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ABSTRACT: The cell fusants were constructed from complementary auxotrophic mutants of Phffia
rhodozyma. The nuclear fusion of the fusants was demonstrated by several techniques including
comparision of cell volume, estimation of DNA content and nuclear staining. The cell fusants were
very stable for succeeding transfer culture on complex medium for more than one year. Malt extract
(1%, w/v) and abscisic acid(1 mM) increased the carotenoid formation whereas gibberellic acid(5
mM) and riboflavin(0.1 mM) decreased the corresponding content.
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ARBTE Y BE : AT 5= Phffia rhodozyma
CBS 5905, CBS 6938 ©1313 #FHA-LE YM (0.3%
yeast extract, Difco ; 0.3% malt extract, Difco ;
0.5% bacto peptone, Difco ; 1% glucose ; 2% ba-
cto-agar, Difco) 3wl 2|l 4] T4 7} 432 w7l
22T ol A 747k Mg F YM ApuRol] A 4
Tl wasiglon 4Fekch Adulsial. %
Z1BBE-L 40% glycerol(— 20T Yoll 4 H#a}qdc)

BYRTY SHHOIZF M : EddolFF
F=% Poulter$(1981)¢} Fink $(1970)9] whyd-$
WYzt o] 43lgir). SdHolFF9 AL YEPD
(3% yeast extract, 3% peptone, 2% glucose) %3+
B 2ol A 7-8 7} vl &g F ehd A S 2 4wl R
(0.67% yeast nitrogen base w/o amino acid, Difco
; 2% glucose ; 2% bacto-agar, Difco: MM)ell rep-
lica plating 3to] 4-597F wikdt &, YEPD <Hd
WA A AT H oA o) e AR 27
TAHE AlH3le] Sherman -5(1982)9] whylel] =}
obu|: Al gl dAata A4S FAMBIA

Zkzte] e EQHEFEL oln it}
ako] 74 FHawf Rl A 347 s FT T4 0.1
m/-g 50 m! YEPD A=l o] A ste] A=|7)744
¥ o FAFE miR 1-5X10°%) SA F&
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v HauR)E gk 2 F 22T oA 81097
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A% FH=F 7HA 31 Davies(1976) 24)-& A-4-3}
carotenoid& A=Fdlgicth 2+ MAadre] e up
% AEvlEIdH(thin  layer chromatography;
TLC)¢} &<2-4 E F(eletronic adsorption spectra)
o 2Jsto} Sashelth An %, 1989; Davies, 1976).
A E #2lsl7] Ao TLCHHArt. 5553, Merck)-&
100T o] A} 308-7F A2A| A 933 $E-& A A 5}o
A28t 27Nl petroleum ether(Aldrich,
U.S.A) 2 acetone(Aldrich, U.S.A)S 90:10, 80:2¢,
70:30 ¥]& 2 E3ste] -3 LHAA ALgshel)
5 A2 ARE HEY TLCE A7 Sl
1-15A17H5qr Wo] xhkgl oA RN ste] Mrg
S-S

e A4 Ao #ilele A9 RfzHAnS,
1989)3} %FA|R2 Rfgte arstgl o, TLC 2
oA Eel3t 7+ Aie) uE 2 & FeJHo} acetone,
hexane, chloroform. petroleum ether S°.2 &3
st} $&% Mie UV-Visible Spectrometer
(Hitachi, 557)5 o]43] 300-600 nm=. spectrag
A o] 2H-E] 2olx]l MAo) F peakd) FAER
Davies(1976) 4}l ¢]3}ed carotenoid 2] zF A1 9)
Hr=g 243)lc) 3R, 3R -astaxinthinS-& 3
g #F M4 Dr, E. Widmer( Hoffman La Ro-
che&co.,, Swiss)® H-E] 7|&Eure 718 A4k

Malt extract, gibberellic acid(GA), abscisic acid
(ABA), riboflavinSO0| carotenoid AHMo|| D|x|&=
GE : FAHNE g A4 23 JRE 24}
&t7) 1%k #5-2 CBS 59059} CBS 6938 o} & 5t
ol E2HE Az A F129} F21olich 79
wf ke YNB wiA]o] 0-0.3%<) malt extract(Difco),
0-5 mM®] gibberellic acid(G.A, Sigma), 10-20
mM$] abscisic acid(ABA, Sigma) 2 1-100 ug Hri-
boflavin(Sigma)& H7}8le] 4-14U7}A] =zedujek
(120 strokes/min, 22T )3}l om 7+ H7}Eo) W2
carotenoid®] A2 UA3 X|7)o A AE2
FH Aed A F& BAYA Jeguz A

sk e},

£

BR A %

=AUHO| IF M= U BAHE : Ph rhodozyma
CBS 5905 2 CBS 69382 3-E] Sodo]9 ethyl-

methane sulphonic acid(EMS, Sigma) N-methyl-
N’-nitro-N-nitrosoguanidine(NTG, Sigma)Z =] 3}
o) JFaTFA Edwe) 3FFE dgle 2 &
methionine threonine(met thr)®} lysine methio-
nine (lys met)«= CBS 59052 H-E tryptophan leu-
cine(trp leu)i= CBS 69382 &l Axd 7lolm
o] 59 EHEL 35X1078—1.2X107%]]c}).

