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ABSTRACT: Intergeneric or intraspecific protoplast fusion between Saccharomyces cerevisiae
X2180-1A, Candida pseudotropicalis ATCC 8619 and CBS 607 was attempted to produce ethanol from

lactose containing materials. The intergeneric fusion frequency between Saccharomyces cerevisiae
X2180-1A (ade rho) and Candida pseudotropicalis CBS 607 (his met) was 1.0 x 10-5, These values ex-
hibited approximately 2-3.5 fold increase when compared with fusion frequency obtained without the
treatment of bovine serum albumin, myoinositol and ergosterol, suggesting that these compounds may
improve intergeneric or intraspecific protoplast fusion. Nuclear fusion appears to occur in fusants be-
tween intergenera(S. cerevisiae + C. pseudotropicalis) and intraspecies (C. pseudotropicalis strains) as
strongly suggested by DNA content, nuclear staining, comparison of survival rate to UV light and
isolation of recombinants after mitotic segregation. It was also found that alcohol production from in-
traspecific hybrids was somewhat increased when compared with that from their parents.
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ARBTE o 22

ABTFE Candida  pseudotropicalis ATCC
8619, CBS 607 =®ji  Saccharomyces cer-
evistae X2180-1A% YMI(0.3% vyeast extract,
Difco ; 0, 3% malt extract, Difco; 0.5% Bacto
peptone, Difco, 19 Glucose ; 29 Bacto agar,
Difco) ezl colony”t HFAH  wl7x]
30CoNA 3~4907F wioket & YM 3 Apwdvl=)
oA A 3~4U7t wioksted 4Co Fx1, Ratstn
45-atct Aeul ok 349

U EAQWHo| 2Fo M=

Poulter 5 (1981) 3} Fink (1970)¢] sl ulz}
N-methyl-N/-nitro-N-nitrosoguanidine (NTG,
Sigma)@} ethylmethane sulfonic acid(EMS,
Sigma)& o|&sle] doke 74 Eoddle] #F 5
A2t pho Al FFY AzE Coruzzi 5
(1979)3 Ogur 5 (1957)9] Hbwlell ojste] Fa,
shalsbodet,
HEEAH HY o Y
AP AA d4 = AL Chundt Bai(1984) 9]

& 7t wAsl] AAjsialed A2 AlA
3l Novozym 234(Novo Industrias, Den-
mark)®] FEx+& S. cerevisize X2180-1A2] 73
% 3mg/mi, 28lZ C. pseudotropicalis ATCC
86199 7% 1 mg/mle A-&aieich, 3= 3
ABFD EAF doprr]  gEked
myoinositol S, cerevisiae?| 74-%- 0,1 mg/m/,
C. pseudotropicalis ATCC 86198 7% 0.5
mg/miE Awjoki] Hrlsled e, ergosterole
S. cerevisize X2180-1A9) 7% 0,04 mg/miZ,
C. pseudotropicalis ATCC 86199 7§30l & 0.06
mg/mlE  ArFeisict, dd, AFAA H4 <)
Fgool] ok TE 4mg/mie bovine serum
albumin (BSA, Sigma)% #7}s}gict,

HEEH B8

HEAA 832 Chun 5(1986)2) ubdol wa}
35% polyethylene glycol (PEG, M, W. 4,000,
Sigma)# 10-100mM CaCl,7} Soigl+ 93¢
A (pH6,0)oA  3087H(30C) A4 §8L
=3kt
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ozym 2347} EFHYL oA =ode §IES
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Table 1. Spontaneous reversion frequency of aux-
otrophic mutants.

Yeast Species and

. K Mutagen Reversion frequenc
auxotrophic strains & q v

Saccharomyces
cerevisiae X2180-1A
ade thr EMS.UV 3.5x10°°
ade rho EMS-MnCl, 1.8x10-?
Candida pseudotro-
picalis ATCC 8619
val NTG 1.2x10-8
rp NTG 1.6x10-7
met val NTG 4.8x10-8
Candida pseudotro-
picalis CBS 6074
his met NTG 1.1x10-?
his asn NTG 2.5x10-9

¢ Data from Bai, 1987
Values are the average of three experiments.

Table 2. Protoplast formation and regeneration frequ-
ency of auxotrophic mutants.

