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FRAMRRESAZET SRR ERS

HiEH FTER EHF

(ERS TSN X% 300222)

W ¥ AAHSKEESA (Cytoduction) EFHHEMEEFERMENER, EXYRERR
(Saccharomyces cerevisiae) D518 W BT {1 f5 4730, 595 R BERE 5045 HBRAY W R FTRL
REBFEFHEF DS F, HRTAFHEHRERERHME T KD102 B, W ETFoTR
B, e TFRISEREBE, FAUSHUKE 5045 gy R B%, MATHE D518 goH; B E ¥
FEHADMRA TR, YRREHR Heteroplasmon), BREFKDIO2 EHRA TR . F
BREFHRTEER, SRRE, AHS5EKR DI ARMMERNE. EXEARS. &N
W ARG, BEARER, Y TRIERMFAFRELREAAEN EMRELEHYE
REHR.

%Hin ARG, FRAER. ERESA, ARG

EWEREY, AMIRABFEGENREDENEVESE, FEEFEERFRY
FEHRAREROERNE. AR, B THABS AT SEARSHACMNARES. £
BREEFAG, BEFEFEBENEREZHHARER,

MOHKEAFEESELIRAERLY, BHERESH S IER Kiler) BG, 4
(Neutral) B RERISHR (Sensitive) BER S HAHEL, WAKERARFAKL REEEE. SR
BREEBMERRATE: PHEAEATHLCED, AP ERAKRIE., BB E~ b
AeEE, LPEREaEk. B, EERELREESE, LEDHTFERSRN
WERMRTER SR TR ERE, STHRFERSGER, SUABEKEFERREX.

ABBEEERERS, &SP EERER Killer toxin)®, REERBHE
FHRAEZIIMFER RN, K2R ERERME RNA (ds-RNA), BB
REQOQEE, UERN 5nm~40nm HHEHF (VLP) REFETH/HEES. B,
ESHETRIESE, ZRVEBK/AFEHENTEHE, EXREFEIERES, HHAR
SRR ARk, MR, BERARES ST HBEERTR.

AR S M RET Y 5045 (o » hisd « Karl-1 (KIL-k,J o) 4 39 8 5% Bk itk
LR B EREREE D518 MR AT RERAKRS, HEEE : OZEE Y RHUE TR &5
i, HEA_EERSERER, @3 THREMS TR, FASAERARNOZER
A RTHREYER R EE, OREFHREEMAE.

1 M85 F &
1.1 #8

T 18944 7 B 15 HUWe B,
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1-1.1 Bk BTERMOEKRMNTERL
1 LTRRAWNK
Table ] Strains used in this study

Strains Phenotype Matetype Pliod Genotype Notes Sources

Killer yeast 5045  K*R* a n  his4Karl-1 [KIL-K,:] " Kig:;jf:?::iiaf Japan
S. cerevisae D518 K™ R™ ala Zn [KIL-O] p* Receptor strain Laboratory
Sensitive yeast 1296 KR~ afe Zn (KIL-O] p* Sensitive strain Laboratory

to killer yeast

Killer yeast K1 K*R~ a/a Zn [KIL-k1] p* The standard killer yeast  Japan

Notes, Karl-1, Defective for nuclear lusion, g~ Breather with normal.
R* /R~ ;Toxin immunity, have/no, K*/K-: Killer active, have/no
[KIL-k}.Genotype of killer gene, [KIL-0OJ: Genotype of sensitive gene :

1.1. 2 3. YPADEEHE®, EAEFE (MM, %). YNB™0. 67, WHMH 2, 4
HERS 2. pH4.5~5.5; BFEIEFE (%)
YNBO. 67, Hi%H 2. HEMESH (I H

D318 3045 HE 5. pH4.5~5.5. AEBS 2, FHAER
@ = @ EERE EARERETMALRS
“’('é’_ l - 18. 2% BtE 5 235 4, YEPD BB £ %
O @ MO LEIEE 18. 2% ; WERIGHER L iR

(MBM)®; BEE4ERTHEFEY,
2 1.1.3 W. ST @rh¥: 1mol/L 1WELEE.
@) 0.0lmol/L Tris-HCI (pH7.5); M (Zy-
4 ___) molyase) IBE&W: ST ¥ 10mt, 0. 05mol/L
5'—‘.— X EDTA (pH7.5) 0.2ml, Zymolyase-20 000
—& 5mg. 3 BEERBE; STC W W: ST W
g- St 0. 0lmol/L CaCl,; PTC E #.: PEG-4000
35%. 0.0lmol/L Tris-HClI ( pH7.5 ).
0. 01mol/L CaCl,; 0.05mol/L. EDTA
(pH7.5); 0. Smol/L B-F 3 Z Bl ; HER
BEW (MAZK . 100ml ERPEH
(mg) Try. Arg, Met & 48, Tyr, leu, Ise
£ 72, Phe 120, Asp 200, Val 300, Thr 400,

