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Protoplast Fusion of Phaffia rhodozyma
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ABSTRACT

Cell fusion between complementary mutants isolated from astaxanthin-producing yeast, Phaffia
rhodozyma, was carried out to obtain astaxanthin-overproducing strains by protoplast fusion
technique, The frequency of protoplast fusion was ranged from 2.3X10° to 6.0x 107, and nuclear
fusion in the cells of hybrids was demonstrated by several techniques such as isolation of rec-

ombinants after mitotic segregation of parental genetic markers, estimation of DNA content,

direct observation of nuclei with nuclear staining, and comparison of survival rate to UV exp-
osure, One of several hybrids, F1, showed approximately 3—fold increase in astaxanthin content

when compared with wild parent.
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Table 1. Spontaneous reversion frequency of aux-
otrophic and carotenoid mutants

Genotype Mutagen Reversion frequency
Ivs met NTG - EMS 5.2x107°
met thr NTG - EMS 32x10°
ura arg NTG - N'TG 4.0x107*
arg car” NTG - UV 1.2x10°°

*Car mutant is white in color and accumulates a considerable

amount of phytoene.
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Table 2. Fusion frequency between complementary
auxotrophs of P. rhodozyma

Auxotrophic strain Fusion frequency

met thr+arg car 6.0x107
Ivs met+ura arg 45x10°
lvs met+ary car 23107
met thr+ura arg 37x10°
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Table 3. Cell size and volume of P. rhodozyma parental strains and fusants

Strain

Mean length

Mean width

Mean volume

(#m) (#m) (em®)
Parentals:
met thr 8.24+04 75402 242.8+25.5
lys met 8.0+08 6.5+0.1 176.94.23.7
arg car 8.840.1 75102 259.0+17.2
ura arg 96101 65104 21231294
Fusants:
lys met + ura arg
Fl 125404 8.5+0.1 472.6£26.7
F8 122401 79402 398.5+23.8
lys met + arg car-
F5 12540.1 10.0+0.2 654.2+31.8
F9 10.8+0.2 10.0+£0.2 565.2+33.7
F13 11.840.1 84101 43571149
met thr + ura arg
F6 13.0+04 85+0.1 49154117
F7 138404 85104 521.8+37.3
met thr + arg car
F19 118402 90403 500.2+43.2
F20 116404 9.240.1 578.04+33.1
Table 4. DNA contents of P. rhodozyma parental strains and fusants
‘ DNA / cell Ploidy
Strain (fg) (n)
Parentals:
met thr 736402 1
lys met 74.0+04 1
arg car 75.0+0.2 1
ura arg 755+01 1
Fusants:
lys met + wura arg
F1l 1504404 2.0
F8 146.0+0.8 1.95
lys met + arg car
F5 2220404 2.97
F9 146.0+2.4 1.96
F13 167.3+2.0 2.25
met thr + wura arg
F 6 140.0+4.0 1.88
F7 144.0+04 1.93
met thr + arg car
F19 1450404 1.95
F20 1384408 1.86
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Fig. 1. Photomicroscopy of nuclei of fusants and
their parents. Arrow indicates nucleus
(X 1,000).
F 1: A(lys met) + B (ura arg)
F 6: B(ura agr) + C (met thr)
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Fig. 2. Survival rate of fusants compared with
parental strains after exposure to UV
light.
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Table 5. Mitotic segregation analysis of fusants

Segregants I'requency of segregation
Parental strains [Fusants SMSE IMSP SMS IMS
lys met + ura arg 'l hs(3)¢ ura lys(4) 29x10%(10,290)¢  9.8X%10 *(14,296)
s (10)
F8  hs(2) ura les(1) 2.0Xx107(10,140) 8.0x10 *(16,177)
lys(12)
Ivs met + arg car F5 arg car (2) arg car (1) 2.1Xx107%(6,178) 4.3%107%(8,990)
Irs(3) lvs(27)
met (1) car (9)
arg'(l) met car (1)
lys arg(1) met arg car (1)
car (4)
lys car (1)
F9 arg car (1) lvs(7) 1.2x107%(7,747) 2.0x107%(8,945)
s(1) met(1)
car (7) car (8)
met car (2)
F13  fys(9) arg(1) 1.0x10°%(10,698) 1.4x107%(9,593)
car (2) car (7)
lys car (5)
met thr -+ ura arg F6 0 met arg(1)¢ 1.0Xx107(9,733)¢ 2.1X107(14,474)
thr(2)
F7 0 thr(1) 14X 107(7,180) L.8Xx107(10,917)
ura(l)
mel thr + arg car F19 0 0 1.5X%10™(6,604) 3.2X107(15,536)
[20  met thr(1) met thr(2) 2.0x107(5,090) 8.4X107(5,967)
arg(1) car (3)
car(3)

a  Spontaneous mitotic segregation

b Induced mitotic segregation

¢ Numbers in parentheses indicate auxotrophic segregants appeared

d Numbers in parentheses indicate total colonies screened

Table 6. Comparison of carotenoid content in P. rhodozyma parental strains and fusants

] Growth Astaxanthin Total carotenoid Flod
Strain (mg / mi) (48 / 8 dry yeast) (mg/ & dry yeast) (astaxanthin)

wild type 7.0 260 271 1
lys met 48 469 3.25 1.8
met thr 4.6 256 1.95 0.98
ura arg 3.1 516 3.79 1.98
Fl(lys met + ura arg) 42 719 528 2.8
F6 (met thr + ura arg) 5.0 368 3.53 14
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