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BB E X BE M
V. ZrERBERATER

Kot KA

NEF

(hRHERFBEHRTHR, L0

MR PER R ELT Saccharamyces cerevisiae i % 2.576 (mel™) K5 S. carlsbergensis
2,500 (MEL?) QL J% S. cercvisiac Stole F(mel™)y 5 5. microcllipsoides 2.699-2-3 (MELY) f:
s, KEHRMES EBRTE,MFEE 1 RS Swle ROALBELRE 1/3, AT AR
2 ok H808 5 He24-14 AT F < AT RMBRTRI, Brf5 i #x i B2 5 1868, HE69,
He7s F1 H876 R MRS ELACEHEARR Swle R, H 875 BBERERELEFRS
3—109%, 3§ H875 Bifk S PoBER S, cerevisize DT R AT, $8 He46 F1 Ho4s FIER
g Hods B R BEAIEL DT RS 3%, L HETS R 2%, R —KEHE LR R R

ﬁ&%ﬁﬁﬁﬁ%@ﬁﬁﬂ@iﬁ%ﬁﬁ
B ERN, BEBES 6 MNERERN
6 ALl ERITE TR AT, K s AR
®HE (SUC 1—-5) B e s Eg (p-D-fructofu
ranoside fructohydrolase E. C. 3. 2. L. 26)
R ER, BEFTRIEARFES
gl LT R R S TR R ) A
pgte FRE T PR R OF F AT Stole
ABAGRE MR, BEPRNETEN
Yk bk i E . JLERT, EHMVE
Feis ki R B %R, R HRERIH 70—
75% B FRAE SR, EEF FERRT
1 EEERY, ARHETEREERZ
BRI P AR B R R B R RN
ik o

MO A 7

(=) XeEHK

MEREEMNBEAMNE =R EEEEES
i AR R E AR EER 19 BRERRRET W0, DA

chifell R EBERMEE IR MYTR B B (Seccharomy
ces cercwisioc} AS 2.576 (S FuBREE), S. cerewi

sige DT BHZBIR AS 2.552 (Swle REER) fEH
b, FIRHETEZERIETHEOEE FEM
EL(S. carlsbergensis JASZ . SOOI [ BE BE(S . mic-
rocllipsaides) 2.699-2-3 X ML (KEE,

(=) BEXFHE

b AN FRBEERRREEE, MERE
freht B BE5ERT, RIHRRE X 4HRRSCR TR AT
%o B—RERPAMEEBEER Swle RER
=RAEk, ERBAT <A TR KET #
Ko HEHERAIX

(Z) BRBEMERNNNE

MTEAER, —SFANMHEEELES
BRFOET MR, FREFENEEREN
25%(W/V), B8 E RS W E 5ol R B
SR EHAEERMRER BB, pHS &
ERiF. #H£30C THILER, BERABRINE
HHEEERENRRT G ARG ®BET.

1.Co, B2k mTHEEERET E COo, i
# co, =R & /PRGN E

L AMETEESRREE: R100nl R
B, AT pHY .0 &4, MAE 200 m!, HK

AXT 1980 £ 3 12 HlicElL
Fik, BREEERFELTREN, FFLR
o

© HERF BRI R AT S

i5P  http://journals. im. ac. cn



t 5 HOEHE: BEHEMAREN V. 49

W0 100ml A ISCRAFT, AR
EfMEEREE RELEHNEIEESE,

() RREPNIHEETME

ERET R, REOEN SR S RNAE
REBERMEE R TE. S _HEENESK
A3, WEH Whuman | B, FPFEMHET
MUDERE A (6:413), BEFA- A+ B+ Sml
85% MOBERE, H A N 1z ZFKRET 5ml A/
B BIR A 1ml ZEBIRT 25ml B, TE20°CE
HREETIR.E— 30 /N, Bk 24 N, B
EEREE T, BEET s0C H#T 10 2448, R
B B RN ) A R B PRI 5Y