Ade 200,
Bl AANMKSARETER

1.2 H&
TR R MR T
Fig. 1 The Breeding steps of killer beer yeast 1.2.1 Eéﬁ{*ﬁu%%‘%wﬂ%‘%mgmﬂﬂ
by the use of the cytoduction tech- ﬁ%)\%@ﬁ'}ﬁﬁ&%ﬁkﬁﬁiﬁﬂﬂﬂ%ﬁ*cu;
o l:ique . . HEHEFWE 1 5. 5045 M D518 E
. Protaplasting, 2. Cel using, 3. Heterckaryom, -
4. Rege:eratin:, selectable medgium. 5. Sifting ju‘t a HE%%U'}" YPAD EF‘ » 25°C iﬁﬁiﬁ.‘?ﬁ 8~12h,
parent D518. 6. Sifting out & parent 5045, 7. Picking ﬁ:b%ﬁu%@ﬂ(?ﬁ%glbﬁﬁc, %ﬁﬁif}

out fusants from MBM plates, B.Killer beer yeast %ﬂ‘&ﬁzf' 10mt (0. 05mol/L EDTA ‘RE 25ml.
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0.05mol/ L B-FHEZHH Iml RE) HWF, 30°CALHE 10min, BOEBEE, HFMA 10ml
E SOug/ml R AWM, F 30CIRFAH 40~60min, FHARTSEEFEE, Boks
JREFE, P STRHBERL, HBBET Iml STC WP, MER (GHHEK10°/mD B
FEREY STC MR & 30 CIRFALIE 15min, BOSEEHBIET lml PTC ¥, 30CLH
20min, WABHE, HSTCRBRELOCEHERET 0.2~0. 4mI STCHH, B 0. Iml 5 |
EEEREEFERS, METEREERBINAETRLY, 25CRIR 5~7d, BER L
ERAHEEEREFE RS, W om HEBA SomBHERETS, 25CREWHE
2¢h, B 2ml SEFRMEA 50ml YPAD SR ED, 8 A HIE 5045 EEEFH 2m],
SCIRGIES 2¢b, BOREH YT E AV EF R HRAESHE, Bo. Iml 3 Fit
BT L, 5CHF 2~ BEKOEE SR TFRERAEREMTARE
HURE 1296 B9 MBM S EF4R E, 25CHEF 2d, A& MM B LK, 3 HAHER
R MBM ¥4 E E MM EE MHET.

1.3 MEAZ

1.3.1 FERIEERE . TXE. ALuEe.

3.2 MESZGRENRELENTNAE. B2H0R 8) sy res.

3.3 AkmEen . FiEK A 650nm 4 OD {H.

-3.4 REFHER. WIXE 9 ki

-3.5 ds-RNA MR REEREDEIEEER SR . NI (10,

-3.6 WMMTEREREYEE. K GB4928-91 M.

2 HR5HR®

2.1 EREABHENERKBREANE

PRBEIESD CO, RENIEM, W yms rxCMERkrBen, 45w
2, So45 MR ABE A E, HEERENERFREMEEK. B UAegLETS
UHZEFRMEW . D518 Bk RBEREL. NZBEA BE, 548 178, 3F 3Rk 5045
.
2.2 FHRERBENME

MEHERERSHBEEREHER RS ITRERAEH. £hEL WS mE 3 5K
K. D518 WBRAER MM A ¥ ODENY 0.2 B, MAAKIEAITER (6h); K OD EH
0. 87 BT, XML HFAABER (12h), 5045 WHkIEFE 6h (OD {H 0. 1) A X K, 5
5%F) 18h (OD1{H 1.26), MBI H.
2.3 PmELERTAERREHEERER
2.3.1 MPMEEF. TRFUWERN, MR THEI O53% 8~12h, AHEBMAY 3~TX
107/ml) , 20 BROBE 55 0 W AR TE ASL IR A A . TRTOMG  BRXe AU 40 MR 4 o TR e TRk A 25
2.3.2 FiAHEMFEFRECEENEN. CREFOEX 2. TOEMBEOHER, £F
AR R E R E ., BB EN, FEDTA 5 pmB 28R
BB ERERE.

e e e e
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140} oo raf 3045
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_ 4o 5045 04F y
8 20[._ //’——'—“—H 0.2 /,
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—_ ——
.éf/rlixl#s o 4 % 12 16 20 24 28