HEEA #HM : Novozym 234 E4 zeld] 2]
d944 g4 =0 Z7] d471(36-48hr) AE
ad=sgelgdar AFgl <kAlAlE 02 M KClo) .gha5l
0.3 M(NHy),SO,, 4 55+& 5 mg/m), vH-&-A1 7k
150-180 H-o1gdc}. Ph. rhodozyma 39T Ead
Ho o] 133 §Ae§-2 CBS 590504 A%
met thr& WHSA]ZE 24]7F 308-3te]] 81%, lys met=
uk-2-A] 7} 221 74abo]| 55% 2 vyelytal CBS 693801 A
AZF trp leus 9-5-A17F 3417kt 70% 2 e}
W}, Rost®} Venner(1965)x  Saccharomyces i) 4]
strain vict €3] A $2Fo] 1-100%2] H3}-Zo)
dekz Bast vf gla, odokg 7Al EedHo|F9
A4 ¥4 $8& B9 Saracheck $(1981)
Candida albicansol A 80-99%, Bai 5{(1987)-2 Can-
dida pseudotropicalis| 4l 48-98%, Kim(1988)-2- Fi-
lobasidium capsuligenumo) X 76-96%<] 42 o
etz W33 vl ok ol Ph vhodozymaE
FH Az FddelFe] 43 Pd45-go) o
Wl wlE] P = wIET AR RS 4§
FIvA=d

AYWH ST UM £4 : CBS 590504
A Z3 met thre} CBS 69384 A %3 trp leu
B8 T FAHe] FFM 34 F12E, CBS
59050 4] A= lys mete} CBS 693844 A z3F
trp leu QY8 TA EdHe] FFolA A F
21¢ 4ok 4¥AA §£FEL met thre} trp
leus= 1.3X107% lys met®} trp leus 1.7X107%9]
et

Az F¢A F12¢F F21a8]3 o] 52 of4 g
ofkx3 el Axel =7), DNA 3=k Table 1 o
EAH0] olek. $HA) AZ AN 1T A
ol wlal AMo] 20 o)Ak /b A E DNA
ghek(fg/cel)2 A7} 137.7-144.0(fg/cel )EAN oF
H3}e] DNA ek 74-75(fg/cel) Rt <F 2wfict
(Table 1). = 3] -2 gl o st
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Table 1. Cell volume and DNA contents of Ph. rhodo-
zyma CBS 5905, 6938, parentals and fusants.

Strains mean volume DNA/cell ploidy
(um?) (fg/cell) (n)
wild
CBS 5905 2175+ 11.7 746104 1
CBS :6938 148.2+ 9.7 78.0%+ 0.3 1
parentals
CBS 5905
met thr 22311119 742+0.2 1
lys met 71790+ 79 751+ 0.1 1
CBS 6938
trp leu 23251123 778102 1
fusants
F12
(met thr+trp leu) 470.0%222 1439+0.3 1.93
F21

(lys met+trp leu) 4504+ 259 137.9i‘0.8 1.83

For F12 ploidy (n) value based on the average of pare-
nts met thr+trp leu (74.7+£0.2)
For F21 ploidy (n) value based on the average of pare-
nts lys met+trp leu (7521 0.2)

FHHe Aol wla) == AR FE L F 9
Ak Plate 1). FAES] Hol g $E4HE
AEs7] f& 3 2S¢ A3 33 A
¥4 R wEsb 10-29X10 )5l FEHA
Rl E 21-98X107%0|tk.  Shwanniomyces
alluvius (Willson 5, 1982)¢] -5-3tx1o) 3jalBeul
= A3y Rejuler) 24-84X107* o)gla, %
=37 HeulEe 1.7-2.3X107%0)¢ckz v 3
v} gle.™, Candida pseudotropicalis (Chun %-,1988)
9] A= Ad¥d Eeulzs) 30-81X1074
E?‘fé EalEE 14-1.7X107%2.2 B3 # u}
sleh. & APelA Az $PAEY AL ¢
Hulsel feygd Fepiler)t A7) F £3 8
slgd e}, Chun £(1992)¢] Ph. rhodozyma CBS
5905 2 CBS 6938238 J¢d Heuls ¥k
wWokth, 152 A FoRNEH Jd9d $RAES
iy Fejiee] fe3a Repest 44 14
X1071-6.2X1075, 1.2X107331X 10 %o]gictn B.A
3wl sich

Carotenoid MY : Ph. rhodozyma CBS 5905, CBS
6938 ok ¥} o]EE HE] AEH met thr, lys
met, trp leu %3 F87A Edwe] F5F 2 A
F12, F219} % carotenoid &%+-& F12, F2194] 242}

[

Plate 1. Photomicroscopy of nuclei of fusion hybrids
and their parents. Nuclei were stained with Giemsa
solution. Arrowindicates nucleus. F12 : met thr+trp
leu; F21 : lysmet+trp leu

