KOR. JOUR.MICROBIOL..December, 1987 p 274-281 Vol. 25, No. 4

Bovine serum albumin, MyoinositolZ} Ergosterolof ©]&t

[

Candida pseudotropicalis®| HEIH 4 o SLESxF

=

e

Hzufu A

Setialn xiotntsichst st

Improvement of the regeneration and protoplasts fusion of
Candida pseudotropicalis by bovine serum
albumin, myoinositol and ergosterol
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Department of Biology, College of Natural Sciences,
Chonnam National University, Kwang-ju, Korea

ABSTRACT: The effects of bovine serum albumin, myoinositol and ergosterol on protoplast forma-
tion, regeneration and fusion from auxotrophic mutants of Candida pseudotropicalis were examined.
Frequency of protoplast formation ranged from 48 to 98% depending on auxotrophic types. When my-
oinositol (0.5 mg/m/) and ergosterol (0.1 mg/ m/) were supplemented in the medium of cell growth,
and bovine serum albumin (4 mg/m/) was added to protoplasting buffer, 50-100% of cells were con-
verted to protoplasts. Such a treatment of three additives improved 2.2-3.0 fold of regeneration rate of
protoplasts. The fusion frequencies between complementary auxotrophs ranged from 7.0x 10~ to
1.5x 1073 n the optimal conditions. These values showed 1.9-2.3 fold Increase when compared with fu-
sion frequencies obtained without the treatment of additives. These results suggested that these com-

pounds may improve protoplast regeneration and fusion between complementary auxotrophs used in
this study.
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e LAY 4 sl vAEFE  Candida
pseudotropicalis = Kluyveromyces wmarxianus
(fragilis)9] haploid typeo 4] f3-& 7"z Saccharomyces sp.*Fol2] 47t YA §3
B -D-galactosidasert gHA| E4] chal A Al Alo)) o]-& gAA ol . g-D-galactosidase geneTod A2
2 4 g ez ey 9 (Castillo and C. pseudotropicalis7} ©]82 4 9& ojg}
Sanchez, 1978 ; de Bales and Castillo, 1979). (F arahnak et al., 1986). <F4d= haploid type
A FAE Az AHgEHT Y p-D-galac- 1 C. pseudotropicalise °3 k274 EdAwlo] F
tosidase ABAbsolvt A FAE o]gdled wt —’F-J Az {47 sl4SHAA 2 o) K,
AZA A ABAbss S 5 e T marxignus 2tk &ol& 7oz Eof
T @ ulezd Fu A¥YAA §HE ERFE ol &3 YA ot AR

3t gene dosage®] %71} (Chun ef al., 1986)
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B A9 Az Ao e YA
A g4, A4 aela gFgoloh, £ dtde
C. pseudotropicalis F A Eoll Hi K247

ATE Hst] ol24E <bdd double aux-
otrophsE Alzslon AFAA AL dg A
£33 e AT AAEZLY zymolaser}
glusulase ¥.5} ko] #3337 Novozym 2345 A&
3%, bovine serum albumin(BSA), myoi-
nositol x8]Z ergosterole] o5 double aux-
otrophsell ®l& <A A, MY =gz
e A&t U7l olF Mtz
ghe},

Mz o Uy

ALERFE o BE

AH&#FE  Centraalbureau voor Schimmel-
cultures (CBS, Netherlands)2 $¥ 743 C.
pseudotropicalis CBS 607°] % 2 YM(0, 3%
yeast extract, Difco,; 0,3% malt extract,
Difco; 0.5% Bacto-peptone, Difco; 1% glu-
cose ; 2% Bacto-agar, Difco)®3u|ollA] col-
ony7t BA4% wf7kx] 307CollA 3~447F vk &
YM AP o] $A4 3-497F wfFd 34T
oA fr2] Bsln 45 okt Al wloksidch,

