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Protoplast fusion of Candia Pseudotropicalis: The conditions
for protoplast formation, regeneration and fusion
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Department of Biology, Chonnam National University
*Department of Dairy Science, Chonnam National University

Abstract: Protoplast formation and regeneration from wild-type and auxotrophic mutants of
Candida psendotropicalis CBS 607 as well as fusion between complementary mutants were
carried out. Frequencies of protoplast formation from wild-type and histidine or adenine requir-
ing mutants ranged from 96 to 100% whereas those from methionine or tryptophan aux-
otrophs were 52 and 72%, respectively. When bovine serum albumin{4mg/ml, BSA) was
added to protoplasting buffer for cells of methionineor tryptophan auxotrophs grown in a medium
supplemented with myoinositol (0, 5mg/ml), 96-99% of cells were converted to protoplasts.
Protoplasts were regenerated at the frequencies ranging from 18 to 20%. However, the
addition of BSA to protoplasting buffer and the supplement of myoinositol to a medium of cell
growth doubled the regeneration rate except adenine auxotroph in which such an improvement
was not observed. It was found that optimal concentrations of polvethylene glycol and CaCl, are
20% and 100mM while optimal pH and exposure time are 6.0 and 30min. The fusion fre-
quencies between complementary mutants ranged from 1,5x107°to 8.8x10* and were enhan-
ced by the improvement in the rate of protoplast regeneration. When histidine auxotroph was
fused with tryptophan mutant, several fusion products were obtained which were found to be in
the state of aneuploid or diploid,judging from DNA content and the presence of a large nucleus
in the products.
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Fig. 1. Effect of concentration of BSA and
myoinositol on the regeneration of proto-
plast. Arrows (< )indicate the frequency
of protoplast regeneration in the absence
of additives.

r 0.5mg/m/ 2 ok M7}5hg)Sul=29.6
% 2 Zrletedch (Fig. 1). 28] 3 myoinositol
(0. 5mg/ml )3 BSA(dmg/ml)E Aol g
82 o ofAd7r 3y His, Trp, Met 274 &4
‘?4 ol FFoll M= Hl Aol vlE] 2u] o|4to
Al A ZxAAE HolFg ol Ade
ﬁ_%l_xoq Zoiwo] Fi3o H9ol Ao Hsir}
stodth (Fig., 2.
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ds Al §3 F= 2ol PEGS §4
A Lol Lo 2] Caltolo] Wa] Al&xm
glch (Fournier%, 1977; Sarachek%5, 1981 ;
Sipiczki and Ferenczy, 1977a, b; Stahl, 1978
;Van Solingen and Van der Platt, 1977 ; Wil-
1982;Yamamoto and Fukui, 1977).
74 Ealde] FiS

ln

son%—,
z] Hise} Trpal odeke

nlm 2

DolAl 32.8% % ZAAMem, 2 ol A7 olf, ol57rel Ay FYE vlHE P-
ofl = ekl Fra sty H¥E 2.9 1, myoinositol EG (M. W.4,000) 9 CaCl,9 w5 o3&
Table 1. Frequencies of protoplast formation and jts reversion ‘rom wild-type and auxotrophs
of C. pseudotropicalis.
Frequency (%) Phenotype
Prototroph Ade His Met Trp
Reversion - 1.2x10°7 3.9x1077 2.4x107° 4,4x10°°
Protoplast formation 97.6 96. 7 96.5 52.0 72.0
99.7)¢ (100) 99.6) (95. 5) 99.5)

“Indicates the frequency of protoplast formation from cells treated with BSA (4mg/m{)
Values are average from three experiments.

tol (0.5mg/ml).

and myoinosi-
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Fig.2. Effect of BSA and myoinositol on the
regeneration of protoplasts from wild
type cells and auxotrophic mutants.

