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Protoplast Fusion of Lactose Assimilating Yeasts

Choi, Won-Ki, Soon-Bai Chun*, Yong-Kyu Lee**, Suk Bai*, Jin-Jong Lee* and Hyang Lee*
Dept. of Chemistry, *Biology, **Dairy Science, Chonnam National University, Kwang-ju, Korea

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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ANETFE Candida  pseudotropicalis ATCC
8619, CBS 607 =23 Saccharomyces cer-
evisiaze X 2180-1A5 YM(0,3% yeast extract,
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Table 1. Spontaneous reversion frequency of aux-
otrophic mutants.

Yeast Species and

. . Mutagen Reversion frequenc
auxotrophic strains g q v

Saccharomyces
cerevisiae X2180-1A
ade thr EMS-UV 3.5x107°
ade rho EMS-MnCl, 1.8x10-9
Candida pseudotro-
picalis ATCC 8619
val NTG 1.2x10-8
trp NTG 1.6x10-7
met val NTG 4.8x10-8
Candida pseudotro-
picalis CBS 607¢
his met NTG 1.1x10-°
his asn NTG 2.5x10-°

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

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

Yeast species
and auxotrophs

Protoplast

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.
b Data from Bai, 1987.

Values are the average of three experiments.

607 strains®] A3} (Bai, 1987)¢} 4x|stgic, =
2y C. pseudotropicalis ATCC 8619¢] valine
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S. cerevisiaze X2180-1A, C. pseudotropicalis
ATCC 8619 22|31 CBS 6072%8 Atw = ojor
274 Y £ 9 T FEEE =44
ok, 35% PEG, 10-100mM CaCl,7t #71s
citrate phosphate €388 (pH6, 0)NA] 308-%
ot AFAA FFE F=3 A7}, Table 304 2
ol & ul 9} o] BSA, myoinositol = & i
ergosterots 74l Hel7} v e]Fo s =
He 28 Sl g8 side] ddich

&7 39 A Zygosaccharomyces fer-
mentati®t S. cerevisize #1012 §FEo] 2.1X
1077-6, 7x10-%(Pina %, 1986) =8l S. cer-
evisiage®t C. tropicalis?| A& 9,6X1076-1, 8%
100*(Kim# Seu, 1985)c2 2 A9 S,
cerevisiae$t C. pseudotropicalis®] &35 1.0X
10753 -fAbstgdch, 34, strainse] oE  C.
pseudotropicalis®] FH &3 (ATCC 8619+CBS
607)oll 4 & F &L 3.9X10°—1,.0X10742 2
Schwanniomyces alluvius & 1, 5X107¢ (Wilson
%, 19773 Sl C. albicans®] 1.3%
1074—9,1X10*(Pesti ¢} Ferenczy, 1982),
Schizosaccharomyces pombe2] 1,7X1072(Sipic-
zki 9} Ferenczy, 1977b), Saccharomycopsis
lipolytica®l 5,0X107*—1,5X1073(Stahl, 1978)
aga C., pseudotropicalis CBS 6078 722
strainstl9] §3-8<el 7,0X107*—1,5X10-3(Bai,

Table 3. Fusion frequency between complementary
auxotrophs.

Fusion frequency

1.0x104(8.8x10-5)
3.9x10-8 (1.1x10-9)
1.3x10-5 (4.5x10-%)
1.0x10-5 (3.6x10-6)

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.

b Intergeneric fusants between S. cerevisiae and C. pseu-
dotropicalis CBS 607.
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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
(1m) (um) (um’) (fg/cell) (ny
C. pseudotropicalis ATCC 8619
val 6.2+1.0 43106 59.0 + 15.8 348+ 0.3 1
trp 57108 46+05 63.8 +20.3 32.7+12 1
met val 5.7+0.6 45405 60.5+17.3 36.0 + 3.2 1
C. pseudotropicalis CBS 607°
his met 75+ 09 40+05 65.7 + 23.4 2291 0.6 1
his asn 5.6+ 0.5 51+04 77.8+18.8 22,6+ 0.5 1
Fusants:
his met + trp
F1 10.0+ 1.8 59+09 181.1 + 474 59.6+1.2 2.1
his met + val
F2 8.8+0.9 59+0.8 164.4 + 49.6 73.8+0.1 2.6
F3 9.810.7 59+0.7 177.7 £ 36.5 732146 2.5
his asn + met val
F4 82+1.1 64106 175.0 £ 44.0 71.2+£0.3 24
F5 87+1.0 64+08 183.8 + 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.
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Plate 1. Photomicroscopy of nuclei of intraspecific
fusion hybrids and their parents.
Arrows indicate nucleus. Fy: A(trp) + B(his
met); Fo: B+ Clval); Fyq: Dihis asn) + E(met
val).
0X107%) 2 vepd kol valolvt asn H2ldo]
A& FdshA] Bk, olF his met FE| Gl o
3k A2t DNA %% 57,76 fg/cell2. F.oll u]sf
FolE Zer no} odala] AAlo] Uojute-S o

Table 5. Mitotic segregation analysis of two fusion hybrids.
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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)
(O); C. pseudotropicalis ATCC 8619 (¢rp) (0); Fu-
sion hybrid, F1 (B). Values are the average of
three experiments.

Fusion hybrids
Fa (his met + val) Fa (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
b Induced mitotic segregation
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Table 6. Call size, volume and DNA content of parental strains and intergeneric fusion hybrids.

strain mean length mean width mean volume DNA/cell ploidy
(1m) (#m) (pmd) (fg/cell) (ny
S. cerevisiae x2180-1A
ade rho 47+0.2 42+0.2 444+64 21.8+0.4 1
C. pseudotropicalis CBS 607°
his met 75+ 09 4.0+ 05 65.7 + 23.4 229+ 0.6 1
Fusants:
his met + ade rho
Fé6 120+ 1.6 51111 170.8 + 53.6 422103 1.9
F7 10.8+ 1.9 5.6+0.8 174.4 + 34.6 435+ 1.7 1.9
F8 9.2+0.38 63+1.1 191.1 + 56.8 48.0+ 4.5 2.2
F9 8.5+ 0.9 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 kis met + ade rho (22.4 0.5fg/cell)

b Data from Bai, 1987.
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o3 g or Fiobe e UVaA] A A
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Plate. 2. Photomicroscopy of nuclei of intergeneric
fusion hybrid and its parents.
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e BAERE 43S Al Y Saccharomyces cerevisiae X2180-1A, Candida pseudotropicalis ATCC
86192} CBS 607 Atelell 47k =l T AFAA 35 A =3k3i,

S. cerevisiaze X2180-1A (ade rho)Sk C. pseudotropicalis CBS 607 (his met)Zte] £7F 82 1,.0X107%]x C
pseudotropicalis ATCC 86199F CBS 607 Atelel FWl §¢&-2 3.9x107°—1,0x107¢ °l3ich, ¢l bovine serum
albumin, myoinositol 28] ergosterole #2|akx] o odoixl UFAA F&a} vlawsiy & 2-3, SHH—J Z7He 2o o]
£ 3ol 4708 B $UL 247 Ao s Aadch DNA ¥, @4, UVzAe] de 482 vz 2elx §4%
2l § o3d 28 55 Sl E2(S. cerevisiaest C. pseudotropicalis) # FWH ( C. pseudotropicalis  strains) & ol

9 5ol

A agtel odojyt A4S o 4 qich ma AR vl tng Aol Foh8 B FYNT daleh
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