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In order to develope a protoplast fusion system for citric acid and SCP producing Candida lipolytica, the optimal
conditions for the formation and regeneration of protoplast were examined and the protoplast fusion was performed.
At the optimal conditions of growth phase and Zymolyase treatment, frequencies of protoplast forma:ion were 98 %.
Approximately 20 ~30% of protoplasts were regenerated on the regeneration minimal medium containing 3% agar
and 30mM CaCly with the overlay of the same medium. The fusion frequencies, 4 ~5 x 10-*, were accomplishied by
the treatment of two nutritionally complementary auxotrophic protoplasts, L-14 (lys™) and T-24 (try"), with 30% PEG

6000 containing 100mM CaCly at 30°C for 20 minutes.

A Hder Fasgt awe fFsNekl protoplast Fefe] g oz A8-3 Eqddelol &)
%fﬂ‘% o] &3t} dhi= A% Saccharomyces & citric acid 4 k2 ZF7FA]2 4 Al e I A Bk
3o A9 Fdt=xlel gelo] ethanol Wit 7 18- o] Hojz|= AAo] YU} ejrt -2
oll 4] ethanol & A sl 5, w=3} spectrum A 2§ F5708k4] 2l protoplast 5ol H]
ol Heolxl TFE FE37] A Arrt FLaiA A RolatA HAH Aoz AMzbmich
AP 5 3w Yo, 2 B el A= Candida lipolytica§ o|&sle] &
SCP, |74k AAaboll ol &5l Qle Candida <5 2} o] citric acid A} AR FF Rl citric acid Al
o] wHFENeL Saccharomyces S0l £z ¢t 2} Ak WAk Ad o) 45t Al FodAle EA4|
o7} 9d& Hezm Yzslo] eldla vt well4] cit- AAEe TFE Ndste Ae FHeR 5o
ric acid 2} BIEHE SCP 5 44T + & Can- Candida lipolytica ®] protoplast 3 4], A 44l Z 2 of
dida lipolytica (Saccharomycopsis lipolytica) ol 3 PEG AHelol o8 =271 S AE Lo 7z
& FFolake A =31dch. Caendida lipolytica Ag 2 el rio) B ustmzt ko),

£ glucose o] 9| 9] =& #A3tE 4 A" =g

6
H

391



392

B M

H Al Eol A3 FF = citric acid A E R
Candida lipolytica J-24 2} NTGeol 9Js] HF=3
odoka A o) F ol

B

2 Agol AH&-x wix]& Table 13 zrow Pro-
toplast of Al2¥ {4 Aol 0.5M KC1 & 7t}
o &EEHE WhEo] AHE siglch

dAeFHHOIFL Fal

= olel F7]& Akiyama'® 52| wiio] F3}
FAAHolFe] 552 Matsuoka!'” 5o vt
o}, Z C.lipolytia J-245 YEPDu} =]l
Eot Aekvl ekdln JAE2 (5 000 rpm,
8 min) 3to] JolA HAE saline o2 3 3] AlH3I
¥ Tris-buffer (pH 7.0) 24 1mi= 10"~-10° 7} 2|

25 dfete AR vkEol NTGE 3§
=7} 0. 4mg/ml S| Al M 7Pste] 28T o4 3027+ b
A1 7% saline 22 NTGE o)l o}& Tris bu-
ffer 24 detol & gbElch

NTG xelg Azdeted 0.5m/ % 5ml2 YEPD
szl ol HE, 30Tl 12417 wloFsle] g AlA
3 ¥ 5mie] FALHDwA ] LA 1247
vlekd oS Adsle] 4.5ml o] AALwR| oA 64
7k wio$ A HCIE pHE 4.0~4.2% =43
t}& 10mg/m! ¥ Al Nystatin''V-& 2 4|75t 30T
o4 A 2]§ F Nystating D42 ol o
3 3lo] YEPD mallvx]off HItsio] wfkdl oL
A4l 2ol replica Al 7] w2 o] HE3A BE
colony & 2t ul xjoil 4] A1wd 5}9d o},

Protoplast 2| =X

C.lipolytia®l AZLHE AAs7 93 &H&

o

“

fir

Table 1. Chemical composition of media.

(%)
Ingredients YEPD M 3
Glucose 5 10
Peptone 0.5
Yeast extract 0.2
(NH,).SO, 0.1 0.2
KH, PO, 0.05 0. 05
MgSO0,-7H,0 0. 06 0. 06
Thiamine - HC1 0. 004
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Table 2. Back mutation rate of auxotrophic

marker of isolated auxotroph

Strain Genotype Back mutation rate*
L-14 lys™ less than 107'°
T-24 trp~ less than 10~¢

.- colony number on minimal medium

colony number on complete medium
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Fig. 1. Effect of KCl concentration on protoplast

form ation.
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Fig.2. Effect of culture time on protoplast

formation.
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Fig.3. Effect of the temperature and pH of

