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BRREOZERICBET AN (7#) MEOBRGHBITC®CT
S sk EMREKER - R BF & F - KI§ B {H  CABAFTEGREBTEHE)

## B

B TR TE 21628 D MEEICHEL N T Galactose (GA) F:¢X e-Methylglucoside («MG) DN ONITEE
R ARAE DN & A OBIE 2 B-NTc. KSROMEIM S OFEEIBL THIF I N2 0N S EFOXRE
BRI, PINCHDROMEIRERFRLRL I JICHB 28 7 B RREFL TOIERRE D RE
ERVBEE THEU I 2R EIERO R Cytoplasmic factor OXIKITERT 2HTH D, REEATRY
LMBEORTERAIOFER L § B0 b 2H 2D Iz,

X B A E

(1) FaEsiomEstt: 5% LINDNER /EEREBL (30°C, 5 B it X B, IITHOGET Nagative D
FiRBRT § OILHIT Sugar 29, Peptone 195, Yeast extract 0.5% 77 3 Medium 3ml % Atz VEREEEE(30°C,
5 A/ 2RAWTHRELT.

(2) [ZAfERk: MH ([T U30°C, 1 4 BRI BB, ML IR & i3 Hansenula %> Pichia D&
RY, REMEESRRZGRLORFUTREZIMAHEEDOLOTH 5,

(3) IEWLRE: Alkali production test® (DJFHNT L HER~<Tz, 24B5ICINIC Medium 2 R&BICEIL 5 4 O3
+, 2~5FAKITHEETS b Did Negative ThIWTORBERERDLT I —e~—s& L TRL, 5 LIRS
L THZELL I ERId— & UTRL 1.

(4) Cytochrome bands: BE#® i1 Micro-spectroscope % FL\TEA~7C.

ERERLUICEE

(1) Galactose DOESEHEDBIE

Table 1 {T/RGUL GA ORIEHECBEIL TIO2DMRDO 160K I 3N 5 050 & ERORBEZRU TS
0, 2B PRFRPRER TH DIz, £ T Table 2IL7R4IN X BENBIT 2 AT, ILERORRE 27R4
3 DITNT g x g DHEFHD Segregant [3-7% Negative TH Y, g x GOMEEIZ28:2GD Segregation ratio %
RU; Gx GO Segregant I Positive ThH D7z, ZITRL TREORBB 2 RU I-4@No. 2013 g/g 25
RFBITH 5T 4 ) 59 Positive Th b, # Segregation ratio 32g:2GTh D7z, i Z D Positive segre-
gant (3IEMEHE 3~ 4 HRICP DL MEF 2 BIAT % Slow fermenter Th D, HEDTHEIT DOUGLAS &9 53]

Table 1. Galactose fermentation of parent haploids and hybrids.

\\\, :l? : _ P — TI8%® e in
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Zlzglgg|g€|28|g 8|2 25|
@ \*\;‘+ —+{4 +4!+1+ — |+ |+ |+ ]+
KM-40-4 + } SRR PRS [U ( E  D + |+ ]+
KM-46-50 | — |4+ | — | 4 |+ |+ | =% 4|+ | |+ |+ +|+]|+]|+
HS-2-4 + ]+ ]+ N AR |
HS-19-3 I e e e R e I N T A e S N e T A e o O A R B B
HS-21-1 o s A T T O T O N S S A S A T I SO S I S N S
ST-6-5 + 4 AN A |+ ]+
TO-1-2 + i 4+ |+ |+ |+ |+
TO-17-4 o i S T S S S O N S O N O O RO I R (N SO R A
NO-6-40 S I S I st B S T S S S I S R SO e S I S e i e ol N R A R B
KM-1-1 S T S T O S I S (N O A R A S T S A S I N T B R T
HT-32-1 WU [T (RN N U DR N I A g ' T

¥ Abnormal type.
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Table 2. Genetic analysis of hybrids showing normal and abnormal phenotypes
for galactose fermentation.
| Genotype of segregants | Ratio of g: G
Phenotype Hybrid No.
ag Il aG | ag | G ! (%)
Normal :
— —=— 13 a/e g/g 25 0 18 0 100: 0O
=X = 8 aje g/G 12 11 18 18 51: 49
92 a/a g/G 14 11 15 16 52: 48
93 a/ae g/G 20 16 7 9 52: 48
94 a/a g/G 15 24 15 6 50: 50
4+ X+ =4 49 a/a G/G 0 19 0 14 0: 100
Abnormal :
—X— = 20 aja g/g | 2 4 | 17 | 23 42: 58
4+ X — = — 57 ala Glg 0 0 48 0 100: O