FJL2TY EHHo| ZFF9 HI=

Sd¥le] #F9 f5+ Chun 5(1986)2 by
o w2} 0.5~1mg/ m{ N-methyl-N/-nitro-N-
nitrosoguanidine (NTG, Sigma)® 3% (v/ v)
ethyl methane sulfonic acid(EMS, Sigma)$
Eduiolle 2 3led histidine, tryptophan 2]
i adenine 874 Qo] TFE AzxY o
Poulter 5(1981)¢] uhyel =2} 0,2-0,5mg/
m! NTGEZ fr=% 8% double B%eTA &
ool #5% phloxine B(Fink, 1970)]x] Akl
A1 E2]3tgieh, olEol thdt reversion frequency
< H4wx]{0, 67% yeast nitrogen base (YNB,
Difco) ; 1% glucose ; 2% Bacto-agar]Atel }
Ebd colony4-(colony forming unit, CFU)E <}
AuA] (YEPD : 1% yeast extract: 2% Bact-
o-peptone ; 2% glucose . 29 Bacto-agar)Akol
A A&k colonys~2" vHro] Akl et
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e ulid o AlE
St R
frequency”} %2 histidine % methionine &7
A Edwle]l FF(his met)E Hsle YEPD ¥
Azl A 30C, 24417F Avlekd o8 myoino-
sitol (0. 5mg/ m!, Difco)® 0.15% Tween 80
of =<l ergosterol(0, 1 mg/ m/, Sigma)& -}
g YEPDoF YNB Haulzlo] =42 33] A4
& AlZE AF3e! myoinositol? ergosterolo]
T ARl v]Xe Fske zAlelgdn}, olul oAk
274 Edwe] #59 YNBwWiA|el+ histidine
(10mg/ /)= methionine (20mg/ [)& A7}5loq

AR&-31d o,

AUHEA HY oz

APAA g4 9 AL Chun 5(1986)<] u}
ol wiskel, Az AAF£Q Novozym 234
(Novo industrias, Denmark)®] ¥5+= 1mg/
mle|3lz 0.5mg/ m! myoinositol® 0, 1mg/
m/ ergosterole 713 YEPDoA 9] Aujoko]r}
LYAA Y4 HFEdel 4mg/ ml BSAY] 7}
ol AFAA 4 o Aol v]H & d3ke =4}
s}3d e},

BSA, myoinositol Z} ergosterol0] SAHZEIH| of
HYo|l ojxlez Pt

Mpyoinositol# ergosterols YEPDol| A ulfokA]
A7tk 18 A4A g4 gl BSAMAA o
FAA B Aol wlHE P =AR] Sl A
42| osmotic stabilizerz ARE3} (NH,).S0,¢
HHF=<l 0,.5M 32 0,3MZ 35 OM7AA A
A FEE A A @AY kA
AL dzz EAsigic, A wise
osmotic stabilizer 7} =9 A Fuxjoil 4] =)A=
colonys—% osmotic stabilizer =% 7} Solg]
€ AR U colonyd2 Lro] wig
2 ZAE )

YA B8 :

UFAA -2 Chun 5(1986) Hhye] e}
0-45% polyethylene glycol(PEG, M. W. 4,
000, Sigma)# 0-500mM CaCl,7} Sojgl: s
%-&¥ (pH 4. 0-9, 5)0l| A} 0-90£-71(30°C) =14
A FHEY AHzAL zARgn $Hee
osmotic stabilizer7} &1 4wz Aol A} =}

A Ago] FI reversion
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2t colonyd-% skMujx]Aboll4] At colony4-2

el algieh,

Zn g na
JARFH  gdHol FFo HE o
reversion frequency
Single J¢e74 Fedwlo] #57% vlay A

#bo] ok & histidine »:r’““ ol tryptophan o
A Ednle] F3of F4g ulo] Iy 4%
adenine 874 &dwle] #F5 &slod histidine
S74 52 ¥ histidine?t methionine 274
5 (his met)S} histidines} asparagine 274
T (his asn)%E, tryptophan £74 Soiwio)
TF2 HH tryptophan® aspartic acid &4
T (#rp asp) @t trpytophan® leucine &4 #
F(trp leu) %, adenine 874 Edulo] 3=
¥ adenine?} asparagine $TF4 7= (ade
asn)E 747 A zsFAh ol E9 reversion
frequency~ 6,2X107% o|dt2 UFAA §3a}
A EAo) Hgtsloich(Table 1),

Myoinositol2} ergosterol0] 2| 4ZHo|| o|x|=
A

Myoinositol#} ergosterol Al 29| AE2dx} A
] .