7005} 933 ug/g yeast2H oFA¥ F3 CBS 59059)
370 ug/g yeast2} CBS 69382 536 ug/g yeastel
w2250 ik EF opAd, FAY L 3
Ao A A Az F3¥AE 2 astaxanthin T2
375-500 ug/g yeast °]evl o= o4 2] 206-266
ug/g yeast B} oF 1.8-25uju} FrE|glA|aE A
<ql trp leu?] 1,066(ug/g yeast)Hrth= 2-58] W
otedl 2 olfrol M ¥HAl 3tk
Malt extract, G.A, ABA 12|11 riboflavin0] ca-
rotenoid AHAJof| O|x|= HEF : Malt extract(0-3%,
w/v), G.A(0-5 mM), ABA(0-2 mM), riboflavin(1-100
uM) & #7153t YNB ul Aol A §-FAF125 F21)¢}
o]&2] ok mFF (CBS 59052} CBS 6938)F
447} vl okt F o]=9) carotenoidebg FAbskgdch
(Table 2). Malt extract A7}tollA @A 2] A3
7} <F 2ul], 28]3 & carotenoid®-& < 20-35
%7} 7474 2R3, 1 mM ABA H7olMe
FARe F7EA] ket F carotenoidS 7|3
7Rl vla < 11%7} SAE= A olehs W
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Table 2. Effect of various chemical compounds on
carotenogenesis of Ph. vhodozyma and its fusion hyb-
rids.

Strains YNB malt extract G+ A ABA riboflavin
CBS 5905 363 436 297 389 329
CBS 6938 523 650 432 573 467
F12 681 887 570 782 607
F21 928 1,253 772 1,021 824

Yeast were grown for 4 days in YNB broth supplemen-
ted with 1% malt extract, 5 mM G. A, 1 mM ABA and
100 pm riboflavin at 22°C on orbital shaker at 120 rpm.

GA2} riboflavin Zq7}/‘1 A A AL W
337} gdgdon} F carotenoid FIHEFRE 5 mM GA
A7) A= 16-19%7), 28] 100 mM riboflavin
A7 e 2-129%7F 27 7dasigdti(Table 1).
Ans(1991)L2 0.5% malt extract & 7}7} Ph. rhodo-
zyma®] A carotenoid 4L &3

stk Bardlk vp gloh %= 7 malt extractel]
2}3} carotenoid 23X A= malt extract o chek

45 altodextrin°] A AE BslE A A=
2epel o “H'v‘°ﬂ v}Fe] ool 23k o)F oA
AHg-o] %1317] wFoleb X|AbgE ub 2101} malt

extract W] ojw AlHo] carotenoid
stlevtell el ¥ ¢irh. &9 Dandekar
5(1980)->- ABA~} trisporic acid t8-© 2 Blakeslea
trispora®} carotene AL =X}y ¥ 7§ uv}

o -
g &3

2 10007 cBs 5905 (—0-) 101

S | cBS 6938 (—a—)

g

=]

o 750

o

@

j=Y4]

2

2 500 1005

= |l

2 o <

2 R

8 N N

s 250 S B

S 23
v N
M M
| e

0T g 10 14 0

Culture Time (days)

altk. 22yt Ph. rvhodozyma| A= B. trisporal 4]

ﬂaé ##)8k carotenoid A4S AR F7F =

AEe 2 4 olgdr) o] de] GAE carotenoid
WAL AR st} o] e odAl zleL. x|zl

o ATt o E e o3 4 AR =AY
Hahg 94 s g T A AF
A2 FH 5 B wEA £ UE Heolrh

Goodwin #} Lijinsky 5 (1950)2 riboflavin®] ca-
rotenoid A Adell &7 olgl i A|ALgh v} Q1o Ph
rhodozymaoll M= 9318 A AAdS dAskch
o]k oA 82 omlm ML A F7HA S
dehydrogenationel| @3} riboflavin®] 24 wj-Fd
4 Slth(Sandmann %, 1980; Valaden %, 1979)
et o)l [ A 722 AAEME BHA
St ,

1% malt extract & 37} #4 AA 2 carote-
noid & &2 3117 wiitel §3A Y oY
BFdFE 1% malt extract . 3H7-3 YNB wj =] off 4]
144742 wlksld A FAlEF Y carotenoid &
ZA}%}eiu}(Fig 1. Fig. 1o4 RoeiFE mig} zbo]

T 4d Ao 23 oY ZEFE 109 A o

0

xg Z 7)ol =etsledct. 2=t carotenoid®-e 4 A
of &3 Frhskelon 1 o) Feli F7b} £3

=gt} carotenoid-< 14U A o] Hdix]7} ¥ gl=d)
ol= An% (19912 Hzje} wlL3tgch
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5001 ® <
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Fig. 1. Effect of 1%(w/v) of malt extract on yeast growth andcarotenogenesis
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m =

Astaxanthing A XSl &% Phaffia rhodozyma
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extract2} 1 mM abscisic acid % 7}A] gj&T-ol H]
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1=

I
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