S TIRENR12(FET]) . 157162, 1996
Chinese  Jourmal of  Biotechnology

BYEL R E) IR A AR & U AR RE A S 14 HE

T & bEFHT gEE F H

(LFEREREHAEEEIRRE FH 250100

B O RSB REANAE, EE T 14 BT B AR R Pickia stipitis) 7124 F B EEEAF
( Succharomsces cerevisiae) 1300 B9 Fr SRIERIZE fR . MR Z “E(PEG IR RS RBOER &
Bk, ST T S AR AR O AR TR SR AU R R AR R B . R T RECRRACRE TS RER,
PR K B AR ACHE T B A Al 0 B R R b, R A YR RS LR R T R B
7124 HHTRE . A F4 DNA & B R4S f 2 E YRR SE 35 L 00 R s E ML -

ERE W THOREEE, BUERLE, BRI R, AR

LB E L E DA EM BN EERS, T RN 10% —40%, REE AT HERTRN,
HEBEGBIUMAEBRRSMAEDHEL, BRARAE S ELBNINAE, BTSN

AR BEATT R TG ELTHERENEER AR, — HRFPFEMARELNE

B, LTSS AR (Pichia stifttis), B BEAMITRA M T, BRASE = &£ 2808, HOVA %
EERARE SR 2, RO TR RS A At 22, B T HAE mbr R R . Tl B
B ER T BE B ( Saccharomaces cermszae)ﬁ@ﬂi%ﬁyiﬁfﬁ@ﬂ‘%, HE RN SRS, AR Y
A, BARRRBEARER £ 0. FERERR ALY CEESRMEHGTIE, S
BHEHF MR AU R RE T &R, AR5 &l o A A R a SR,
3 G SR R A R B READ L B AR B AR SR, TS BE BE A R R L A B A R A A A R
BEOTIR A, YUE A AT AE 7 RO BRI R bR, S U AT K B -0 ity 4 T A D B 4
it GBS HERBEE S BERMS SRR, EWETH T LB,
1 APk
1.1 Bk .
BT HEAREERE (P stipitis )NRRL Y-7124, 5%, tH £ E NRRL Lo = 24t EREEG
(S. cerevisive) M-1300, {5, L AT 2 @4k, BULITERE INVSl (MAT: , HisTrp’
Leu Ura ), BA5R, £ H 8 FRGRIA, i B JLBe {8 K4 B. Habn Hagerdal HRIRHE,
1.2 iEseR
SERE . YEPD BHEC, EARAE. YNBEAES, 2BhdlERE X
KEEERSP 0.4%, BiRE 2% . BBERIFEEE, Delft S5, BB AR AT & BRSO R LM,
B R B S B S . '
 EIEE A
AT 1995 & 7 A 15 AdrFEl.
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1.3 FERGHETRE

1.3.1 BERERSET . f4uEsE L EIEIERTE ARFBEREE, 48
T RHF B B B R N B . PR AR T R, T TR R BN I O B g R,
1.3.2 BREHREBRETT) . R R 6 S A RS B UVONTG &
DES % F2#1iER, R ER SRS HEFRRBE,

1.3.3 FAEFERE. A 1%5%84-88 05 M B 90min, J7 i 1 ILCEK[S, 7],

1.3.4 FAEFRKEE: PEGHRMET T ABEIHA"Y . AH BIOQETHEHAFA
FYL(EE B. Braun 247 ), HBKERE 11kV-cm ™, BB TR 10ps, Bkt 3 3K, Bk ok (7

].So

1.4 BEFHL247
1.4.1 HREBRNE. BH00EEN SRS RINENRG T 0, 0 RR), REL
= V——— (—)Z%ﬁ‘?&lﬁ@ﬁ:f

1.4.2 DNA &EME. Fﬁ}tfﬁt[ﬂ%ﬁrfﬁﬁxﬁﬂéﬂwﬁﬁﬁ DNA f&, X [10] M ik
s DNA & &,
1.4.3 RAZEMAHER. 201,
1.4.4 BETFHBEENE. B TETSERE RS EM, B 5 RBA Delft
BEseHh, %;ﬁiﬁmﬁﬁfﬁﬁﬁmﬁﬁi@&aﬁ HEREHEEERMBE AT
1.5 B¥kaERNEBEE
1.5.1 BEHREENSELINE. FEMMERERIIINA 2%.4%.5%.6% T,
1001201/ min, 28°C ¥ 35, W 5 RS B kAR K B v '
1.5.2 RFFERE. 250ml = A 30ml Delft #5353, 70r/ min, 28°C F£ 3 40~ 50h,
1.5.3 FIEAEE. 18mm X 180mm RS2 20ml $E 558, 28T # L K FF 594,
1.6 SIBEHZE

ZRERPEWIE KM S, AR R R B kU, A IR E M E . DNS
BB R R, B KBRS St E AR

2 BREH

2.1 BEBRERERS

VR RS R 1300 AN T-HEARBERE 7124 ﬁ%ﬂ%ﬂ?iﬂﬁﬁgh FERER T, EW
SRR TRITFEHRN/DEE, B UV.NTG.DES 1574551540 4b 8 B (24 40 i, 0
FEH T 3 BRENEEE B8 SR R AV 11 BREESREEERE FRELE AL,