LT 312 GA OREATC 2 7D Gene PEIEL TV 3 & THUIFHBHIE S D, SROFIFUCKRDFITD B,
RITH 5 —DOBISN 12 5 4FEN0. 5712 G/g Iz 5HFEITH 5 L EA 5N BITH 5 3 Nagative TH D1z, AL
Z DSegregantiI £ ag > LR O TN BN SHD § OIZME T2 L, BS SR ED R O Ta Mating
type @ Homozygous diploid colony %2Hl b F {728 D &:EbHiLs,

(2) a@-Methyl glucoside DOESEHMEDE =

MG OREFEICEIL Tid Table 3 R BRI/ IN D LM Y EWORRBERU 1205, 4 ERHR
WIRBAEITH D1z, Table 400 X BT OFRIZ GA OO B GORCEM TIZs» D1, HIBIE
WORRB P RTHBZR T, mgxmghiMEED Segregant [354 L Negative ThHbh, mg xMG OMETIT |
mg:3MG (D Segregation ratio /KL, MGxMG DM D Segregant |54 Positive Th A HY Negative (D
Lo ETFBED LN, RICREOXRRE PRI 4 FEOME No.89, No.92, No.93, No.9%4fili1$ Mg/mg
IR BARTFETH B EEA LA S5 T Negative TH D143, D Segregant i 3mg: IMG 73 % Ratio %
N1z, Mo Positive Segregant (ZRID LA & ARIZERE®K 3 ~ 4 ARIZO D L8224 3 % Slow fermenter
Thote, Z5OHMIRITAPTD 3.

Table 3. a-Methyl glucoside fermentation of parent haploids and hybrids.

HHEARERREBERREEE
L R AL LA A E AR bR LA S A A
o glzglg|glne|elglE el g g |2
« ~
~ \ — =l === ===+ +| ===+ ]+
KMA40-4 | — | — | —| =1 =|=|—=|=|—=|—-%+]= — 1+ |+
KM-46-50 | — | | —|—=|—=|—|—1—=|—|+|+|—-|~-|~—-|+]|+
HS-2-4 — == IN == ===+ =] ==+ +
HS-19-3 — = = == === =i\ + | ===+ ]+
HS-21-1 === =] === = =*+ | ===+
ST-6-5 — | =] =] = IN\N|=-|=-|—=|—-/-¥+ |- ={—~|+]|+
TO-1-2 === ===l =] =%+ === +|+
TO-17-4 === == ===+ ===+ |+
NO-6-40 — == =] ===l == |+ + ]~ =] =]+ +
KM-1-1 I S I S e e e e R R e R s
HT-32-1 ==l === ===+ = =] =]+ +

¥ Abnormal type.
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Table 4. Genetic analysis of hybrids showing normal and abrormal phenotypes
for a-methyl glucoside fermentation.

Genotype of segregants |Ratio of mg: MG
Phenotype Hybrid No.
amg |aMG | amg | «aMG (%)
Normal :
—_X — = 20 a/e mg/mg 6 0 40 0 100: O
13 a/a mg/mg | 23 2 16 2 91: 9
— X 4=+ 21 a/a mg/MG | 10 14 6 23 30:70
+ X+ =+ 97 a/a MG/MG 5 41 1 9 11:89
Abnormal :
+ X — = 89 a/ae MG/mg | 18 5 25 11 73 : 27
92 a/a MG/mg| 19 7 27 4 82:18
93 a/e MG/mg | 29 7 12 4 79: 21
94 a/e MG/mg | 19 20 18 3 62 38

(3) BBERRREDEIZE

BRI BBL Tid Table 5 1o/Rg i< 6K IR S0 2 030 & ERORBEIR R 1203 | kD B3R
Table 5. Film formation of parent haploids and hybrids.