% R

(—) BBEMERAZSRNPER

MEHERAEREEEN P ER T
o, HRA IR BB, BACE EEIK
R T 8 A TRV R 2 ) R K AR T B B
EREOEEREFRRDY, LRI
B RGLRE TR ECE

1. BRERE S 2.576 (A ) 5FREH
2.500 35 KBS BER RESE.
2576 BUBMATUESRE M A BE W EHAEB Z R
(2.9—5.4 gCO,/100 ml $E3E), EitEE
EFHEKE, NELE Bk 2576-11 R
2.576-14 4y 955 2.500 FYBE I EE MR 2,500~
1 %0 2.500-4 &, LG H 10 M, &5
THRl, ATREBUASIE %
Bk, SRIBARE BB F H 513 A
H316 EfTHEMSE, HEHFAFE_EHR
H REAXENBERTEER H513-2
5 H516-15, BEAEEfTRE, 55 16
R AL R A A A (H 805—H 820),
o HB08 Fn H 819 BEHERY AR I T
F#E (& 2o

2. UG B2 £ 2.552 (Stole &) 5/ H
EE AT BNEEEEE 2.552 5/ iR
g 2.699-2-3 DIHI-F X T Bl b g iT 4%
Z, HEBENRE &K (H823, HB24,

21 FRANGQHRAHERN

Table | Fermentative ability of interspecific hybrids S. cerevisiar strain 8 % S, carlsbergensis

s RERE %#/)(CO,g/100m1)
Strzin Cross combination Fermentative ability
2.576-11 a melY 5.40
HH 2,576-14 a mel™ 5.20
Parent 2.500-1 « MEL*Y 1.56
2.500-4 a MEL* 1.88
H505 2.576-11¢2.500-1 4.71(5)0
H506 2.576-11%2.500-1 1.66(5)
H507 2,376-14%2.500-4 4.98(5)
H308 2,376-14%2.500-4 4.96(5)
ZeFh 309 2.576-14%2.500-4 5.04(5»
Hybrid H510 2.576-14%2.500-4 5.03(5)
H313 2.576-14%2.500-1 5.41(7)
H514 2.576-14%2.500~-1 5.30(7)
H515 2.576~14%2.500-1 5.45(7)
H516 2.376-14%2.500-1 5.34(7)

1) mel~ BRREME M MELT S RBEBE R,

mel~ = non-fermenter of melibiose MELY = fermenter of melibiose.

2 ESARFRTLIRERKRMUTERE,

Nuinber in parenthesis represents total aumber of repeats.
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;2 HS513-2 X H516-15 ke
Table 2 Comparison of fermentative ability of hybridized strains H316-13 %X H513-2
i<k oo £ e % 8 F1(CO,g /100mI)
Strain Cross combination Fermentative ability
TR H513-2 MEL* 4,91
Parent H516-15 MEL?* 5.54
H803 H513-2(MEL*+) %X H516-15(MEL*) 5.42(2)
HB06 H513-2(MEL+) % H516-15(MELt) 5.38(2)
HB807 H513-2{ MEL}) % H516-15(MEL*) 5.51(2)
H808 H513-2(MEL*) ® H516-15(MEL*+) 5.58(2)
H809 H513-2({ MEL¥) % H516~-15(MELY) 5.38(2)
H810 H513-2(MEL+) % H5L6-15(MEL") 5.54(2)
HSI11 H513-2(MELY) % H516-15(MEL*) 5.27(2)
R H312 H513-2(MEL*) X H516-15(MEL*) 5.55¢2)
Hybrid H813 H513-2( MELT) X H516-15(MELY) 5.42(2)
HS814 H513-2(MEL*%) X H516-15(MEL+) 5.50(2)
HB15 H513-2(MEL¥) % H5L6-15(MEL*Y) 5.43(2)
HE16 H513-2(MEL*) ¥ H3L6-15(MEL¥) 5.51{2)
H817 F513-2(MEL+} X H516-15(MEL?) 5.30(2)
H818 H513-2(MEL*) % H516-15(MEL*) 5.26(2)
H819 H513-2(MEL*) X H516-15( MEL*) 5,60(2)
HR20 H513-2(MEL*) X H516-15(MEL¥) 5,49(2)