I BRI A 1300-4(His ) B T B REE B 7124-A3(Met ) . 7124-51(Pu), 7l 8 JFLAE IR
e RH PEGHSMBESHFHE, #TEREGBATHRE, FEFEFEL, K
THTHRABRABRREHRST. BEFOFAEREMEENN 10°, PEG ESM#
EFE 010K, HEFOMERARTT PEGIESHR &2,

LR PRI TT TR ERBGER S . H T REREE B 7124 TR0, A AR A

CRERER, 15SW 25T 20cm AT 30min BIESS, F PEG &, RIBVEEE G INVS B FrEt B
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W EA RS, BE T R EENEE T, FRE THEARERB R ELE, K
HEREHEREREM RS T, R 1 I TRE MRS RS TR,
F1 WMHRERFREFIIRER
Table 1  The source of some protoplast fusants

Parent strain 1 Parent strain 2 Fusion Fusant
method —_—
Strain Awrotrophy Ploidy Strain Awotrophy Ploidy Strain  Ploidy
7124-A3 Met n 1300-4 His n PEG A3-7 2n
7124-A3 Met n 1300-4 His n EP” A3-16 2n
7124-51 P n 1300-4 His n PEG 51-15 ° 2n
7124-51 Py n INVSC His Trp' n PEG 51-1 Zn
Leu Ura
7124 v 2n INVSC His Trp’ n PEG 30 3n
] Len Ura

v, uv inactivat-ion; EP" :eleciroporation.
2.2 WETHER _

B IR E (R BO0) A ERA GRS LS K, BEA R ERETIRE R
FFRE, EEREFE LR EMEES NSRS . FEE 200, RS T8 4K
FIDNA SBHTTNE, BER2ATUEN, MEFHEET DNA SR NPRKZH,
HARR L A5 B =2. 1;DNA S B HWR T B fF k=21, " HFRARE0
AL REIN =R S T 30 S EMERM DNA &8, NI AR 34, B, A EFH
FOfEEE FIE A PR S TR SRR G R AT R

T2 FHEUMSTIERE.DNA ZEBEEHERER
Table 2 Comparison of the cell volume,DNA content and ploidy
between the parent strains and fusants

Cell length Cell width Cell votume DNA content
Strain Ploidy
/pm /pm fpra® 107 g cell
7124 12.0 7.25 32988 20
Parent  7124-A3 1.5 6.25 153.22 - 8.65 n
strain  7124-51 7.0 6.5 154.68 9.74
NVSC 8.25 6.5 182.30 9.46
1300-4 7.5 6:5 165.73 10.7 n
51-15 10.25 7.5 301.54 18.85 “2n
51-1 1.5 7.5 338.32 17.24 2a
Fusant A37 9.5 8.0 317.98 19.42 2n
30 12.0 9.0 508.36 26.02 3n
A3-16 10.0 8.0 334.72 17.68 2n

RS TR a3 B2 25 WEIUE, FEITHAMMA BT, £ S FIE YNB B 5
A YEPD SEISFH b, WA A K . BRITG IMEMESE T il T BFISE, RUA
I BBS, WTTHER | R T aetE . s B ARG TH R BERE, RIS R
1 YNB #5555 R I B M, LR HIR S TRIEEM,

2.3 BMATSHTERET 7124 £ RARBEEEIER
2.3.1 FHEEHTHABER. B 1 ATSRE T 5RE 7124 HHE, BIRETH
PR B R, HPILERRS TR 2B AT M T Rk TR, BAT
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RIF TR ERBARE " B S0 R IR,

2.3.2 FHEEGTHAMERE. ME 2 R, #7124 TiE L REF T, B8 20g LK
e 7 B RARAE, O REM R R CRBENN 2.8g L. MEMFHFTHRLE T A-7.51-
15,30 B @ip = Z B2 4Bk F) 5.8 L1 .5.5g- 105 11, UERMRIRE 9 — %

.
6_
5_
J gl
&b
s 2y g
2°r ' -
& —
w =
i 2
=
T
1+ 7
] ! I 1 10
v 10 20 30 40 50

w1 mes b“__#sﬂwﬁ@mﬁmﬁﬁ 2 R TR 7124 IR AR LR
LA ' - TN Fig.2 Comparison between ethanol production of fu-

i E
YL santal and parental strains 7124
Fig.1 Comparison between ethanol production of

In 20g: L7 xylose medium at anaerobic condition.

fusants and - strain P. stipitis In 20g- L' xy-
usants an pal:enl stramn stipatis In I3 Xy Slmins:D.’\g,k7;.51—15;A30;‘A3—16;O7124.

lose medium fusants at semi-aerobic conditions,
Cone. of xylose: 10g/L
[151-15;M51-1; A7124; A30;OA,-7,

