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Astaxanthin &2 2|8} Phaffia rhodogyma2| HO|ZF My}

Selection of mutant Phaffia rhodozyma and Determination of Optimum Culture Conditions for Astax-
anthin Production. Yu, Seong Seon and Yeon Woo Ryn*. Department of Molecular Science and Technol-
ogy, Ajou University, Suwon 442-749, Korea — Phaffia rhodozyma is the mosl promising microbial source of
astaxanthin production, though wild-type strains are needed to increase the astaxanthin content [or commercial pro-
duction. To increase astaxanthin content for commercial production, a mutant strain of P rhodozvma was selected
and culture conditions of the mutant selected were optimized. P rhodozyma was treated with mutagenic agent such
as NTG, acriflavine, and UV in serial order and carotenoids hyper-producing mutant strain was sclected based on
the capabilities of cell growth on the agar plate containing chemical inhibitors and carotenoids production. Among
the mulants tested, a mutant WS-2 was finally selected. Mutant WS-2 produced 1.26 mg carotenoids/g-dry cell
weight and this value was about 4-folds higher than that of wild-type. The optimum culture conditions were 24°C of
lemperature, 1.5 vvin of aeration and 300 rpm of agitation. In the optimized condition. ¢ell and carolenoids concen-

trations were 7.62 g/l and 14.9 mg/l, respectively.
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Carotenoids polyenee| B} B8l 1 2% 7A#, &
ol ring TEZE Z= EE=2A polyened}t ring T3
Zolel) whe} efekst carotenoids® FE-ET}. Carotenoidse
HA7HA 9 4000 Fo] wEEAIT[11], 2 FA rrans-
astaxanthin (3,3'-dihydroxy-B,B-carotenc-4,4'-dioney 3| ¥
#goll FH3P EAshe 3-SR A, algae, fungi, 1]
T e ZAREEE =] HelAkgel] F e,
B, B 2R 505 o)%, XN a5 g
dozIcH9]. T2, astaxanthin® Qo) B2 @2 TEF
FEAME A0 WA gorZ oHE LI Jleat
dolut, dof, Fo] 5 Z FAkge] Q] A F
vjglozgx 208 H7H 48 s UvH4,19]. A Al
Aol ABAFE o E2] astaxanthind F2] Holvt ol
S T A AnEY, HIdE= 7 AKldM =
astaxanthin®] 7t Az} Ersls FAlef alch. =3l
astaxanthine JA el vitamin A2 A4 9L &
Bab ohE), ©}E carotenoidsle 2= 7FHI ¥ Akk
ghejzAj = 8 AbEEe] T2 carotenocids Er}b 108,
vitamin E B 1009l L2 ehejx gle] 3 Al
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astaxanthin hofal Ao wsled DNA &4 bz
Abzkz olsl] A|gEgl Mxmte] 4kg o= Aks =
70,70 FIE ok Ggel o]4=3 glel{1,21].

A astaxanthing AWAEI= Zo® Azl 475 Tl
A AkdAel Akl o] 8E ol FiEAE U I
P rhodozymaS} Haemacoccus pluvialis ©132[12], W2 o
FEE astaxanthin®] AJ/deke] o} AlgiH<) 7437} Do
ek BIHAG4.12]. Tt ¥2FA H pluvialise
sfebibgel] met 2 #He] astaxanthing AR 5 )
ZRE wjefAlZre] A, wioF Fof] Mg FEH ok A F
] wkdo] 9l A= astaxanthin®] tF-Ee] ester
B2 EAE7] dZel FEol whet oAb Y Al FA o
kg F 4 ol Bame] glui[9]. melA el
A AL Er] g g5 odeksle] € 4 ol HEel
THZEHE Aq4rZ F2F% a7t gy ERQ P
rhodozyma7b WA FFHo2 BAHT QId19]. F,
agtaxanthin A Akel] il P rhodomymad] AL 5
v} Fpolel] wIgted wioFsirlzt Selsb, TAl A Al F
gt Al A FE 2208 BE3 XM e
2]l 258F Fu)E 7RI qle] Aa 2t opst

RSl Do) JPFFACRAS 4T F P
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P rhodozyma= 1970400 Zof) 4B dejagt ul 24
ofe] AtlR|Hel A U Sl o He) AHSOoR HE
oo A% E carotenoids WA F astaxanthin®] T



o] 80% oliel ALZE A=A 9ITH9]. Tt o TF
&l P rhodozymasl X carotenoids®] AJAd-2 9]‘ 0.4 mg/g-
dry ccll weigh(DCW)2A] M40 7 ol8d £ 9lE 1h
F =A 7] w3, 4 astaxanthin?] 7 ]'7-% BAAHE
77 fHME B2 =Y A4S AAE ¢ e I
ko] Hesle}, ek HAY7EA] astaxanthin®] Ae] ¢
F3 FENES A% deE B =R
mutagensS #2]8 Foll od=2] 7}A] carotenoids A A
A N3 HEAdS e dFF AlESle] astaxanthin
qAge] st TFE AEIte] FoH2,15] =37 P
rhodozymaZ- ©]-83t astaxanthin®] 2 JAr=71S 78}
 dATe s AP givt. F ARAH B A3
“4 A 9 frAsde] AA7.8.9F HERA[10,23] B

wleFab [24)0] HE AT FEL sl
welr] B dAFelME mutagensS FAFHSE A 7|5}
‘34 o] 2 FEA|Z] Fol| 457 Ho|FFE s, A
- ol ] 2 wiAlRA f wiokEAle] gt AT