7. Control ; Treatment

a Indicates the addition of BSA (4mg/ml) to
protoplasting buffer for cells grown in
YEPD medium supplemented with
myoinositol (0, 5mg/ml).
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Fig. 3. Etfect of PEG and CaC!, on the fusion
frequencies between HRis and Trp
mutants Citrate phosphate(pH 6.0)
butfer was used for this experiment
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Fig.4. Effect of exposure time to PEG on the
fusion frequency between His and Trp
mutants. Citrate phosphate buffer(pH 6.0)
was usad for this experiment

CaCl,
6098 ¢ 4 Atk
471 27kl A Holka] AR Al ofok oy

X3 o=l Table 3 of 4]
HoyF vlelzto] BSA ¢} myoinositol ] 2] 77}

Ml A 2] o sl His+ Ade? Trp+ Adeol 4]

= 2w, His+TrpollAE 3.5u o]4te g3t

100mM, x4z}

]

HEe 24

& S7hh dled ol HAA Mz}
(Fig. 2)7} g3l =g 447 + 9182w
of F9i et

Table 2. Effect of pH on the frequency of proto-
plast fusion between His and Trp

mutants.
Fusion Relative
pH frequency frequency (%
pH 4.0 (acetate buffer)® 0 0
pH 6.0 8.8x10°° 100
Icitrate-phosphate buffer)
pH 7.5(Tris-HCI buffer) 1.4x10°3 15.9
pH 9.5 1L.4x10* 1.6

(glycine-NaOH buffer)

“The concentration of buffer used was 50mM ex-

cept glycine-NaOH which was 200mM. Values are
average from three experiments.
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Table 3. Fusion frequency between comple-
mentary auxotrophs

Phenotype Fusion frequency

His + Ade 1.5x10°°
(7.5x107°49°

His+Trp 8.8x107*
(2.3x107%)

Trp+ Ade 3.9x10°°
(1.2X107%)

“Indicates the fusion frequencies of protoplasts
formed from cells not treated with BSA and
myoinositol. Values are average from three ex-
periments.

oMz EM
Figo| s Hls+Trp°i-rE% 100 7H 2l
A& —E—al gl olF 3%*—37} i}
442 gl 3t °§}*0LEH% Folu
9)sto] M Zz7), #™, DNAdek Jali
‘1%*3%—% AAlshodet, 2 Z3bE Table 4 9
1ol velt gleh Table 404 & u}
9}75‘0] FTF F,of Fyuo 4lEt DNAG
= 4#lal Hise} Trpel i DNAZekal 22
fg/celle} 7ol dm 2w} 2ullol] o} 717}
$ gAel 44. 012 9fg/cell  43.5+2.0fg /
cello}a}
visige (Maraz%5, 1978) 9 21~25fg/cell <9

ov wt5#|Q]l Saccharomyces cere-
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Plate 1. Photomicrography of nuclei of fusion
hybrids and parentals.
A:F2, B:F30, C:F4, D:F5, E:His, F:
Trp. Arrows indicates nucleus. Bar
equals 10pm.

Table 4. Cell size. volume and DNA content of C. pseudotropicalis parental strains and fusion

hybrids
Strain Mean length Mean width Mean volume DNA/cell Ploidy ﬂ-D—.gz.x]actosidase
activity
{zem) {m) (em?) (fg) (n)® (pM /cell/min)
Parental;
Wild type 7.510.4 4.310.4 72.6+17.4 21.310.3 1 0.73
His 8.0%0.3 4.1%0.3 70.4%+13.0 22.6*+1.6 1 0.67
Trp 8.8=0.3 3.7x0.4 63.1+16.3 21.4%1.4 1 0. 67
Fusants:
F2 9.510.8 6.2£0.6 191.34+53.3 44.0*=2.9 2 0.55
F4 9.3+0.6 6.1+0.5 181.21+38.9 35.611.4 1.62 ND
F5 9.2+0.8 5.8+0.5 162.1+42.2 36.6+1.4 1.66 ND
F 30 9.5=0.7 6.0+0.5 179.1£43.1 43.5%2.0 1.97 0.54

