)
ZROT o b 7’5 X FREZETTYD, HFZ2 £ (DFS)
TER U, BAM HF2 B2 X SIKRTERIET
BHEM B KU REREE N HS2 £k (DFS) #EUE L
7.

5. HS2 gkEmunT T.S. 229 fEEsh ic X 3 [E|
SREEZ 105 D B UTHIEZ T, 35°C, T.S. 25%
FEEHLHhIC X 2 [E]4r 5B BR T B53 06 RERETRIC 94.2
g/l Dz —neHER UcBiEER HA2 g (DFS)
BRI,

6. HA2 ¥R REHEM L BN DICELE LT
T.S. 259 EEEHAE R, 2/ B y—T 7—A ¥
2 —ic X 3 O REREBRETY, ROXDBERES
oo DEZEBEELTEBEERICTL 0.5w/v% O
(NH,):SO: ORISR ETH ~7c. 2)H pH 3H
BRI g e 52, FREEET pH 5.0 (3. 44 g//-
h) it~ pH 4.5 T 27%, pH 4.0 T 40% £ h T K
T L7, )REBEREIZ 30~37°C OHETIIREEE
BIUERT 2/ —VEEWCEEEEZ 10 -7,
BEFE2AR R DA BB REHE B DSE < 18 5 ICHEWV R
DU, 37°C TIRARERD 1. 1 X108 cells/ml & 30°C T
DEBEBDUBITIET Uiz, )WRBEED T.S. 20
~25% D HWHA TII RERTE O £ 4 / —VEREBERT
WEND0.37TH - 7058, HERUBIBOARKITH
REBEESERLEIICROED L, T.S. 25% TRA
B¥hs 1.3X 108 cells/ml & T.S. 20% TOEEKD
S59BITIET L7z,

AFFRICE LS 18A 220 & % Lo KIRAR TR EMEE T

WMBAEALIC, 270 BHKESEL TR & F L TERIN

B TR BWHART £PFTEMAZ R RHEFENEL
(BUEARZITEREAEHER), RERPIHHEIK, HEFEL

IR - CIKBERERIC, T UTHRBIHERBIUTH %
WS E LIy v M) —BRASHEERARRE TEHAZRR
SHERELE S ViR RICES @R LETE 7.
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