2.3.3 RIFE S TR AR S 28, RAS4UKBY PR SRR ET AR
ELMER MRESERNN AL EENTHRE L, £I0HT BN 20g/L, AHE
SR (BRI A58 1:1.2.:1 #1 3.1 BHRir SR BN IR SR, HFEFH
0, BeFRERERESERERE, RBFE SR, AR AR AEEFERE
MERE . RTREEBE TS TS T FERM S B I I05%E:

2.3.4 REFETHRGWEAEE. LMY 20 LT IBHELA 1:1.2:1 81 3.1 AHFTHE
TR E R L R, RS 7R R BRI T 200k 7124 (BUIRWE ). 2 BB D9 30 L
A, Bb A T-5 EAREEFF A R (RFE 4), Hr A3-7 WRTEAE R WML 1.1 B,
HZ RS 11.2e LY, 3N 7124(5.9¢ L) B 00% A4 iIRME R 1.2 K 2.1 8,
ZEEFE B E 10.2g- L7 F1 10.7g- LY, 51-15 #1 30 SH MR & A R E Rk aE (Bl
BAET =k 7124,

%3 BATFEEKTLOEFEEMBATLERIIER
Table 3 Comparison of the maximum ethanol concentrations produced by the
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parent strain {7124) and the fusants

GiX"=1:1 GiX=2:1 (::X=3:1
- Ethanol ’ Ethanol Ethanol
Strains 1/h t/h 1/l
/g1t /gL’ /g L?
7124 30 6.60 25 G.85 25 6.98
51-15 25 7.36 25 7.80 25 §.12
3n 25 7.42 25 7.80 25 8.03
AT 30 ©6.72 25 7.06 25 7.14
51-1 25 7.62 25 8.06 25 . 8.16

# (5 glucose; X:xylose, In 20g+ 1. ' sugar mixtures at semi anacrotic condition.

F4 HAMETEER TI24 REEE 0.8
&5 futk B 07
Table 4 Comparison of anaerobic fermenta- 06
tion of fusants and parent (7124) '
0.5
G:X Strain  Ethanol/g-L'  Yield
0.4
7124 5.9 (.20
1 A3-7 11.2 0.37 0.3
; 30 8.5 0.28 03
51-15 . 8.2 0.27 :
2 0l
7124 5.0 0.17 o
L2 A3.7 10.2 .34 © o
' 30 9.0 0,30
51-15 7.8 0.26 0.5
7124 7.5 0.25 041~
5.1 A37 10.7 0.36 03k
: 30 8.7 0.29
51-15 8.7 0.29 0.1- /‘_;_-4—-'
Conce. of sugar mixtures is 30g-1." .1
z
0 0 20 30 40 0
2.3.5 e THIEMWEAMNNE. £ th

2% K 4% Z B IEFRP R e T A

RIS FFEk 7124(F 3), 7E4% B R

T—?E%{RF’ A3-7 i{( 30h H.‘T’ %ﬁi%;}% Fig.3 (ﬁfittfoﬁznﬁ?i-i;::;Ji..\'tipiti.\‘ 7124

B RIE(ODen (B2 0.66), 5T 2% £ ;) e media containing various amounts of ethanol.

B F B & KA (ODgy 1 29 Ethanol conc. /% ;12 M4 O5; @6

0.75)#EiE, VA 4% ZBERA RS FH R R BB AR B E] . Ttk 7124 SERTET ODg EIY
% 0.25, AT EE 2% ZBER S PR ODeo (B (27 0.57). HEIPAIL, £ 6% LEEIE 3
W, BE FR A ROR I E SERR 7124 78 5% Bt P AL, B RA SR P
R RS, b EFER 7TIMEFT 1Mo E. HEREFHARKKBRES
A3-7 $8 bl

3 WS T A3-7 GEEH 7124 45 G R F iR BE 2
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AWRER TR, B FERKRES A, BT RESFBER T LNmE IR, 73
WEME BRI E—ENEE T FLRMETMHIRE T,
TR E SR T REEARERE JBR 0 T S AR T 324k 7124 TR AR BEAEN A - TR H
BEWMENERARE:HETREARI. A KEMZASE KERCEOEERRES T
—AEA I RRFHEMBORRATER AR REET IR, FhE - FREE
BIETHILIFRET 2%,

& £ X W
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Improvement of Xylose Fermentation by
Intergeneric Protoplast Fusion of Pichia stipitis and Saccharomyces cerevisiae

Mao Hua Qu Yinbo GaoPeiji Li We
( Institute of Microbiology, Shandong University, Jinan 2501003

Abstract Fourteen auxotrophic mutants of Pichia stipitis NRRL Y-7124 and Saccharomwes cerevisiae
M-1300 were obtained by the mutation of their haploid cells. Intergeneric protoplast fusion of the aux-
otrophic mutants of UJV-inactived parental strain, induced by PEG or electroporation, were feported. The
fusants can ferment xylose to ethanol efficiently. The abilities of some fusants to ferment xylose or xylose-
glucase mixture anaercbicly and the tolerance to ethanol for their growth are better than the parental strain
P. stipitis T124. The division test of nuclear gene type and the stability of repeat passage showed that

these fusants were stable and not heterokaryons.

Key words  Saccharamyves cerevisioe, Pichia stipitis, intergeneric protoplast fusion, xylose fermentation
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