ot ¥R 33 (1): 22—31, 1993

Acta Microbiclogica Simica

W PR R B & W R
THf% k4% M & X R I W PRE

(R E BB, L 100080)

FR 4T B i e 2 A~ R P TR R gk P 2 R Fil—GIEg Rt ERE AREE Secche-
romyces carlsbergensis BR RESIELRE T Saccharomyees carlsbergensis A4d FEfTHL %
SEA, EERERBYNEEERIRAK. Hh, F6, F7 ER S A3 REHRNEE
it FINERET H—F# Bs MR, BRI EE R, fARERE DNA

S, AERSHARET .=, Pfsék, FJ Octyl-sepharose CL-4B /K EERHTH M E 4R
WE EEE AR, A3 MM Bkl BB ML IR R R Rk B8 B, ¥
Sm e st g R 2 E K.

K@i SRR W E R RO R H R

I B R R % B AR R R — R ERE T2 Y, BROEEN
W TEESE TERREREARBENR, R0 T e mEL REF RS
BE DI Ah , e T — R A B R S S B RS, DB R B R IR B T R
TRER , oAy 4NN A ARAR KU 1 S A L RUBE SRR T AL I BRI RE T TR AR IR
B, DHTFREOTE. EERE RO,

B RN B RN R R, RNZRTREAKEETEREAY,
3 H b E— R Rk DNA WEMS ol TR A SRR EABRN, WA
B0 7 2 O g e T IOBE I RBO T R HY, X8 B AT By E
I, T XEE, FA RS R AR RN T # B TR R
£ B, i 7 SR A TR A A T RE TR AR B PSR GE T E 4T S B TR R T
Mo BT P b R R0 T e B A S HE MU AR Th IR MR B

A AT E) X A P PR R O B MR RO R AL, B AL BRIUERD
TR B S TE AR IO T B, W— AR BN R BRI R R ERERY Saccharo
myces carlsbergensis B8 SRR A43 e, HKETEREEIGEANHNE
Bk o

R B A

(—) E%
1. Saccharomyces carlsbergensis A43: FOA SR RS AR, B, £ McClary™
SR TIERE EYFRERT,

AT 199143 A 19 Bl
* X TIRE RIS S EB R LB, IR Gt S Carlsbergensis B8, ¥ LB,
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2. 8. carlsbergensis B8 WM KR, KB 048, IEGEE, BXRIMEEMELHA
BAE, 7 McClary S IEFRE FHFRERTo

(Z) B

1. YPD sEeisid,

2. YPG FER EpbEpR IR Bk R 2,

3. YPDG E#EEHE,

4. YPGE BE{fAR3E: IEHWT YPC BAEFRhMAAL BEE 1.5—2.0mg /ml,

5 HFEAREBEN &SR ERE, HYPD, HYPG, HYPGE. £43lF YPD,
YPG #l YPGE ¥:353rh L3 &= 0.8mol /L,

() BEEBMHNE

SHLIERE R Co, MERE B HHRWKE R,

CO, BREBMMESEBILFHEBEREMHT, T 50ml =M% 25ml 12°BX
WEEH,0.7kg fom® K 30 40, FEA 0.25ml D77 28°C =M Kbk . L% 2 /N
BIREREE, SRIRIEZ5 9 X 10' MK/ ml, R EE# 35 7REF 25 Smol /L AORERELLFH 1E A
HEER,

() BEARAREEINE

LA EFEEEREEEERE: BTRUEBS T EERTNEX, S8R
AAMS0Ll YPD gifkiEsii , WEETE B A —5H2RERE, B 28°C B 16 /IR,
KESEL BHE . o8 AENCRALEER N, SRAFRAENR,

L BREERRED: R 200mg 2 16 /N IEERE#, LR B ARRNERER, B
F 10ml pH 4.5 f§ Helm™ & 4558 T-IEERE-RERS AN M rh (3576 10ml ZIBF BY 0 %
o), E 20 o5, ETIRESIELE 20 R, FHHE 2 A MERE 45ml L/REE
B 4ml, T AN K 600nm A0 ERE,