5 6

tid

B2 FHE¥ D518 05045 Bk
REFES CO, kEthe

Double dioxide decrease curves of both strains

1

Fig. 2

t/h

Bl 3 #E#k D518 #1 5045 WHME RIS

Fig. 3 Growth curves of both strains
D518 and 5045

D518 and 5045 during the fermentation course

%2 Wit sods B REREE RN RS
Table 2 Effect of pretreatment on protoplast formation of 5045 strain

The rate of protoplast formetion/ %

Pretreatment way Enzyme action time/min

30 60
No pretreatment ) 80.14 95. 79
Mixtural pretreatent by 50mol/L EDTA and B-mercaptoethanol 95. 38 99. 99
Pretreatment by 0. 5mol /1. Na:SO, 99. 99 99. 09

Notes; The conc. of enzyme 0. 05mg/ml
2.3.3 BRRERBRBRENAXNBEREERENR M. TRERLE I RAMRBEND S0ug/
ml B EFRE 5045 B HEAY A, B§AF 40min, R WETUENFLHUAMRER T FEF
k. ATHEARBSHE, ELHNERNE, ERELH “B” RERK, FHT
AR SOV EK, AT B 3 S0pg/ml, B RRRY 8] : 5045 BBk N 60min; D518
B4 90min,

%3 BERSENERRERGEREHED
Table 3 Effect of enzyme action condition on the rate of protoplast formation of 5045
strain
The rate of protoplast {ormation/ %
Enzyme v - T
Enzyme action time/min
cong. .
. 30 40 60 50
femg s ml !
5045 D158 5045 D518 5045 D518 5045 Ds18
0. 05 93. 97 92. 50 98. 50 95. 40 49. 99 98. 20 99. 99 95. 90
o 10 97. 98 95. 00 99. 99 98. 20 99. 9% 99, 80 99. 9¢ 9. 90

24 BEFHREUSER
241 RETOUH . BRI L3R 181 P HIE, FHFMBEE MM
AR S50 A RURR 1296 ) MBM P4 L, 39/ & MM 4 E 2 K3 L% MBM
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TR EERMEEES 128 P EE. BRARREBIEN 70, IF 128 KRS T HE
FASMERERRERRE, KPR ART DS18 KREN 10%, 5 D518 il
72%, AR D518 Bk & 18%, B#ET 5045 Wdk. ¥ LR EERMIRE N . bk 5045
BEERSBRERE (Karl-1) EHRKEBEY, REEMKREERE. RIE Conde" RHH
MEERBASHEEIAY, MARMMSEERR “EiE” W, WHEMEUAERTT L
FE—R., HEIEBRFEE 24" WRERSTF. Karl-1 RERHHRBFHE “HE” W
B RGEN (ABERES), ARERBEE (Heterocaryon) ZEEHTE A FHIEM
B (Heteroplasmon), R Karl-1 AR BEBRLY, PERBRBELES, RIH
REAREERAE R SHEE, HIFEN 0.3XY . BT SR DHUBBERR, B2%%EH
3 BRAMMEAREF. WRAEAM ST KD4l, KD102, KD127. W3R 4.

¥4 BERPOFHY DR BEHEIRSR
Table 4 Laboratory scale brewing of the fusants anf the parenis

. Double divxide Autenuation i . . Diacetyl

Strains Coacervation  Residual sugar/“Bx _
decrease/g appraeut degree/ % /mg*ml™!

D518 12. 4 76. 3 1.5 2.8 0. 14
5045 1.6 12.1 1.2 10. 6 0. 20
KD41 12-6 76. 4 1.5 2.8 ‘ 0. 14
KD1o2 13.2 79. 4 1.6 2. 4 0.13
KD127 12.5 76- 4 1.5 2.8 0.13

Notes; conc. of malt 12. 1°Bx, fermentation temperature. 15'C., fermentation time/10d

2.4.2 BE TSR
SRIRERHE#E T (KD102) MK/, 8L, BFRER, £RAEH RFRER
Sy (ERILFES), HRRE, MEKEEIRS FEK D518 HE.
*®5 ZEHSHMAT KD102 HiELEH

Table § The comparision of parents and fusants’ characteristics

Strains
Characteristic

Donor5045 Receptor D518 Fusant KD102
Killer activity + — -+
Growth in MM (¥YNB) - + +
Growth in YNB+His + 4+ +
Dyed with TTC Red Red Red
The ability of Sporing - - -
The mean size of cell /um 5.30X5.22 10. 98 % 8. 82 10. 96X 8. 82
The mean volume of cell/um 75. 580 447.180 446. 190
Axis ratio/% 0. 985 0. 803 0. 804
The form of cell Circle Ellipse Ellipse
The characteristics of fermentaion Very bad Good Good