Zuko] ok A faloll Teio] gl7] wWiFoll Abr] 3}
el 1o Al nlxe Qe 2R
(Fig. 1),

YEPDYW YNB ®xle] 0.5mg/ mie]l myo-
inositol H7}7} oRAHolt his met Euio)
T3l ARs Al o Axe
myoinositole] T2} iAo} A& A% 7] =)
o2 H¥odAr}(Hanson and Lester, 1980 ;
‘Ridgway and Douglas, 1959). %#, ergosterol

Table 1. Spontaneous reversion frequency of auxotro-
phic mutant$ from C. pseudotropicalis

Phenotype Reversion frequency
his met 1.1 x 10-°

his asn 2.5 x 109

trp leu 6.2 x 1078

irp asp 2.3 x 108

ade asn 2.8 x 109
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(0.1mg/ mi)-S #7138k YNB W= A his met
sl #Fe WAL w479k Az o
A Aol obk Aajzb glaleh. zehd veix)
batcholl 4= A=) 7] | Zoflxjat o] sz w
oAFoledl ol AL Saccharomyces cer-
evisiae (Hossack and Rose, 1976)04] 104—’:‘—
upel Fro] froll 7} ]l AT & sterol &
2ol o f-Ho] free sterol® ZEaish} Az 7)o
ol2wl free sterolo] esterdt Hozx &4z
sterol ester’} #9] WAL E A7) Ao
2 Hofx|e olof el ap4|gh At o g so}
& Aoz Erb, zeht ergosterol® myoinositol
= B4l Aok Aol o] Arbelx] ¥o gz
Tob Aol wls=d AAAIFE BoFoln =
myoinositol?} ergosterolo] AlZ¢] A& A
2t bdA fAl, A Aot §3tate]
214 (Atkinson and Ramirez, 1984 ; Hanson
and Lester, 1980 ; Hossack and Rose, 1976 ;
Papahadjopoulous et af,, 1979 ; Ulazewski et
al,, 1978)& xefsl & w ofokg 4 Soiuwlo]

72 vl o¥7] 24+ myoinositol (0, 5mg/ m!) 3}
ergosterol (0, 1mg/ m{)-& #7}g YEPD~} vwiat
g oz B,

BSA, myoinositol 2} ergosterolO| RAFEIX| x|
AMojl ojx|= A8

ofAlE 39 YEPD ol & ulf =] of]
myoinositol?} ergosterols, 22|31 LAY AA 3
A ekggololl BSAE #7let A3} drleia] oo
zTo AYAA APES vlmslgdct, BSA%}
myoinositol 18]I ergosterols FAol HzjalS
wie AP AdEe] 55 0%2 T (20,
5%)ol wlah <F 2, 7o} FAle] i, ok
T3l A3t o] a35 Edwe] FFol o)
A x Z2A81 e (Table 2).

Table 2014 2oiF wiel Zo] his met SAw
ol ¥, his asn EAWo] FF 28I tp leu
Fadwe] FFolde opiE et fabshAl Al
2ot LeEx A A PAgo] 89,6~97.

ul] ok 4]

%14 BSA, myoinositol 223 ergosterols-
Al Aele o 92,599, 7%=z Zslsldc).
trp asp EAHo| FFol A= 52904 74, T%R
20% olAke] FAE voizalch aehvt ade asm
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Fig. 1.
mutant.

Effect of the supplement of myoinositol and ergosterol to medium on the growth of wild type and auxotrophic

The composition of YEPD and YNB media, and culture condit’ ns are described in the text.
Symbols: control(®), 0.5 mg/m! of myoinositol (0), 0.1 mg/m! of ergosterol(2), and both additives(J). Values

are average of three experiments.