Yeast species Protoplast
and auxotrophs

formation (%) Regeneration (%)

Saccharomyces
cerevisiae X2180-1A
ade thr 98.1(74.02  24.3(6.4)
ade rho 97.8 (79.7) 28.2 (20.9)
Candida pseudotro-
picalis ATCC 8619
trp 91.2 (74.0) 45.6 (15.0)
val 94.3 (83.3) 4.5(1.1)
met val 95.6 (75.2) 28.4 (14.3)
Candida pseudotro-
picalis CBS 607°
his met 98.8 (97.5) 42.0 (19.1)
his asn 97.5 (94.0) 37.3 (15.6)

4 Indicates the frequency of protoplast formation and re-
generation from cells not treated with BSA, myoinositol
and ergosterol.
¢ Data from Bai, 1987.

Values are the average of three experiments.

607 strains®] Z3(Bai, 1987)9} dx3}gich, =
iy C. pseudotropicalis ATCC 86199 valine
274 TF 7S AFAA AAgo] 1,1%Ax
AZER] H7EE M YL wlols 4,5%2 =15
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7Ie stglent ohE Edlo] F3ol wls Aag
o o] i % 22 Ghosh 5 (1960)°] X

HEEA Bﬂ

S. cerevisize X2180-1A, C, pseudotropicalis
ATCC 8619 2]z CBS 607228 Alu= ok
274 FFEY &7 9 2 $EES =AElg
o}, 35% PEG, 10-100mM CaCly7} A -1=
citrate phosphate €158l (pH6, 0)o4] 308-%
ob A¥HA §EE =8 A3, Table 3004 =
o F ®le} #o] BSA, myoinositol 2 i
ergosterots A7 A7} vl M el vis] =

= 28 STl E §389 F4to] et

&2 &8 A Zygosaccharomyces  fer-
mentati®t S, cerevisize 24012 Fgo] 2,1
10776, 7X10%(Pina %, 1986) =22]lm S, cer-
evisiae®t C. tropicalis?) A= 9,6X1075-1, 8%

~(Kim? Seu, 1985)2.2 2 Ao S,
cerevisiae®}t C. pseudotropicalis®) FI& 1.0X
10753 frAbebgdcet, &9, strainse] =& C,
pseudotropicalis®] W % (ATCC 8619+CBS
607)oll A §F &2 3.9%107°—1,0x102 =
Schwanmomyces alluvius 2| 1,5X10-%(Wilson
5, 1977)3= §-Aslot C. albicans2] 1,3X
1074—=9,1X10-*(Pesti ¢} Ferenczy, 1982),
Schizosaccharomyces pombe2] 1,7x1072(Sipic-
zki 9t Ferenczy, 1977b), Saccharomycopsis
lipolytica®l  5,0x10~*—1,5X10-%(Stahl, 1978)
aejx C, pseudotropicalis CBS 6079 &
strainsWl ] §&-&<l 7,0x107*—1,5%10-*(Bai,

Table 3. Fusion frequency between complementary
auxotrophs.

Fusion frequency

1.0x104(8.8x10-5¢
3.9x106(1.1x10-5)
1.3x10-5 (4.5x10-6)
1.0x10-5 (3.6x10-9)

Phenotype

his met + val
his met + trp
his asn + met val
his met + ade rho®

¢ Indicates the fusion frequency of protoplasts formed
from cells treated with BSA, myoinositol and ergosterol.
Values are the average of three experiments.

® Intergeneric fusants between S. cerevisiae and C. psen-
dotropicalis CBS 607.
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A 2l DNA @3¢ £43te] £ 73 Table 4ol
A BodF mle} Zro] AlF s DNA ool 2} =
oloo g FrhE]

F,9o 7§ At DNA ko] okalel CBS 607
(his met, 22,9%0.6fg/cell)® ATCC 8619
(trp, 32.7%1.21g/cell)®] DNA <& &3 55,
6+0.9fg/cellell ZAFAIQ] 59, 61, 2fg/cell ©]9
T AH ok 2,88 o]l
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albicans, Chang & (1984)2 Candida maltosa,
22 Bai(1987)9  Candida pseudotropicalis
CBS 607 5ol Alst o] UV zAel tigk 2] 4)
EHo2 ploidy A5 o5 4 9183 443}
v Qi7loll g3l B} ole) oFalel tiEF UV =4}
F AEHE vlwsidch, Fig, 1o 34715 Aol
BojF wiel o] strains ATCC 8619(srp) 2}
CBS 607 (his met)2 UVel tak 7=t )L
E24 (0187109 ool Ag
o] FgAl

]/\ O}'M—l—, o]-%

607(hzs
vho)9] 4

Fi& Fig.19] Dell4d ®oiFE CBS

T

mel )3 S, cerevisiae X2180-1A (ade
= (Fs, Fy, Fo 28]3 Fy) 3}
’Er% B},

ATCC 86199 ploidy”} haploid

NS oFAlslar gleh, Eid] 8 odale] Ax)
A2 o] shtolx, oFHle 2o uls)
ar (Plate 1) A29 =27], Fale] e Sol4