2.4.3 BATFHEABRR: RAUGHE Fried M Fink J7 k7R EUE R LM & PR A1 KA
VE R (ds-RNA). FIUASIEBERE ek PRI N A 4 PR . D518 W sREMRIRY P AT H
L-ds-RNA f1 M-dsRNA; 5045 B#kEI 2B+ & H L-dsRNA fl M-dsRNA; & Bk
RIY HFH 5 5045 BHRHF Y L-ds RNA #1 M-ds RNA, ATk BIRE & T 0 & 5% BOR
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L2 3 4 s o6 7 s v FEHEFEA 5045 EHRIEHEAY.
o S § 244 RMAETHREREE BEET
KD102 sk EE HFH @ T LELZER 15
W BhOIL MR BRI W e BN bRk
BB R B R IEY, SRR 6 Fim.

B % 6 T4, f & fk KD102 FE £ L8
FRBERERAEELER, RHFRENE
REE L 7E 100 FUHIAY & S MUB ERIE  , —4F
Hk R AR .

x6 BEFRKDI2 H{BEH
Table 6 The stability of fusant strain KD1(2

ModsRNA

Regeneration/th
1 5 10 15

Aspects

Bl 4 ds-RNA Wi FRSRH B S B bk S~
Fig. 4 The agarcse gel electrophoreses of weight/g« (dL)™7
dsRNA killer plasmid
Apparent
1, 2. The standard strain of ky killer yeast attenuation/ %
3, 4. The receptor strain D518
5. The molecular mark of A DNA Hind X +Ecok 1

6, 7. The killer plasnl'lid of donor strain 5045 2.5 H‘%ﬁ E@“ﬁﬁﬁﬁﬂ?;ﬁﬁ&ﬂ%ﬁﬁ

8. 9. The fusion strain KDi02 @%@%Eﬁiﬁﬁﬁﬂﬁqﬁ, ﬁi]ﬁiﬁf]\ﬁ}
i WHERER, KA TEAN 11 470 B RHE
of &8 1 . UL & A FRTEH TR A
PAGHRRT 1296 DRl vE % IR HE B, 1AL
OB SRR IR R B
1296 Bk IHPERITE A . TR AR & REEH A
/ \ S Mg, maEmEs D BHER. X
- V'\\..

13.20  13.10 13.30 13.15

78.80  79.40  79.30 78.50

Activity of killer + + + <

12+ KD102

FE 35°CFALIE 15min A iEYE, 40 C ARG
ek, Sibmm AR EEM K &

The logarithmic value of active cell
o
¥

TR ABERAEELE SRR, %

N 24 E tJh";'Z 96 120 ﬁgﬁ.)\gﬁggﬁao
B 5 Lil:s RBEE KDI02 fugiven > ® BT ORSHENTFEE SO
ROEEMEHEK S ER RS ST L B 1 s 5 R

Fig. 5 The growth and decline curve of inocu- Fl & #R KD102 FU88 {h M & (MR R B I

bating the mixture of strain KD102 TN HTEREER, & 12h e, Mz

and S. diastaticus by propotion 1+ 5 T T ¥k 40 R R AR 4k, 30 22 41 v e AR AL i 28

CRIE 5, A % ) v 5% O B P 1T S R R, RIS 5 o R B BT AR RE AR, 7E 5d

P A AT, BIERR R RS MR BT, BT, SEERREREE
AFeERs, BEEENNHEME.
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The Breeding of Killer Beer Yeast by
the Use of the Cytoduction Technique

Du Lianxiang Wang Changlu Lu Meifang
(Tianjin University of Light Industry, Tianjin 300222}

Abstract On condition that don’t make any genetic marks for receptor Saccharomyces
cerevisae D518, killer plasmid of donor strain-killer yeast 5045 was introduced into it by
use of the cytoduction technique and one stable fusant in genetics KD102 which to con-
tain the good characters of both parents was obtained. Analyzing the results showed that
KD102 was a heteroplasmon which contained the killer plasmid of donor strain 5045 and
the nuclear gene of receptor D518. The KD102 strain had been applied in laboratory
scale, medium-size and large scale beer brewing the results indicated that it can inhibit
the contamination of wild yeast during the period of fermentation, purify the fermenting

system and improve the biochemical stability of beer.

Key words Killer yeast, killer plasmid, cytoduction, protoplast fusion
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