Table 2. Protoplast formation and regeneration from
wild type and auxotrophic mutants

Protoplast
Phenotype . .
Formation(%) Regeneration(%)
Prototroph 97.6 (99.7¢ 20.5 (55.0)
his met 97.5 (98.8) 19.1 (42.0)
his asn 94.0 (97.5) 15.6 (37.3)
trp leu 89.6 (92.5) 8.1 (19.3)
trp asp 52.0 (74.7) 7.6 (23.2)
ade asn 48.0 (50.2) 10.1 (27.6)

a Numbers in parentheses indicate frequencies of proto-
plast formation and regeneration from cells treated with
BSA (4mg/ml), myoinositol (0.5mg/m!) and ergostero!
(0.1mg/ml). Values are average of three experiments.

Edulo] oM ade Aol FFolAg 2

ol ¥ &} gldleh, ol o ddsTA A
wo] FHFol s ATE9 Ao dAsIHL
o] o]9} u]&gt HA-L inositolo] Zol=l ulz]ollA

A AR Saccharomyces carlsbergensis (Smith,
1951 ; Ghosh et al., 1960)2} S. cerevisiae,
Schizosaccharomyces pombe 21 . Kloeckera
brevis (challinor and Daniels, 1958 )oll4] 2=
Atk ade asn Aol FF2 7% inositol
e uiRlel A wodgl e wis A FA
A ZAel A8 ¢l 2L inositole] AL
Fv §5 inositol®] A2 FA7 2ol o]
Yo o) cryptic mutationol| 7]1=

£ o
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T
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ul A Abzol Al zul dhado]

Elas °JOIO)

E l o O 1w hn |

4 1% Zolek, shebd olst B8 4o} 3ol

oF ¥ e foh @, b o4 E
Q

Hol 5o g LS vl 7,6-19.1%
oA A7kl SHEHES AHS W 19, 3-42, 0%
dxg A4g FA4E& 2o Stephenst Nasim
(1981)2] A (10~18%)v+ Stahl(1978)8] A=}
(0~10%) 2ot 2 4es HoiFalct, Laiot
Liu(1982) =23 Teasdales} Rugini(1983)+
Zy7 8 (Oryza sativa) ¢ 2% (Pinus taeda) 2
AFAA 4 h3Zodo] BSAZ HrlgtogHy
Axw AAZA ol EAslE protease BAS
BSA7} shsfa)A AlZ£9tS BEgcin ¥ g u}
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zymolasev} glusulase® .t} &4do] 743} protease
7b Aol 97] wlFo] BSAS AHsbvh
ReZ Heleh gk, myoinositole &2 AlZ=t
9] olx]A A<l phosphatidylinositol®] A17-%
Zol1, phosphatidylinositole Al Z=he] f-of 4
of 7lodle Ao® duix (Atkinson and
Ramirez, 1984, Hanson and Lester, 1980 .
1978). = Hanson3 Lester
(1980)%& S. cerevisige AEH AEe] FAE]
£-1, 3-glucan®] #®] = Aol myoinositole]
Fog AL oy ¥ wd vk g ow, Hos-
sack &} Rose(1976)% ergosterolol S, cer-
evisiae®] A E2 “rodddel rloigrin ® gk wl
Ak, ol&H AL ZAR Wl C, pseudotropicalis

293k

Ulazewski et al.,
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Fig. 2. Stability of protoplasts from wild type and auxotrophic mutants.
Symbols: control(0), and treatment(®). Values are average of three experiments.
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€9 Aol ofg  myoinositol?} ergosterol®]
e Azt e A
of 7lql®l ez  ®ofxr, =3, BSA,
myoinositol 2] 3. ergosterolxzloll 2]d}o] A
B gAY kA AYsiAl g dzTe
a7 wlastr] fske] Al 9 osmotic
stabilizer®] ¥E7tio] w}E AlhalA HIEE =
Astd et (Fig, 2).