;|3 2.552%2.699-2- 3R ERAILER

Tabie 3 Fermentative ability of interspecific hybrids 8. cerevisiar strain Stole X S. microecllipsoides

% EET (CO,g/100ml)
Ferment-tive ability
[:E: AR E
Strai Cross combination BREEE 4
\ Molasses Mol ik BE
(Fanjiatan) Maolasses { Baotou)
FE 2.552 4.92(2) 5.37(2)
Parent 2.699-2-3 4.72(2) 4.89(2)
2,5352%2,699-2-3
H823 (mel-) (MEL?) 5.31(2) 5.83(2)
R F :
Hybrid HB824 (mel=) (MEL#) L42(2) 5.56(2)
H3§25 (mel~) (MEL%) 3.36(2) 3.83(2)

HB25), Xesfufhifk it & — 9, Hi
H825 B R, H824 ez(F3). ¥
I HRERTRESE, MduEH A BER
iR, MNEERe AN TFEngs —Ek
Rk H825-14 &5 H824-2 #7448, 3k
BsAMETEEEN A R (H870—
H874) BB RBE B I R (E 1)

3. AARZ AR MERHEAN
ARERZFRADSIEHRBAZR R H 808
A HS25-14, HB08 SHMANFRED
NE_BERSEEERA, DIRXE i
A ENA; H825-14 SFEH/
HEESNE BENANEEER A,
EIRBH Swle RIOEEERR, X T ¥
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BREORF, HHNMREBRE RO
BHITEERK ., FREILBE 4 3w
Fr(Hs68, H869, H875, H876), Sl
¥ A R K Swle ZoATHRREBRE, FR
FITES, MWESHTEHRNREEE
REFMNEERE, S I R, BE
RE b d 7 H Swole REEEE, Hd

H 875 REEARRE R FETEE AR E S
I L — 08 H8Y5 B BERHS 75~
7B F0 H875-10B 43 55 DT RELWEIRL
B, 3B Zefbrh, Ho46, HO48 SR
b e kb, B8 LSl E S A st
ERIXERR 2T AR AR, &
REASTEEESTLR (B 1),

5.

S. ecrevitiac 5. S. cerevisiace
Strain A Carlsbergensis Strain Stole Microcllipsoides
2.576 2.500 2.552 F— X —1 2.699-2-3
[ i I
2.576-11 2.576-34 2.500-1 2.500-4 ‘H825 H823 HB24
Y ) 9 Y — _—
e [ “
1 3 <
[ |
H505 H506 { |H513 - — - H516 H507 H510 Hg23-14 HB24-2
> =
H513-2 PR 1516-15
| *
—-—— HB08 _ . .
H8035 ] H820 ‘
“— —X |
HB68 H
869 HEIS  Havs HS7L ~ - < . Hs74
DT-178 7:* H875-10 B ">+< DT-238
Ho38 — - HO46 — ~— H947 HO4B ——— H949 -~ - HS55p
EHt ErEMMEREERtRE
Fig. 1 Pedigree showing the cross breeding of yeasts for high ethanol production
M4 FTHRBHERHLE
Table 4 Comparison of fermenmative ability of hybridized strains M825-14 ¥ H824-2
= RERE REE ) (COug/100m])
Strain Cross combination Fermentative ability
= H825-14 MEL* 5.23(2)
Pareat H824-2 MEL* 1.72(D)
HB70 H825-14{MEL*) X H824-2(MEL*) 5.42(3)
2k HE71 HE8Z5-14(MEL¥") ® HS824-Z(MELT) 5.29(4)
_ H872 H825-14( MELY) X H824-2(MEL%) 5,38(4)
Hybrid H873 H825-14(MEL¥) X H824-2(MEL¥) 5.42(3)
HS874 H825-14(MEL*%) % H824-2(MEL") 5.49(4)

© PERERER
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®5 HB0B 5 HE25-14 AMEHHHE
Table 5 Fermentative ability of hybrid strains H808 ® H825-14