Zymolyase treatment on protoplast formation.
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Fig. 4. Effect of concentration and treatment

time of Zymolyase on protoplast formation.
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Fig.5. Dependence of prototroph formation from
L.-14(lys”) and T-24(trp~) on the concentration

of PEG 6000 and PEG 4000 in the fusion mixture.
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Table 3. Effect of 30% PEG 6000 treatment
on the colony formation in the RCM and RMM

PEG wused PEG not used
Strain

RCM RMM RCM RMM
L-14xT-24 77 32 332 ND
1-14%xL-14 NT ND NT ND
T-24xT-24 NT ND NT ND

RCM, RMM: regeneration complete, minimal me-
dium 10* fold diluted suspention was plated in
RCM ND: not detected, NT: not tested
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Table 4. Dependence of prototroph formation
feom L-14(lys”) and T-24(trp~) on CaCl, con-
centration in 30% PEG 6000 and the treat -
ment time and temperature of 30% PEG 6000
containing 50 mM CacCl,

Prototroph formation (X 10°*)

Scale
CaCl, (mM) Time (min) Temp. (C)
0 0.1
10 1.5
15 3.2 3.4
20 4.1 3.8
25 2.3 3.8 4.0
30 3.4 3.9
35 2.9 3.1
50 3.8 1.3
100 4.7

Aol sl cdojvis Alwt wwle] o)
st 2@sle g Habsh 2A g
= Aeg vAFy e Arima'? %
cerevisiae 2] 735 30% PEG 60005 A&
50mM 2] CaCl, 8] Exol4 & §o 3.4_41
Solingen ™ %< 10 mM °o|4-2] CaCl, ¥ %+ spha-
eroplasto]] lytic gt &8 vlxcha sfglory H
A goll A=

PEG A 2] 4| 7}k2] o2&~ CFU( colony forming
units) -5 & A 8= protoplast & F7tsle Ao
heiA At Z Aol 20~25¢ A=st A
ol o2 uhebulbch(Table 4). Table 4 ol 4 2
= ups} o] 30% PEG6000% 2l £x%& 25
~30C Abolzt AHE I Heow feputeh

=z
i

9

r«1rz

|
S.

A

r[o ”10

z:

ol
o
32 f“|°

ar

j=) ok
ped =

WAakA o] 243} citric acid2l SCPE& o] 4
4% 4 e 2RAFE SF67 k] 7oA
A #23l Candida lipolytica ® W 43 A

ok
o
f“l" olo

m‘i‘l

Z273¢ JAEsG )t wiekrist iiiia\iﬂ
2| 2 shgkell )3l 98% o] protoplast 7} & 4 5] ]

395

3 % agar 2} 30 mM CaCl, &
Aol FAUMA ) FFol sl oF 20~30%2 pro-
toplast 7} HBEdch 2] dokarAdel Au
el dFevAAdg A, L-14 & T-24¢) 100 mM
CaCl, & &3 30% PEG6000E 30 C o4 20
+2F Melste] 4 ~5X%X107'9 §Ful=rt odol
o},

I E L PR,

AF A

2 £ 1983 = dEFdestetEd e A
Adtelz Fgsigion x/skel T AT

m
ok

IS

1. Panchal, GJ., A. Habison, [. Russell, G.G. Stewart:
Biotechnol. Letters, 4, 33 (1982)

2. Russell, 1., G.G. Stewart: J. Inst. Brew., 85, 35 (1979)

3. Gunge, N, K. Sakaguchi: J. Bacteriol, 147, 155 (1981)

4. Gunge, N., A.T. Tamaru, F. Ozawa, K. Sakaguchi: J.
Bacteriol., 145, 382 (1981)

5. Gunge, N., A.T. Tamaru: Japan J. Genet., 53, 41 (1978)

6. Arima, K., 1. Takano: Saccharomyces Yeast Genelics,
93, 1 (1979)

7. Lodder, J: The Yeasts. a taxonomic study, North Holland
Publishing Co., Amsterdam, 991 (1970)

8 Chun, HK., NK. Sung, SK. Park: Kor. J. Appl
Microbiol. Bioeng., 47, (1985)

9. Akiyama, S., T. Suzuki, Y. Sumino, Y. Nakao, H.
Fukuda: Agr. Biol Chem., 37, 879 (1973)

10. Matsuoka, M., K. Uchida, S. Aiba: J: Bacteriol, 152, 530
(1982)

11. Snow, R.: Nature (London), 211, 206 (1966)

12. Kitamura, K., Y. Yamamoto: Agric. Biol Chemn., 43,
1761 (1981)

13. HEEWE, &% B #EHMO T bTs X b
A, SR LFERE, 37,380(1979)

14. Solingen, P., J.B. Plaat: J. Bacteriol, 130, 946 (1977)

15. Kao, K.N., M.R. Michayluk: Planta, 115, 533 (1974)

16. Ochi, K.: J. Bacteriol, 139, 984 (1979)