3. AN EE  EEEARARLE, dRieE 10 SR BREREARE TR YA
WiiHo MR 1.0ml DI EHAREHE,7F 0.5ml DI TRXSERE.

() HREENRAKENE

BB AR E2EL, F 0.57 X 14.6cm FOR BB, I 2cm BAY Oceyl-sepharose
CL-4B, Fié& 4mol/L NaCl fJpH 7.0 BESE Mk L &S, ¥ 0.1ml £ L R Mk 2k %
ORBEHSERE GREX 1 X 1014/ ml) LH, LA S NaCl BBEhgsiE=
W, EHEBRBEHNUTHAERE Au(AD, DREBEHENES Scpharose CL-4B }JE
FRBEE A (AID fE43IHE,

RS S ¥

HP = All — Al X 100%
All

(7%) FEFLFCHEPRBY
| LagEmRREYE: T YPD @#EAEKmEDM MaCl, BEEBEERE 2 80kg/ml,
FEMET 28°C K 150/ min R =X, BB SLBE (1.5—2.0mg/mDAY YPGE
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B, AR, BEEARSL BRENHE.

2. R GG R [o7) 253 WA SRRME (10—100,g/ml) EBRy YPD 5%
Sk, EHERER S 1 X 107 4+ /ml, 28°C RBHEF 16 Mk YPDG i, B H X
KHm/AEEREH, B YPG FREN,

(£) 2a@s

Fj Baekon 2000 BMEBHSERIGETRARERERE#S, EASHMT, BEN
fls 0.1ss Bk 128;krRIEEE: 6 3 7; MIRKE: 2 X 50; MR : 62.5us0

(\) RZEERNE

AR kLY,

- (i) 4R DNA =3

Fl HCLO, #5R, —FMakluE™ ™,

g X 5 W ®

(=) ZFEAERCHEIL

| T mEph: BTRERSR R FEE, tRRE&R TR ERORET, 05
BEEBEEG AR, BRRER YPG K& H ISR BEBRIEXNR—BREAN
ZRDHMT BESHEEER, Wilkie® HhEERERRIAR KRS LN
HXo ﬂﬂzﬁlﬁﬁﬁf‘iﬁﬁﬁi%ﬁiimﬁﬁ%lﬂTﬁﬁTﬁ%ﬁﬁE%ﬁii 21s
fRNA ]ﬁﬁo[lﬂ

BRI S. carlsbergensis B8 B MnCl, g7, HEBAKCEE B (BE1—
BE6), Bt BEFEH EEMN, B BE2 5b, HAHMRE REE 20 2%

2. FER Bk, 1981 4F Spencer EAWRBBTEERSE MnCl, fERERMN L E
W R, B AR RE N RS (7] /6, FURMESROREDUBBRER
T?EE,ﬁTEHH:%E—W&%éﬂﬁﬁ%ﬁﬁﬁ‘ﬂﬁﬁz@&%éﬁéﬁ.i’i%ﬁ#ﬂ@ﬁﬁmlﬁlﬂa‘
SRk, HXEREEARk DNA Lrofitkse s B R Bk R B A RE
»igk, RAIFAERKEN E. B. 43 BE1 1 BES, B2T & H By FE I & RS B
[o Ery'l, HEFHMEMFE 1 FRo

®1 WERGRERE

Table 1 E. B. induced respiratory deficient mutation

B o E. B &m %% 3 S
Strain (p g/fml) Mutation frequency
BEl 10 ) 74107y

20 3.68% 10!

100 9.73%10!