ﬁFE?-‘)'J (Cnglmplf_ni)
T D T Py crmentative ability
Strain Cross combination Pheno type %%Eif;ﬁ Eﬁaﬁf
(Fanjatun) (Baotou}
Fekk A # - 5.01 3,46
Parent Swole & - 5.14 5.42
HB68 HB308 X HB825-14 -+ 5.20 5,55
Zrfh HB69 H308 K HB825-14 +HH 5.24 5.55
Hybrid HS873 H808 x H825-14 H+ 5.30 5.49
H876 H308 ¥ HB825-14 Ht 3.24 5.61

(=) #AFEBEHERE =54

1. defbh H875 S5 ~F#H A & & Stole
ABERE R I RBEABRE,
ACO.MBERENE R HSIH
2.552(Swole &) K 2.576(AA R ) AT
ABEBOE D, RBWRTE 30C, HiL&HE
TR, ENUE CORENER, T
Bk, WMBEREN, M HIS 2F
EEFEEEENABEEL RN ERRS
vk (B 2). H875 FrEEMLE B
RAGENEEEE_BEASHELRE
R— T RIFREIRAE X

2 ER RSN hES BHH

B3 R e R B Dt A P B v
S F K Stole REIF, b H870 f1 HE7S
BURR A 5 1 R vk — o o BUBEAT R B R
B, & 31=FN3800ml BEHFK, #F
30°Cc THILETE, REF 2 RIGERBEREBE
B. EISCE&HT . MERKRLER, E
HERE SR, ERINTE 6o

M6 FIEH, DUERGHREEY
EEl, H875 T HS70 4B ESEET
PEFEER, if0 H875 H{RT H870, HE75 4
Btk FE#E 2.576 F0 2.552 R B R S
109% f121.3%, LIEKE BEEAR
¥, ERETREBS RS 3.2% f6.6%,

;6 sup HST0, HSTS SRpMAM~RILY

Table 6 Ethaaool production by H875 and H870 and parent strains
HESRV/V)Y lnﬁﬁffﬁgﬁﬁaol
Ethanol 6(V/V) production (95)
B RRE Bk
Source of . 0 KB E ¥ OH O |HRE. 2.352 ZFp2.570
molasses Strain No. of cxperiments Hvbrid: Hybrid:
Average ¥ ) ¥ )
1 2 3 value 2.552 2.576
B 2.552 6.86 7.50 T.02 7.13 100 —_
LR LR 2.576 7.99 7.99 7.42 7.80 - 100
Fanjiatun H870 §.40 8.40 - 8,40 117.8 107.7
sugar factory | yyg75 8.48 8.90 8.58 8.65 121,3 110.9
YL o 2,552 7.99 8.64 8.48 8.37 100 —
Baotou sugar 2.576 8.31 8.81 8.81 8.64 - 100
factory HE75 8.73 9.06 8.98 8.92 106.6 103,2

Fermentation was carried out in 3L flasks each containing 800ml medium comprising of 2596 beet

melasses, pHS, at 30°G.

SYRRFTTERSHER http:/

journals. im. ac. cn



14 FE4H%E. HBERRER V. 54

£7 TRZ#NERTR

Table 7 FEthanol production of hybrid strains

EHaE (V/V) PR (%)
-~ Ethanol 96(V/V) Increase of ethanol production(%)
H *%Rﬁ Iz : - - 3
Strain No. of experiments SR ! R DT R HETS
1 2 Average value Hybridi DT Hybrid: HE875
DT 8.31 8.56 8.44 -_— -
H875 8.48 8.64 8.56 i -
H946 8.64 8.64 8.54 2 1
H948 8.04 8,81 8.73 3 z
6F
H 475
Lol

€O, Producedig)
[\
"0,

\\.\.