~ w | . —_ | o e ey | e
. G I o A B B T N RO - I i 0
ST e A PSS ER LA EEE:
; S bl klolololgle B (&9
a . Slg|E|B|B|B|R|E 2|8 0|k E|B|4
\ —_ - - — - — bt -_ - —_ — — - — -
KM-40-4 - == -1 -1+ ===+ == =] = =1~
KM-46-50 — - ===+~ =+ =1 -] =] =1 =1
HS-2-4 == I\l -+ -]+ ==] =] ===
HS-19-3 — == =!=l+!=]1=|=|\|—=-1- -¥ - - | =
HS-21-1 S T S S S S S S I S I S O I S S + A+
ST-6-5 =] === N+ =--1—=-|+]|=-| = =|=]=1=
TO-1-2 - -] =l+ | =] ==+ = =] = =] =1 -
TO-17-4 -] - ===+ ===+ - | =] =] =1
NO-640 S T S T S s S T S T O B S e o e o M A e S A
KM-1-1 - - =]+ ===+ =]~ =] =] =]
HT-32-1 el e e B e e e e B I I S B e B e B
¥ Abnormal type.
Table 6. Genetic analysis of hybrids showing normal and abnormal phenotypes
for film formation.
j Genotype of segregants | Ratio of f: F
Phenotype Hybrid No. !
af aF af aF (%)
Normal :
—_— = 13 a/a f/f 25 0 18 0 100: O
4 X — =+ 95 ala F/f 28 21 3 6 53 : 47
4 X 4 = 49 a/a F/F 0 19 0 14 0: 100
Abnormal :
— X — = 124 a/e f/f 15 12 12 16 49 : 51
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ORBEETH DI,
Positive DRBEIZRL T2,
FARHTH 5.

4) WEREREDRE

BifERRI DBEERICK T FEREEICBAL 39X T Positive Tdh D12p5,

BRoo R ORI TERIIEREE 2 REL TL D12,

Culture O#y149 HFFIER 2 REEL 12,

(2895

MO No. 12443 Table 6 [WRIML ZORTEILI/f Thd EELLNBI WS T
Z OBIGIBFT ORI 20:2F D Segregation ratio %2 7RL, IEOHRVIE IRFEIED

8 & A MH ZX{1E TRET 5 £ 122
BERD IR T~ 1o < B 2 R BRE L 1T R BT s
25558 Culture D AT T Z D Cell population D 1 ~ 2 % H3REHPLTH DT DI

TEEND &, BRI E D

Cell population {ZR&DTU ¥ 5 Fids b Ifilic BAEERIIREE TH B9

4535, Table 7 R34 & FEREEICBIL TIO2MR DD AH1588k13 Positive Tdh b, 4 #khS Negative Th
Table 7. Respiration ability of parent haploids and hybrids after 8 months’ preservation,

21y l-Jale |- ~al8lelsl2]7

N HEEEBHEHBHEREE
L, . |Zlzlglgigln|e|e |22 |E|R K |52
\ S e S I e T S A o T S N R TN S T T O A SO A S

KM-40-4 |+ A+ |+ ‘ i B e e S N S I S R S N N S I S
KMA46-50 | + | 4 | 4 |+ | 4 [+ [+ [+ [+ [+ |+ [+ [+ |+ |+ ]+
HS-2-4 st e NGRS T SO S S S (T (O S
HS-19-3 el T e S s BRI S N I S I NGO I O (S BB (R S B
HS-21-1 + 1+ |+ i+ |+ ]+
ST-6-5 + |+ [+ |+ N\ F ||+
TO-1-2 + |+ [+ |+ + [+ ]+ |+ ]+ ]+ ]+ 44+ |+
TO-17-4 i A T S e S N S A o e N e ol I SR (N S A S N R I S S O S B S B
NO-6-40 et S e O RO S R o I A S O A S s S O S o A e e i A o
KM-1-1 i e i R I S Y I R S T S E (NS N R (N S A S (T S I S
HT-32-1 SR T s ol S (R S s S T SO S S S T S N T S S S I3

D7z,
Tish, HEDONEEEDKEIIFEE BIINCEM DT
LT ARICEDNS.

TR AR % REE L T TR I RS EEARE N & REEL
TRLBEL DY, &L HFRERRELIZLDTS
SR IBEAENZ2TRTEOIHEET S, RANE
BEREEBIIWEN LD OO TH H, Alkali
production testit 8T 2~ 3 B HICREICENT IE
I TIIHRESD Cytochrome a band 23 6 /g
%3, b band [ JEMEERD ONE. RL4~5HE
RGBT IERE TIE a, b band D 61T, ¢
band FIIEHEKL D EHTH 5.

i 2 OBYBEINC IR BE %2 REE L 72 Negative (D BifH
BREREN S & Positive D BifAkE & 2 3ZEL THE
WRERKDBIRZ BN, 55— x —oD Diploid zy-
gote [3F5L Negative T % T AT E LY
Ltz RU— x—a,
— X+, —ax+OW xAE/ T Diploid zygote i
2 Positive Th b RIFSHTRMETL I H50