BES 10 1.18310°*
20 - 8,25 1072
100 9.53% 10~

(=) AREREFRKEKNTERIOZBEER
LRI 6—7 BT ME PR B s Bkok AT M, b BEM1103 F1 BEM1106 5
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& BEl pRIERR, &% BES AURT#E,

LRt RIANERNE, FrarERiekfarkR 3k B8, BEL. BES BIENE,
BT IR R bk A BB R R, AUBHENMRMREERE Z3NGE 2), Bk
EHERER MRS E ML DT TRBEKS MoCl, hEEZE 4 HibE bR TTRE 15 12

EHEHE,
B2 EROBRELR

Table 2 Flocculence comparison of different strajns

[ LA R (%)
Strain Transmittancy of supcrnatant (T = 600)
BS 7.2

BE} 7.9

BES §.3
BEM1103 0.8
BEM!1106 0
BEMS5101 0

BEMS5102 1.2
BEMS5105 1.2
BEMS5106 1.2
BEMS513 i.6

2REES: HREBRENE,ERLE 3.

%3 CO, B ¥ R
Table 3 Weight loss by CO, (mg) dischatge

CO;(mg) ] ¥ Strain
R (d) BE! riez | o103 | p06 | RES 513 | sio1 | sw2 | sjos ! 5106

1 7 s 5 5 6 4 s 5 6| 4
2 12 6 8 6 7 8 ! 6 4 8
3 22 10 9 I i1 20 8 8 9 10 16
4 205 59 65 | 62 ; 189 49 46 63 68 66
5 218 82 51 B0 . 206 68 | & 92 98 9
6 307 157 179 | oise 0 296 123 ¢ 17 175 179 185
7 199 158 165 : 152 F 202 145 " 177 157 156 163
8 8u 153 157 | 156 i &9 150 | 173 154 158 156
9 14 136 132 | 138 24 M1 | 146 139 132 130
10 13 130 130 | 28 19 s |13y 1ns 106 117
11 13 105 99 ‘ 108 9 07 97 101 78 77

B3 | | :

Rt oo |00z {040 | 1005 i 0ss | 026 | 1032 | 1014 | 1000 | 1007

PER SRR ERA BT B T RE, RBR RS B MR (] L 23S AT A Do vOR 7 K,
SHIFH 1102 % (RDS1) #1513 % (RDS5) WARPREEEHE CO, BRENTESE
MR ES & BREERR L, mE 1802 fon, TR R HE N XF ARG S H FEk
HE Rl
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Table 4 The resules obrained by electrofusion

. M HERETY RERSHE ﬁ&%ﬁmﬁﬁx@*
Exp. No. “l“nde Nuft:ber of friuuonn Number of
. amplitu sant quency flocculence colony
1 6 27 1.35¢ 107 4
it 3 33 1.45% 10 5
1 7 21 1.05% 107 2
1w 6 18 0.9 14 4

£S5 EASHIBOBMELE

Table 3 Flocculence comparizon between parent strains and

their fusants

- BREXER
B B Transmittancy of supernatany (T = 600}
Straia Burus value (ml)
(%) X+SD
35.1 . .
A43 33.2 35.742.9 2.6
3R.9
BEMS5I13 0 0.5+0.87
= Eify WA H
0 Non-flocculence
4.1
BES 3.6 33O Noxn-flocculence
2.9
2.5
L Z N
B8 1.8 L4tl.3 Non-flocculence
]
14.0
Fl-1 L8.6 15.9+2.4 2.1
§5.1
15.8
Fi-2 13.6 15.6+4.0 2.4
19.5
' 7.9
F1-3 21.3 25.91+3.9 2.9
28.5
32.5
F4 34.1 32.841.5 2.7
37.1
32.9
F6 35.2 3304204 2.5
31.0
F7 36.8 37.540.7 2.6
L 38,1
1.3
P8 29.8 23.7-1£5.3 2.9
20.0
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300 4‘\‘ 300 aQ
! ‘l‘ ’I’ \\‘
5 250 A g 230 Y
E 4 ! = . "
3 200 o Y E 200 o 4
L] H ‘\ &2 /
e 159 { e RDSY & 150 z
© K Y — - !
Lol ; y
% 100 H i 5 \; # 100+ :J
- 4 H ‘/ ﬁ‘\ &;‘ 50l ] s -
~ 90 H A Q ] + BE3
3 / “BET © 4 ‘oo,
O | pmergeet 22 et 0 = S e
i 2 3 4 5 6 7 8 9 10 U 123 4 5 6 7 8 9 10U
& Eeetja] Time(d) Z®p4R Timeld)
Bl BEL R KUER IS 11025 (RDS1) gy B2 BES [ WP atBE# 513 % (RDSS) iy
CO, Hiuhtk : CO, W HaheR
Fig. 1 CO,; release curve of BEl and it’'s Fig. 2 CO, reclease curve of BES and it’s