®For fusion hybrids, haploid (n) value based on average of parents, His Trp. ND:Not determined
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A7 ¥ C. pseudotropicalis ol A+ opAlE
doraTA4 Eodwo] #5571 BSA (dmg/ml) 9}
myoinositol (0, 5mg/ml) & A7} A& w 95~
100% 2] A A4 488 ebl Schizosa -
ccharomyces pombe 5 5 7}# 3% Novo -
zym 234 2 #* 2|38l Stephens} Nasim (1981) ¢
74 7}2) 80~90% M.t} ¥ 3. Saccharomycopsis
lipolytica (Stahl, 1978) 2] 93~99% 2} T"r*}ﬂ
S vebdlleh g, dgAdA AdEAME
~20% 2. Novozym 234 & o]£3} Stephen -4-
Nasim (1981) ¢| % 3} (10~18%) 1} Stahl (1978)
o} A3 (9~10%) 3t} 7k L AL vy
o} BSA 9} myoinositol & A7l Swl&= 44
~46% 2 FA3 AAgo] FTAHE o4+ 9l
glck Lai®} Lui (1982) = Teasdale®} Rug-
ini (1983) 52 HEAl 2] 134 §4o B-
SAE AH&3le] YFH A4 viability & 22144
oty 2 31E v} 9l owd Ulaszewski(1978) &3}
Hanson3} Lester (1980) & myoinositol ©] 4|
Zutel stk 2w Aol Fastdy Bn
g ub e o3l A5 BSAS myoino -
sitolo] A g4 2 Aol a7} UL
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7} 20% ©1944=d| °l¥= C. tropicalis (Fournier
o, 1977) & A9} x5t 9dor} S, cere-
visiae, Candida albicans, S. lipolytica 12|
I S.pombe (Maraz%, 1978;Pesti%, 1979 :
Sarachek$-, 1981;Sipiczki and Ferenczy,
1977; Stahl, 1978) ok 5~20%2] aol7t sl
ok &, CaClL9 ZAF =& 100mM o)gl:=
t] ol& C. tropicalis (Fourniers, 1977)9}S.
cerevisiae (Maraz-%, 1978) | 7 $-9l+ Axs}
2 Qov C. albicans S} straine] o}& S. ce-
revisiae {(Pesti and Ferenczy, 1982;Sarac -
hek-s, 1981; Van Solingen and Van der Pl-
att, 1977) o141 2] 10mM o] u]) 8] & 106} =}
ol7b AAE o)L zlolE FHoly Fo

Holg ol zpololM 7|l®l Aoz Algsc o
2t &l vlA= pHY| 43e 2 Cal-
bicans (Sarachek®, 1981), S. cerevisiae
(Skatrud-, 1980). S. lipolytica (Stahl, 1978)
of Az} A dAsta

2 AZoA ALL5 C. pseudotropicalis C-
BS 6079 79 Bole] duA odeke 74
Tkl §380] 1.5~8.8x1072 )i} o
© C.albicans 2] 1.3X10*~9, 1x10"*(Pesti
&, 1979), C. tropicalis 2] 3X10°° S.pombe
2]1. 7X10~*(Sipiczki and Ferenczy, 1977,b)
2jir S lipolytica®l 5X107*~1.5x10"*
(Stahl, 1978) 52 <ol w]slo] §3tgo]| <k
T3S Rolgioh ol Hite Uy A
P44 BSA2} myoinositol& Haldro 2] 3]
G Al ol AE Aoz o

FYAG B AGY Fof ke 2aE
FaAel S % vreleol B5Ael wA ol ek
C. tropicalis (Fournierg, 1977), C. albica-
ns (Sarachek%, 1981), Schwanniomyces al-
luvius (Wilson5, 1982) 59 ZW §&eo 4%
dx 2ddelz EAsld} dgdo] =t
stejete Falde] 2 qlsl] otalido] Aaly A
22 4e3A ek 2y #E Saccharomy-
ces diastaticus®t S.cerevisiae7}o 2 g
g4l vlsd £ FRAE e vl oot
(De Figueroa®, 1984).

& Aglell4] Hiso} Trpdeke 74 87+d5
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