ATCC 8619 strainse] CBS 6074 ©]3H 42t T FUE ool AR E frsiglot A
DNA gheol oF 159 o} ol9] ploidy 4HhE & $ej82 2ol2 + gig)
olotd 7] fJ&ll Olaiya®t Sogin(1979)8 Candida = Fig, 204 HoFE e} 7L0] aELY Fut
Table 4. Cell size, volume and DNA content of parental strains and intraspecific fusion hybrids.
strain mean length mean width mean volume DNA/cell ploidy
(um) (em) (um’) (fg/cell) (np
C. pseudotropicalis ATCC 8619
val 6.2+1.0 43106 59.0+15.8 348+03 1
trp 57+08 46+ 05 63.8 +20.3 32.7+1.2 1
met val 57106 45105 60.5+17.3 36.0 + 3.2 1
C. pseudotropicalis CBS 607°
his met 75109 4.0+05 65.7 + 23.4 229 1 0.6 1
his asn 56105 51104 77.8 + 188 226+ 0.5 1
Fusants:
his met + trp
F1 10.0+ 1.8 59109 181.1 + 47.4 59.6+1.2 2.1
his met + val
F2 88109 59108 164.4 1+ 49.6 73.8+0.1 2.6
F3 98107 591+0.7 177.7 £ 36.5 73.21+46 2.5
his asn + met val
F4 82111 6.4+ 0.6 175.0 + 44.0 71.2 £ 0.3 24
F5 87+1.0 6.4 + 0.8 183.8 + 36.8 68.0+2.9 2.3

¢ For F1, haploid(n) value based on average of parents his met + trp (27.8 0.9 fg/cell)

For F2 and F3, haploid(n) value based on average of parents his met + val (28.9 0.5 fg/cell)

For F4 and F5, haploid(n) value based on average of parents his asn + met val (29.3 1.9 fg/cell)

% Data from Bai, 1987.
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Fig. 1. Survival rate of fusion hybrids as compared with parental strains after exposure to UV light.

(2006)e1 4 Atk g Mol oFalel
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e ARES WPl 4olq T Al

haploid genomee| shte] sivjel] Zagslmis] &
AH THE olFn g A Aatsian 9l
o}, g, CBS 6072 his metst ATCC 86199
valZe] 35 (Fyok Fy) 2212 CBS 6079
his asn=F ATCC 86192 met val Aol 3T
T (F48F Fy)ollAe] AlZed DNA steko] 68,0+

2.9-73,8+0,13fg/cell & 9} A 4 CBS 607
strains®] 27§ AlZet ATCC 86199 17 4|27}
T8 ¥ heterocaryon AElE A aggto]
= HAeA dalx] Aol olgk shako] 7z
genome®| ETFEAE F23% Ao ¥n F,9

e AEEl] UV 2ol gk 29 (Fig,1) &
HAd-Ee]A (Table 5)& A Alslsdct,

Fig, 18] Bell4] Hoj% t']'% 7ol F,o UVel
A AT HZAEE oFilel oA v|as)E
wj 7ol zpelrt 9188 -?: T U4 &, Table
5ol 4l ModF wle} 7ol his asn met val *o)
o) FHAZNE his met HElFo] =& v]E (7,
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Plate 1. Photomicroscopy of nuclei of intraspecific
fusion hybrids and their parents.
Arrows indicate nucleus. Fi: A(trp) + B(his
met); Fy: B+ Clval); Fy: D(his asn) + E(met
val).
0x107%) = ekt wbddol] valolv} asn H-]3o]
A3 Fdshal gk, ol% his mel F2]gol o
g Al DNA o5 57,76 fg/cellz Fyoll vlal

Fole ez pol YA 4ol YolitE S o

Table 5. Mitotic segregation analysis of two fusion hybrids.

Protoplast fusion of lactose assimilating yeasts 193

10

Ethanol concentration
(mM/mg protein, X100)
[4) )
T

Max. Growth rate (hr-1)
=
o
T

1 I i | l i
2.0 40 8.0 12.0 16.0  20.0

Initial lactose concentration (%)

Fig. 2. Effect of lactose concentration on the ethanol
production (A) and growth (B) of Fy and its
parents. Yeast strains were grown in YEP con-
taining lactose as carbon source of 38hr at
30°C on shaker (120 strokes/min). The mea-
surement of ethanol is described in the text.
Symbols: C. pseudotropicalis CBS 607 (his met)
(0); C. pseudotropicalis ATCC 8619 (¢rp) (0); Fu-

sion hybrid, F: (B). Values are the average of
three experiments.