respiratory deficient strains (RDSI) respiratory deficient strains (RDS5)

. FERAHAE: REMIRNER, M FEAGMBRFBOSARE ENRA,
Hla5H 1% M3% HRSEBELTE A43 f1 BEMS13, LIGBIgEAEREK, ok
BIBNIMIRIELZY2G 5 X 107 ~/ml IR A TR 400.], BS54 HYPGE (U SE
1.5mg/ml) M, ERLE 4

S FRFL R SF R A EIA 15 BREE S T AR R ik, 4 7 vRiERE
B sk#k BEMS513 FuRikkk B8 & T EME, S0l B ERHEREE.

() BEEHEEEREESERnER

Lg&K: 5 FHBARSEH 20 REALUS, SR ELRNE R, BALE
HENE, L ¥RE & WREE 2ml DL L, B TR EER. FRERLRYTE, WTE—5
BRRS A=, REE R FE 15%.25% R 35% 45, Hi F4, F6 Rl F7 5%K%
A43 R,

né EEazaz CO, Bl (mg)
Table 6 Weight loss in termeniation bung by CO, discharge

cOo T‘?{:ﬁ d ' |
M\m” 1 2 3 4 5 6 7 f':‘cé"\(i;}'l-
(3}

Strain \
A43 6 36 | 265 397 277 163 21 1162
BEM513 4 29 | 210 384 292 195 4] 1155
B# 6 62 | 449 428 219 86 18 1268
BES 6 sz | 454 #27 | 224 79 29 1271
Fl1-1 6 63 493 +25 | 134 43 24 1190
Fi-2 7 43 | 413 +H0 22 78 30 1203
F1-3 5 53 | 430 58 ! 162 39 12 1169
F4 7 119 | 464 420 | 119 41 26 1200
Feé 5 &1 444 370 g 245 109 27 1281
F7 8 93 | 467 a9 | 232 82 30 1341
F3 7 67 | 513 #8155 56 34 1280
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Table 7 Hydrophobic interaction chromatography of yeas: cells

2 All Al AlI-Al 100
Serain (A (Aiu) All ® %
Fé 0.285 0.04 85.96%

F4 0.290 0.04 86.209%
F1-2 0,234 0.210 36.509%
F1-1 0.342 0.215 37.139%
F1-3 0.262 0.146 4.27%
F7 0.276 0.035 87.32%
F8 0.271 0.135 50.189%
B8 0,283 0.215 24.039%
A4l 6.111 0.005 95.5%
Al g AcHE 2 B RE RO
Al:Absorbance at 600 nm of eluate from Ccryl-sepharose CL-4B Columa.
ALl A E
All-A,,, of ¢luste from sepharose CL-4B column, as control.
¥s @m DNA &R
Table 8 DNA cotent in cell
H & DNA . X &
Strain (pg/10° cells) R&sD 2.08 Ploidy
.12
] R 21
Contrel Haploid 1.85 2.0840.21 1.0 n
bx 2.27
4.54
B8 3.82 4.2440.37 2.04 2n
4.36
4.46
BEMS513 3.4 4.0940.59 1.97 o
4.40
6.98
A43 7.19 6.7510.51 3.25 3n
6.17
5.1
F6 4.28 4.7610.43 2.29 in
4.9
8.06
Fs 7.70 7.50-+0.68 3.61 4n
6.64
5.85
F8 5.35 5.2740.72 .53 3n
4.51
7.75
F? 7.66 7.36+0.60 3.54 4n
6.67
8.62
F1-1 7.78 B.1140.45 3.90 4n
7.97
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2. REEN: FIRBERIENSET 200C W3 12°BX Z¥EHMERMEENLE 6, BAT
RN E RN, —BNTEBH B8 F1 A43 2, Hth F6, F7 #1 F8 &F
B,