— X —g, —4X —9g, —aX-—ag,

ZU THKRD b 2 T3 D 4 K OMFED Parent baploid Of/7 R flAip—7 § IR4: & FIRRES KL
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Alkali production tests for respiration

abilities of haploid segregants from the hybrids
mated negative- by positive-, weak~ by positive—,
and positive~ by positive- haploids.
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Diploid zygote %>% Haploid segregant % H(H U & DREIEE % BT k55813 Fig. 1 om<izs, Blb—x—4
D% Diploid zygote i» 5 TH #9102 D Positive segregant 241U, — x —s Xid— x + O X § O 513
50% @it Positive segregant %2f8, —ax +Dd O 5i3#90% D Positive segregant »31F 57z, ML T
Positive : Negative segregant (D3 Alkali production test DR DERNICHFIL THKT 3. #E4N
{¥4— x +® Diploid zygote % H 23 & 2 —: 2 +|T segregate | TIsh, FIKEERELRIT Gene (L &L
THAHEZKCRE o a, RUREEE S A EIIZAEIHE Positive & 25805 Riud, ORI
Mutated gene & U TFHAAI NS L H § EPHRUSSID~®EHGRNTU A1 £ 8 A Cytoplasmic mutation® i THh
3. HILFREEREERIIFRREFZARDO KT 59 5 Cytoplasmic particle DD IIMEKIZ L DEEA
L3, L TRRIREEREDHE 4 DEYFIZ D Cytoplasmic particle DM BICHIET % & DO KRB INSD.

Riz Table 817 3 162Fk DR 2 MH JERANE T8 v B MRFROBTFER I 2 RS, DEEKDTER]
CHITED BRD OV TICERUNEBII4IED DI, ML T2 5 ORI it filti»—7TF O Parent

Table 8. Sporulating ability of hybrids after 8 months’ preservation and its relation to
respiration ability of parent haploids.

AR RRR
\*\~\\a?$¢$$¢+?¢$§?’?‘§.z
. . ElziElElEla|E|R|2|8 R E R KA

\ + |4+ -+ | 4 bl i 4 1A - R 1
KM-40-4 4 | 10|70 50|80 |40 | 80|40 |30 |30% 50 60|40 15]| 60| 80
KM-46-50 | +- | 70 |90 | 80 | 80 | 70 |<C1¥ 80 | 70 | 15% 60 | 60 | 60 | 80 | 70 | 60
HS-2-4 —a4| 20% 50 | \ | 1% 50 | 10% 10% 20% 0% 30% 50 . 2% 30% 40% 70
HS-19-3 — 150 | 70| 60| 0% 40 | 30¥% 50 lo*f N\ | 40 | 30* 20% 80 | 60 | 50
HS-21-1 + |50 |70 | 50 | 80 | 50 { 70 | 50 | 70 | 20% 70 | 50 | 70 | 40 | 70 | 50
ST-6-5 + | 70 (90 |60 |\ |80 [90| 70|80 |30% 35|60, 70|90]|60]| 70
TO-1-2 + | 80| 80|50 805018050 60|40% 40 | 60|50 | 60 | 75 | 80
TO-17-4 + | 80|80 60|60 70| 20% 60|30 | 10% 50 | 50 | 30 | 60 | 20 | 80
NO-6-40 —aof 40% 50 | 10% 80 | 35% 5% 10% 5% 1% 20% 10% 20% 20% 30 | 50
KM-1-1 —2/ 90| 80|50 |60 |50 50| 10% 20¢ 40 | 40 | 70 | 1% 204 70 | 50
HT-32-1 4 | 30| 60| 5% 60 | 85| 70| 30| 15% 10% 40 | 20 | 15 (30 | 35| 70

¥ This indicates that sporulating ability is decreased over one half of the initial.

haploid 3 FEIAE % /REL Tz, LR EFCHEOIRTER DIOTRIIFERED KK & B BED & 2R
Td b, Cytoplasmic 2K TREZMTIAIEINTN AT H 5. BERD IR TRIFFROERIZ OB TIERK
JIDFERIZET 2 1T B IO R EATRFRIT L A MIED = 2V ¥ — M CIE TR T2 TH A 5 EHEL, Mo
= ROV F —HEAL & R AEMICERROTEEE TH A 9 LEERL Thic, oSS RO & TR TI0 38
IR R RIZEES ¢ 5 Cytoplasmic particle MWD USRI & BIRANCTIE & SLITBIRICH D S E 5B kb,
—ERE» L L L Eb 3,

= #

(1) 162BRDMEEEICHE & Galactose, a-Methyl glucoside ORIEHEN ONIZ FEERTEARAEIZBEL TERA~ T2, KEHO
MRS INZ I & EHORRBMERTY, HEO L ORBEOERBERU L. BEOBEEIEF O
RO FBIH R,