0 z:| 48 7l2 9% 120 144 168
& ¥R (/NN ) Peried of termentation (h)
B2 EEk2.576M12.552 5B HENSH
B AR AL
Ftg. 2 Time course of alcohol fermentation
by H875 and parent strains 2.332 and 2.576.
Fermentation was carriad out in 250mi Erlenmeyar

flasks, each containing 100ml of fermentation me-
dium, comprising of 2525 beet molasses, pH 5. at

30%¢

X H 875 O 2R, WHE
DT %8, 4R Ho46 F0 H948 fF JuFh,
REEERE, BEFRNERESE (£7).

LRERBRBEBNSIT: ERBhR
W £ 4 B AT 0 S R AR AR T Stole REESY
TE R BE SR F i AR R AR T 88 e fb HB75
e ARTE; ZHRESER AR
(E3), XEEMEBHAMAERKES
HEAE ERRE, MEBHNEERE

0
J

O

CK 2,552 H8&7s 2576 CK’

B3 Zedk HB7S Saeik 2.552, 2.576 REig &
AR

Fig. 3 Paper chromatogram of sugars in the
culture broth of H875 and parecat strains
2.532 and 2.376

CK: g ( LET: R BT
CK': | %05+ 198 55+ 1 21 T RME Gl
(MWEETF: ERE.E R ATH

CK: Moiasses broth
CK': The mixture of 1% sucrose
19% raffinose and 19% melibiose

HAT RGBS E RS B RER,
R EREROIEE SN T BT R
B e IR B
2 w

BBEEEERBIRSD, EEFA
Hoohi R A 0, TR RO KR
F 58, RUH S MR, BETHEESTR
BT T S AR BN,
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Y1 = M

22 %

ERBEFH ZBEER. ERHeHMT
B, LU R R e i

1974 4, EIMRIEZ FHER M T
BN SR, B Saccharomyces cerevisiae
A BRFIS. carisbergensis 2435 g, HEBAOFR
675, 738,112 SREEN FkiE
& 1%%, BROIMEEEAR EBER
FOURERIMEREANDEERER.®
BRRAETHEEE LB IR BRI
E&HTE & T A" ERRSRGRER
B A AMEER Swle )R ZBRTH
MR BRI IERES FRER)Z
HETRE. MEARAPRBER H 875
fFp, EREHFIMLHERESERE™
B23—10%, HEte2 P AN 7 8. ¥
H875 SMERR4E=EK DT SRR,
M20 ASZpFhb, B H946 R H948 BIER,
BRI H875 1B 2%, RGN
FFERENHE, HBE A R R Sole

#, LT Kocuxop BB N Jefh, X ajaE
SR{TEANERREE X, Bln, e i
BERNEN BNEAT =M RASE,
BoBERRET e, X
I % 5 374 59 STIR

£ F X W
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HYBRIDIZATION AND SELECTION OF YEASTS

IV, BREEDING OF YEASTS FOR HIGH ETHANOL PRODUCTION

Cai Jinke

Zhang Borun Liu Yufang

(Institute of Microbiology, Adcedemia Sinica, Betjing)

Interspecific crosses between Suaccha-
romyces cerevisiae strain H 2576 (mel”)
X Saccharomyces carlsbergensis 2.500
{(MEL*) and 8. cercvisige strain Stole
2552 (mel™) X 8. mucroellipsoides 2.699-
2-3(MEL") were carried out by means of
micromanipulation techmnique (Fig. 1).
Hybrids fermented raffinose completely
in contrast to parent strains. Strains
and Stole which fermented this sugar only
1/3.

Crosses between hybrids HB808 and
H825-14, belonging to the two different
crosses lines were performed by spore-

spore mating method, Tt is evident that
in most cases the hybrids H868, H869,
H875 and H876 could attenuate molasses
broth more rapidly than industrial strains
51 and Stole. Hybrid HS875 produced
more ethanol, about 3—10% higher than
that of the parent strains.

Further, hybrid HS875 was crossed
with 8. cerevisige strain DT. Tt was
found that one hybrid H948 was able to
produce up to 3% higher level of ethanol
than strain DT, and 2% higher than
a875. Hybrid H948 seems to be an ex-
cellent ethanol producer.
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