L.ARRER B A G KRS R RE BALRN, RS EIIERAR OB
P, RIDL X B AE 3% e Sepharose CL-4B &34 %M, BBt A Octyl-sepharose
CL-4B BERMMBE S E(E .

SWRBMARN R ER AL B B8 3, AT REHEZ M, Kh F4,F6.F7 =#k
EMT A43,

4. 41 DNA &8: HXRE=EH#], USRS DNA ROEEERGE8),

A AP DNA SRBARKDEHE DNA 2R, 7 H4BI& 20,30 1 40, 5
fE RSB DNA R BiIEA T &,

5. REEERE: 9T E—SIEWERNE T, BRI SHREEA 12°BX 251
WIS, T 28°C 153k 16 NRHE, MBI YPD SEAR, B, EEME S0 Mg
EURARERREENE, LR RE 9,

¥ MAETFARENE

_Table ¢ Flocculence stability test of fusancs

Wi B TR B 2
Strain . Number of flocculence colony
F1-1 49

F4 50

Fé 48

F7 50

F8 Y 49

TR EENBREES, XA RBENIEERD 5125 94%—100%, HBAR BTN,
6.2L HEBRE: X#—STUHREEREAEBYE SRMREERENZ AN
1L, 6X 100cm AIBMENIT T AR BRB. FEN% 1.5SL 12°BX 3, R M E
1%, T 10C REL SRERBEACLE, S/A0NRBEED 68% £5H, B58ES
210 2L ERMaR

Table 10 Fermentation in two liter vessel

EBERREYSR e MERE 6§ XS
: Extract content in fermented Bottle caped incubated at
[Z: 1 - broth (9%, w/w) 10°G for 6 days
Sirain Time (d) ity bt
Extract content Diaceryl
1 2 3 3.5 (%2. w/w) (ppm)
A43 11.315 9.194 5.455 3.321 1.846 0.29
B8 10.138 7.828 3.245 1.385 0.23
F& 10.307 8.073 3.624 1.41} 6.27
Fé 10.210 B.171 3.300 1.385 0.22
F7 10.162 | 7.526 3.295 1360 0.24
F8 10,283 8.830 4,077 ! 1.462 0.29
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ARBEREH,MBT 12C RE—R, ARNELERRTE, ER 0% 10,

X PR AR USRS IF 2 KA B R B h R, 48R F6 f1 F7, &
BAMNIEEREENHE B8 Y, RET W RARNMRS. Hh, F6 ¥avxs
REELTHUENYAERET BT RIE" ‘

EREREH, BREAK DNA RERIDEE, HAREREBAR—R/RERT
fTROTL AL RE B F fh g 2o

g2 3 X W

[1) Stewart, G. G. et al.: Can. J. Microbiol, 23: 441—447, 1977,

[2] Lewis, C. W. et al.: J. Inss. Brew., 83: 158—160, 1976,

[3] Holgsn, J. A. et al.: J. Gen Microbiol, 131: 3219—.3227, 1985.

[ 4] Yamashita, [. et al.: Agric, Biol. Chem., 47. 2859— 2896, 1983.

