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Construction of Starch-Fermenting Yeast Using
Protoplast Fusion Technique
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ABSTRACT: Intraspecific fusion frequency between Filobasidium capsuligenurn CBS 6122-2 ade and
met trp or met strains was 2.9 X 10-3 and 8.5 x 10-3, respectively. And intergeneric fusion frequency
between Filobasidium capsuligenum CBS 4381 (cys his) and Saccharom yces cerevisiae 262-12-1 (hom3
thrl) or X2180-1A (ade thr) was 8.8 x 10-%and 9.5 x 104, respectively. Nuclear fusion appears to occur
in fusants between intraspecies and intergenera as strongly suggested by DNA content, nuclear staining,
comparison of survival rate to UV light and mitotic segregation analysis. It was also found that a- -amyl-
ase and glucoamylase activity from intraspecific hybrids was 1.6-2.1 fold increased when compared
with that from their parents,
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Table 1. Spontaneous reversion frequency of auxotrophic mutants from F. capsuligenum and 8. cerevisiae

Species/ strains Mutagen Reversion frequency Source or Reference
F. capsuligenum
CBS 4381
cys his STA- NaNO,, UV 2.1 <10 This work
met his STA- NaNO,, UV 2.6 x 109 This work
val his STA- NaNQO,, UV 1.7 x 10 This work
ade his EMS 5.3 x 1079 This work
CBS 6122-2
ade NTG 1.3 x 10-8 This work
met NTG 3.2x 108 This work
met trp NTG 1.1 x 10-9 This work
S. cerevisiae
X2180-1A
ade thr EMS, UV 3.5x 1079 W.K. Choi (1988)
262-12-1
hom3 thrl — 1.5 x 10-% Yeast genetic stock,

California Univ., USA

Table 2. The comparison of Novozym 234 with Novozym 234 + Zymolase on the protoplast formation and regener-

ation from F. capsuligenum auxotrophs

Strains and Novozym 234

the mutants

Novozym 234 + Zymolase

formation(%) regeneration(%) formation regeneration
CBS 4381
cys his 95.8(71.2)¢ 0.7(0.2) 91.3(65.9) 7.2(1.1)
CBS 6122-2
ade 76.2(59.4) 3.8(1.1) 74.2(64.3) 13.7(3.3)
met 91.8(78.0) 4.1(1.4) 84.2(71.8) 12.2(3.9)
met trp 80.3(69.1) 3.8(1.2) 73.5(67.1) 11.2(3.7)

“Indicates the frequency of protoplast formation and regeneration from cells not treated with BSA (4 mg/ m/) and myoino-

sitol (0.5 mg/ m/).

The concentration of Novozym 234 and Zymolase, and the other procedures were described in the text.

Values are the average of three experiments.
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Table 3. Fusion frequency between complementary
auxotrophs

Fuuon frequency

Phenotype

Intraspecific fusion
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8. 8><]()"(4 9><10 (’)

cys his + ade thr

cys /m + lz()mj I/n[

”lndmales the fusion tquuany of protoplast formed from
cells not treated with BSA and myoinositol.

Values are the average of three experiments.
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Table 4 Ce// size, volume and DNA contents of i (upsullgenum parental stramns and /ntraspec«f/c fusion hybrids

Ploxdy

Strains Mean length Mean width Mean vo]ume DNA /cell
(um) {(um) (um?) (fg) (n)¢

F. capsuligenum

CBS 6122-2

wild type 7.0+04 4.5+0.2 742> 98 353+1.2 1.0

ade 6.9+0.5 4.7+0.5 753~ 61 35.5+0.9 1.0

met 7.5+0.7 6.3+0.4 152912 8 36.0+0.6 1.0

met trp 7.7+0.6 6.2+0.4 155.0+10.1 35.8+0.8 1.0
Fusion hybrids;

ade + met trp

F25 10.8+0.5 8.3+0.6 380.0+37.1 71.0+0.7 2.0

ade + met

F3s 10.5+0.3 81*02 373()+287 720+08 2.0

“For F25, haploid(n) value based on average of parents ade + met trp (35.7 £0.9 ig/ Cell).

For F35, haploid(n) value based on average of parents ade + met (35.8 + 0.8 fg/ cell).
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Fig. 1. Survival rate of intraspecific(A) and intergeneric (B and C) fusion hybrids as compared with parental strains
after exposure to UV light.