(2) BREEPITRY 2 Bk O RREERAE RIZEEE (14%) THEU1:. BEORCINREZ RELIZS O
ZAMED L, F0 5 ORI »—IGD Parent baploid § JRERAE % RYL TU Tz,

(8) IRIGARRICE 3 AR & BIEAVERNT D& Cytoplasmic mutation B & IR B E R 1ZEI5¢ % Cytop-
lasmic particle ORI R EEZZ LIS,

(fl) {'{é (fl'{ﬂtﬁ’:‘&) 6%5@’)”’&’THZEZ}JDZ§JE@M(D C}l'toli)lasmic Particle a)ﬁ»ll/\j;(“i 'j(’)'{ & Qﬁf&f;[ﬁ{%m J) %)
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A3 HH 7 ot — v BT o B GE2¥D ¢291)

R,

# b iz Yeast extract A 2 BE F x> 4 ) = o 2 VB T RK K O H# G, M0 Micro-spectroscope
O HICEE 25 A 5 1o B IUGAE R BRB B L 7,

MG AR A S O BN A 304210 F 15 A B O KER MU FE R BRI R TR L 12,

3L [N

1) /N - bk - BBF - AHB: A3k, 34 210 (1956),  2) OGUR, M. et al: J. Bact. 68, 391 (1954), 3
INHH - EERK . KNS ¢ BUEF: A3E. 33, 379 (1955), 4> DOUGLAS, H. C. and CONDIE, F.: J. Bact. 68, 662
(1955).  5) EPHRUSSI, B. and HOTTINGUER, H.: Cold Spring Harb. Symp. Quant. Biol. 16, 75 (1951),
6)EPHRUSSI, B: Nucleo-Cytoplasmic Relations in Microorganisms p. 13 (1952), 7) /NE - BB HH:
Ak, 33, 80 (1955), (i1 31, 3, 14 %3)

FHY7 I 57— BT AWIZFE (E2a) &L TBORBRECHKT
& H = B ORISR R

# E
AT Ti2 Malt amylase OYEFROPE & U THORIEIEIS REICEH S 128 ic it s @il o &4t
ZELTHIEE S 2 & i 2 DBEITRY B SUSEBEBICH TR U 1o 2@ e L 7.
A TR DM LE AL R E RS DEILORITE IS L TPhotoelectric spectrophotometer {Z & % Bl
HEDSE FI ISR 2 B ICE THRET L 1o O THORIRICE THE 975,
£ KB O H
[ SEERFME T
(1) VEFARMNG O RER&
AEERIT R T2V AR O RER S AT & AR T H O
2 £ B ¥ &
WE CE) ORIE — VEFHRI L DRI 123N Bt TR O < B U 1 o—ER 2110
GE 8 h5 AR 20~8026 DMiPHIC 72 2FED, N/100 I,-KJ solution 5ml. Z¥nL TIKE RASUG2FTHW I
44 %100ml. & | T Photoelectric spectrophotometer % Ft T LOBEE 2 HIE L gL & b BB 2HH LI,

T = —I;— T .- Bl | SRR REHER ) FTT YRR
E = log II" Eoeoeee TG
P B & R

(1) Soluble starch MEE & BOEE & DESHR

S SHBE L THFL 7z Soluble starch CRIERESE) OBYE & BOLE & OBIfRIZEE T BEER’s law 23119 24>
Fih 2 BB ToDIT & ROEE O Soluble starch solution % Fi THOBWEE 2HEL 72, EBREFHAUITHETT
HIRDBEY TH D, ’

H[1%0.195 soluble starch solution (lmg. soluble starch/ml.) o 1, 2, 3---10ml. Z FAUVT G NJ100 1:-K ]
solution 5ml. % &N L/mjgjg%@,fips%ﬁb U 1-#% 48 %100ml. ~ 1 T Photoelectric spectrophotometer % H
N TEEEST0my 1AL BB (T %R T2. HOBARMIC N/100 1,-K ] solution 5ml. & i THORE
WM LB LT, OB TS NUICEEER (T) X hHEC L b HoBE (E) 2HENL . HEBRERE
Table 1 Afickic Fig. 1 0@ T 5.

PlEDSEER X b ROBEISI DIz, B HANES et. al.» O#ii & A1 { Soluble starch O #8 DAAY & WL
£/t & OB% Fig. 1| ol HEBARKRICH 55, HIL BEER's law (T4 5 BHBD LI,

[HU 1320 EEBITHEIAL 12 Soluble starch i3HM4BDKD 2 EF L TH 5 Iic Table 1 YiNic Fig. 1ic&
RUTZECEIE DY L § W T o Soluble starch DEE 27R L TE 5. -2 TR Soluble starch DK%
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