Fusion hybrids
Fy (his met + val) F2 (his asn + met val)
SMSe IMS? SMS IMS
Total colony screened 2332 2476 1756 1728
Total auxotrophic segregants 0 1 7 12
Frequency of segregation >4.3x104 4.0x104 4.0x10-3 7.0x10-3
Parental: his met 0 0 0 0
his asn 0 0 0 0
val 0 0 0 0
met val 0 0 0 0
Recombinant : his met 0 0 7 12
met 0 1 0 0

¢ Spontaneous mitotic segregation
¢ Induced mitotic segregation
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Table 6. Csil size, volume and DNA content of parental strains and intergeneric fusion hybrids.

strain mean length mean width mean volume DNA/cell ploidy
(1#m) (um) (um?) (fg/cell) (np
S. cerevisiae x2180-1A
ade rho 4.7+0.2 42102 444164 218+ 04 1
C. pseudotropicalis CBS 607°
his met 75+09 4.0+ 05 65.7 + 23.4 229+ 06 1
Fusants:
his met + ade rho
Fé 120+ 1.6 51111 170.8 + 53.6 42.2+0.3 1.9
F7 108+ 1.9 56108 174.4 £ 34.6 435+ 1.7 1.9
F8 9.21+0.8 63+1.1 191.1 + 56.8 48.0+ 4.5 2.2
F9 85109 6.2+0.7 175.1 + 46.5 473 +4.6 2.1

¢ For F6, F7, F8, and F9, haploid(n) value based on average of parents his met + ade 7ho (22.4 0. 5fg/cell)

b Data from Bai, 1987.

E 7 e, z22d mAEe 23y sigdale
Az (Plate 1)24& 3 §3lo] ol

791‘ & 4 3ot 7 genome7ke] dAAl AHAlo]
ETF 22 Fiobe 22 UVasel B3 4
ZA4o] dA7 Zog ugr) tg_}:d, ,9l

2 ]a“’] 4, 0><10 ‘o2 Fol v|3) =i &L"L
oo (Table 5), his\h val 2280] A& peht
| 253k met 2213 <) DNA % 73,98fg/cell

2 giAlel vl ¥ Wil gle Aeg Bl u
A AH Aggo] YojukeS o & it

S. cerevisiae X2180-1A(ade rho)$} C,
bseudotropicalis CBS 607 (his met) E5E &
T S FYAE(F, Fy, Fs 2212 Fy) ol
AZAH = DNA dek& okxle) aA47 was)

kSl of 26 o|2l} (Table 6),

5 ¢ ploidy AFElS obir] $Jaf allod )
UV Al g 423 (Fig, 2)¢ 243195, o]
= FHETY ;L oFAol vlsh 23 A2 140
7} EA5k A3 (Plate 2), Fig.29] DellAf x
ofF wiel Fro] UVol oidl Q&AL okxe] a7
7 vl & W FA | genomee] sl ol
FAFL LS IR 4 ot $3HEe
- EobAdsdT, C. pseudotropicalis ATCC
8619 strainsoll ©H&l species®] B4 ubaizio}
T Aoz ¥n o9} tio] F, §PAEY A4

N

Plate. 2. Photomicroscopy of nuclei of intergeneric
fusion hybrid and its parents.
Arrows indicate nucleus. Fg: A(C. pseudo-
tropicalis CBS 607, his met) + B(S. cerevisiae,
ade rho)

o)

2l Y S8l B} A7 Paso] 2oy
=,
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5 2

A FAREE a2 eg A S Saccharomyces cerevisige X2180-1A, Candida pseudotropicalis ATCC
86199F CBS 607 ~beloll 52k % ) {824 §342 A=s19ic),

S. cerevisige X2180-1A(ade vho)t C. pseudotropicalis CBS 607 (his mel)7Fe] £7F $86-2 1.0x10-50]ar C.
pseudotropicalis ATCC 86199t CBS 607 Atele] &l #8442 3,9x10°5—1.0x10-* o]z} °l = bovine serum
albumin, myoinositol 72]3t ergosterobd Helshal ¢ ol A A4 §Pga vma)d oF 2.3 bule] Zobe vl of

¥ el A7 ol 2l §3HE FH417) Hew ALz EIeh, DNA ahek, aiodal (Vi upi al=e uu oela el

ol ¥ty 28 52 WA (S, cerevisiaest C. pseudotropicalis)?h B €. pseudotropicalis strains) £3Hlol
A Ag el ddoluk A% of 4 dodrh, B bl wlmalal ohng AdBe) 28 T S8 i)
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