Fig, 2014 RoiE wle} Zro] AM7HEe] AelT7}
7ol wlal AbeiA)gulze] 7hardsko] glalgl
Ao 2 ¥a} BSA, myoinositol 2|3 ergoster-
olo] AlZ=te] obdAg A7l Aoz R} o
2 AYAA Y otgA-e gl uie} 2ol U
A Ao FAE qlEa Fa gl

BSA, myoinositol 2} ergosterolO|
gholl o|xl= A&

AFAA =L 4ux o #FE
reversiongo| Y1 AAgo] T E his metst
trp aspEA¥e] TAFE o|&sle] ZAbsigit
PEG 35%, CaCl, 100 mMellA §3%Hgo] 713 =
% olw]l PEG =247 30%-0] HAo|glowm
A pHe 6.001ch, AFAA gl mx&
PEGS AAF=+ S. cerevisize, Rhodospor-
idium  toruloides,. 1 2} I Schwanniomyces
alluvius 5 (Farahnak et al., 1982 ; Maraz e
al,, 1978 Sipiczki- and Ferenczy, 1977a;
Wilson et al., 1982)2] 35%9 UA g o}
Chun 5 (1986)2] C. pseudotropicalisoV A} his
2 trp single QR}LTA TFERH FHPoIAE
PEG HH¥57} 20%2 & Folzat g3l A
45 4ol #5571 obF W& PEG AA¥x
= zol7t v Ao Alafo, @, CaCl, &
HFEE 100mM °jglevt 10~100 mMellA &
A zol7b glo] Morgan(1983)e] B3 10

bote

)
Az =

HEEM &

u oX

p.s ]
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Table 3. Fusion frequency between complementary
double auxotrophs.

Phenotype Fusion frequency
his met + trp asp 1.5x10-3
(6.6 x 104y
his met + trp leu 8.7x104
(4.7x107%)
his asn + trp leu 7.0x10~4
(3.6 x10™%)
his asn + trp asp 9.4x10+4
(4.8x10%)

a Numbers in parentheses indicate fusion frequencies of
protoplasts formed from cells not treated with BSA,
myoinositol and ergosterol. Values are average of three
experiments.

~100mMe] ame] YFPAA Fol 71 F2
Fxebe At At ot his metst trp
aspSTA TF7HE] 4¥AA F=Ac=z Fo
A Aud goddo] #FEZNY &S Ak
At (Table 3).

2 ZA7= Table 304 HojF vlo} zo] 7,0%
1074~1,5X107*2 & Candida albicans®] 1.3X
1074~9,1x 102 (Pesti et al., 1979), Candida
tropicalis®] 3X10-5 (Fournier et al., 1977),
S. pombe2] 1,7X1073(Sipiczki and Ferenczy,
1977b), 8l Saccharomycopsis lipolytica®]
5X1074~1,5X1072(Stahl, 1978) 52| 4-x|¢} ]
aste] FARE 788 velith, BSA, myoinosi-
tol 2|3 ergosterolg M Fgh A7} wlA e
ol ¥18] his met+trp aspollAe 2. 3ulo]m v
A AEA FdHe] FFEZY] FHIAE 1.9
~2.0009] §3& bl Qo] A BHgHEA ol
o APAA QY& B2 FPEE 2L £

AeE & 4 steh

2

Candida pseudotropicalis®] 3¢8-74 o] F55ol ol UFAA A, AW 22)3 ol 2ol bovine serum
albumin (BSA), myoinositol 123 ergosterol®] FAAFAE AT3ct, YHAA ‘?s““&’%—?: FAeTA FF9 typedl =t
2t 48%~98%%ic}. 0.5mg/ mi®] myoinositol®} 0, 1 mg/ mi¢] ergosterok s oFelof M 7bshm 4mg/ m{e] BSAS 948
A Y4 dFgolol] A YL wlE 50~100%) YFAA PFH8L A, °§°&3-'?‘5‘é T59] Ax]ol myoinositol
ergosterote EAlell A7kt AFAM 4 23-8olol BSAT H7lstd 2,2~3. 0000 UPAA HAE 2L wojzole),
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