[5) Lipke, D. M. e al.: J. Bacscriol, 159: 797—799, 1984,

[6]) Holmbery, S. et al.: Carlsberg. Res. Commun., 43: 37—47, 1978

[7) Esser, K. et al.: Flocculation in Biotechnology and separation systems (ed. Atiiz, Y. A.) p. 383—398.
Elsevier Science Publishers B. V. Amsterdam, 1987.

[8] Stewart, G. G.: Can. J. Microbiol, 27: 973, 1981.

[9] Spencer D. M. et al.: Yeast Techuology (ed. Spencer J. F. T, D. M. spencer) p. 348—365, Springer-
Verlag Berlin Heidelbery, New York, 1990,

[10] Halfmann, H. J. et al.: Arch Microbiol, 134: 1—4, 1983

fii1} McClary, D. O. et al.: J. Bacreriol, T8: 362, 1959.

[12] Sherman, F. et al.: Laboratory Course Manual for Methods in Yeast Genstics, P. 163, Cold Spring Harbor
Laboratory, 1986.

N3] #HHHS: WETEFMH(R)HE2US-25TL 3 T R H 57,1982,

(141 Fa¥ns: HAMEYERE- B hER RS H Rt 519624,

[15] Helm, E. et al.: Wallersiein laboratory Communicarions, 16: 315, 1953.

[16] EHHOS: WETWFRCE)HA3908 Tl Mg L ,19824,

[17) Jiang, H. X. ct al.: J. Gen. Microbiol, 129: 3075—3084, 1983.

[18] Sherman, F. et al.: Laboratory Course Manual for Methods in Yeast Genetics, P. 75—8%, Cold Spring Har-
bor Laboratory, 1986.

(9] EHHRNEF: BETEFR(),58234— 23670, 8 T HIRH L 51, 198248,

{20) Ogur, M.: Arch. Biochem. Biophy, 49: 178—184, 1952.

[21] Stewart, P. R. Methods in Cell Biology, 12; 121—123, (ed. prescott D. M.) Academic Press, New York,
1975.

[22] @@ SEa: BEERR TR B8 —T0 M, BH % B HIRH » L3 19834E,

[23] Wilkie, D. et al.: Gemer. Res, 10: 199—-203, 1467.

[24] Cui Z et al.: Curremi Gemencs, 16: 273—279, 1989,

{25] Spenmcer J. F. T. et ai.: ibid, 4: 177—180. 1981,

[26] @S BEWERMR,.I19(1); 21—23,i992,

© PERFREMEDTRAETIBESHRIEE http://journals. im. ac. cn



13 LEEYS: WERs st ERs TR 3%

STUDIES ON THE FUSION BREEDING OF FLOCCULENT
YEASTS FOR BEER MANUFACTURING

Jiang Huixiu  Zhang jinling Zhou jian Gelin  Wang li Li jingkun
(Instisuse of Microbiology, Academia Simica, Beijing 100GE0)

Five flocculent brewery yeast fusamts were obtained by protoplast fusion method. The fu-
sants were obtained from a strain of Saccharomyces carlshergensis A43 and a respiratory de-
ficient petites of S. carisbergensis B8 with erythromycin-resistant property. The later is a
Burns Value Test negative non-flocculent brewing yeast. The fusams F6, F7 acquired the floc-
culent capacity as its parent A43 an retaining the industrial fermantative merit of another parent
strain BS. ‘

The cell DNA content determination of the fusants showed their ploidies are 2n, 3n and
4n respectively. The cell surface hydrophobicity has been determined by Octyl-sepharose CL-4B
hydrophobic interaction chromatography. The results showed A43 and all of the fusants as
well displayed stronger hydrophobic property than their parent strain BS. And the cell hydro-
phobicity is in accordance with their flocculence intensity.

Key words Flocculence; Saccharomyces carlsbergensis and Saccharomyce cerevisiae;
Fusion; Breeding
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