Plate 2. Photomicroscopy of nuclei of intergeneric tusion
hybrids and their parents.
Arrows indicate nucleus. Fl: A(S. cerevisige,

hom3 thrl) + B(F. capsuligenum, cys his). F3:
B + C(S. cerevisiae, ade thr).

Plate 1. Photomicroscopy of nuclei of intraspecitic fusion
hybrids and their parents.
Arrows indicate nucleus. F25: A(mer trp) - B
(ade). F35: A + C(mel).
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Table 5. Mitotic segregation analysis of a intraspecific
fusion hybrid
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Table 6. The comparison of amylase activity of intra-
specific fusion hybrids and their parents

F25 (ade + met trp)

SMS¢ IMS?
Total colonies screened 3711 2954
Total auxotrophic segregants 0 2
Frequency of segregation 2.7 107 6.8 x 104
Phenotype of segregants
Parent: ade 0 1
Recombinant: ade trp 0 1

4Spontaneous mitotic segregation.
%Induced mitotic segregation.

Aol gl -3 el dolir] $lste] A 2 DNA
aela 8 g Hg AAlsleict F19) 4

Al27F DNA oFe] oF2141 hom3 thrl (21.2+ 1.1 fg/cell)

#} cys his (35.5+ 1.3 fg/cell}2] DNA & §+3t 56.7+
]9\}\‘11 K” ’g,}r_

Strains a-amylase Glucoamylase
U/m/ nU/cell U/m! nU/cell
F. capsuligenum
CBS 6122-2;
wild type 39+04 82409 1.5+0.2 3.7+0.3
ade 3.7£0.3 82+0.5 1.4+0.3 3.1+0.4
met 0.7£0.1 85+0.5 0.3+£0.0 3.3+03
met trp 25+03 7.7+0.4 1.0+0.1 3.1+0.1

Fusion hybrids;

ade+ met trp

F25 2.8+0.2 16.220.8 1.1+0.2 6.1 0.4
ade + met
F3s 2.4+0.2 148+0.9 0.9+0.9 53+0§

The preparation and assay of enzyme was described in the
Lext.

1.2 fg/cellel] 4= a) 574+ 12 fg/cell

2n) o)A o @ R §AEE FALEE ek
ol Mol s} &gk MEL9)
of 7ol wlal| & Aow

“¢lt} (Table 7). &
slo] slilo]i ofale

H.o

. Ho}

Hl2d & Fhel

gleojo} & §3lw Qoul Hlow 2y

(s}
5510 (Plate 2), #F9] 41 Apell 27k ofals] 4 &
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Table 7. Cell size, volume and DNA contents of F. capsuligenum, S. cerevisiae parental strains and intergeneric fusion

hybrids
Strains Mean length Mean width Mean vqlume DNA /cell Ploidy
(um) (xm) (#m°) (fg) (m)4

F. capsuligenum

CBS 4381

wild type 59403 5.4+0.3 89.4+12.1 339+1.1 1.0

cys his 7.8+04 4.6+0.2 90.0+ 8.7 355+1.3 1.0

X2180-1A

wild type 53+0.2 4.5+0.2 57.9+10.4 22.2+0.5 1.0

ade thr 4.9+0.1 4.0+0.3 41.8+ 6.5 21.5+0.5 1.0
S. cerevisiae

262-12-1

hom3 thrl 4.7+0.2 4.2+0.2 4.4+ 6.4 21.2+1.1 1.0
Fusion hybrids;
cys his + hom3 thrl

Fl 10.2+0.4 6.9+0.2 251.4+16.5 57.4+1.2 2.0
cys his + ade thr

F2 10.5+0.5 6.6+0.3 244.3+29.7 58.5+0.8 2.1

F3 10.0+0.1 7.4+0.1 297.5+£24.3 56.8+0.8 2.0

F4 10.9+0.4 7.0+0.3 274.1£35.9 58.0+1.8 2.0

“For F1, haploid(n) value based on average of parents cys his + hom3 thrl (28.4 + 1.2 fg/cell).
For F2, 3 and 4, haploid(n) value based on average of parents cys his + ade thr (28.5 + 0.9 fg/ cell).
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