F8)8lo] astaxanthin®] AF3E AJalel] dgk ZleAS A=
skt
Mz o HHE

™

AMEE TFE astaxanthin AARSE $3le] 71 de] A}
£33 e Phafﬁa rhodozyma ATCC242028 A3-38h
A ol A Fof dho} o] B3}, AT HE APHulA]o]
ZEsled 4°ce] WALl BakspHA A3t

HiQE HHX| 3¢ BHRF ZEA

HEE TF59
cxtract, 3 g/l malt extract, 5 g/l Bacto-peptone] EFT
YM #iA] 50 mkE- 250 ml baffled flaskel]l @3 HiFsk F
o] TFE AZFdled 24°ColA 150 rpm o2 WHESPHA] 48
Az R wieFale] ARgsiTh WoldEe] A2 2%(w/
v) agar’} E&% YM wiX|e| chemical inhibitors] p-
ionone, thymol, 2-methylimidazol, 4(5)-methylimidazo],
miconazol 3 clotrimazolZ} A71E WS o]4sledc} A

3 Ho|gEEe] MEAAT carotenoids e BIRLE 9
gk AP 20919 glicose”} EFE YM WiAZ ]85}
AEL 5o Wi $UT T 742F vkl

WEFZ o] &8l astaxanthing] AL 20 g/l glucose, 20
g/l com steep liquor(CSL), 0.5g/1 MgSO47H,0, 0.16 g/l
MnCly-4H,07} F3Hel wjell=] 1.0 liters 2.5 liter &
Z (KoBioTech, Korca)l ¥ 24°CelA 1.5 vwme=E &
718k, 300 rpmoE. AukshEA AFS el vk
WA Aol A CSLE FFpel] "Ebsle] 100°CelA of 3
A7F B AERE A AeCR AF pHE 7.02.% A}

H] ek 10g/1 glucose, 3 g/l yeast
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. filter paper (Whatman, No. 2, USAYE o]3}sled Al83}
g}, HaalAel M glucosest MgSO4 7H,0, MnCl,4H,0%
w2 Psted E3RRlGoh 28 LR f% AE5E IF
9 k2 10 %(vv)E SHET

A
R} GUERe] BT carbohydrate analysis column
(Waters, USAYS o]-83}ed HPLC (Waters, USAPIA RI
detector® ZA3Irt. olwf ©]FAkS] Bl 85% aceto-
nitrile® fré 2 m/ming Fhe] MG Al AN
glucose ¥E Glucose Analyzer (YSI, USAYE AHME-s}
of FAERach
A FAF (dry cell weight: DCW)] &AL spectro-
photometer® 660 nmellA FH=E HA3le] FR=e} 7
Z gAY BFFA g3l Ax FAF (gheE
algdet. ola O.D 1.0 -2 TAF 0565 g/l ==t A
Z A 232 wiofd 10miE 045 um®] membrane filter
2 sl 10 mle] EFE 33 AT Fe 60°C,
50 mmHge] #57%7] (DAE SAN Eng. Co., Korea)ll

A Q9T Pl w2 R A2 F 2R,
AMAO| =X Ol KEk

wieFl | mlE 10 mle] centrifugal tubee] 3L 3 ml]
2542 H71e F 4,000 pmol A 1587 B4-Ee] sl
HAAEL 23] AHFskn AFAFI R FEE AAsKAT
&37)e 55°Ce] DMSO 9 2miE 93 55°C°ﬂ*] 55
7+ FrrR 22§ Foll 2 vortexing B3 A
o] 1ml®] 1M phosphate buffer (pH 7.0y
hexane¥ ethyl acetater} €82 BatE] 4o smiE W
of MAr} Bofjzes Z2FTE yortexingdt T 10,000
rprell A 5E7E AR sle] EeEol AlAR LTE

F st

47 hel Lul3L spectrophotometer (Shimadzu
UV-1201, Japan)® 474 nm IPFolA] 45 2 S48l
total carotenoids %22 AASIITE. ool blank: 447}
F3E|R] 9k hexaned} ethyl acetate”} 58k EE 5YI
ZE )2 olgsleirt. 243 FRxE Y Ax dAES
o] &8)led 1% extinction coefficient =2100 (E 1%/1cm
=2100) E5 ol=He] Aol HEAA A= sde13).

wlar,

ml of solvent x A474 % 100
21 x Dry Cell Weight

Total carotenoid (pg/e-DCW) =

Astaxanthin®] %% Nova-Pak CI8 column (Waters.
USAYS o]-&3le] HPLCHA 474mme] UV detector® &7
sole}. ol EA g

Egeled Apgsigiom,

methanol? acetonitrile® 75:25%
o] ZAke] <2 10 ml/min °[%e}
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N-methyl-N-nitro-N-nitrosoguanidine (NTG)E |83t
Wo|FF¢] $%3= NTGZ 0.1 M phosphate buffer (pH
7.0000 03%(wiv)el gE2 AlZsle ALgslget & P
rhodozymas 724173} &<}t wieFsied 2wkl 5mlE
Hit% centrifugal tubes] €3 4,000 rppmel| A 15874 ¥
ARe] sle) BEEFEE 28 AFH3E F 0.1M citrate
buffer (pH 5.0)= 13 AZ3lgc}. «47]e] 0.1 M phos-
phate buffer (pH 7.0 S3A THE 0.3%(w/v) NTGE
A smiE F7)sEaL ZEk wiekrlelA 3083t WelE
ATl & 5%(wiv) sodium thiosulfates #H7|sle] HM-S
FHAAG. HolE fFZ=A7] 88 3|AM5le] 7hrto]
carotenoids A4 A s|Eoe] FIH platedl] Z2F 0.1
mb¥ =gk Sl 587 wieksle] F2 coloniesE ¥l
T2 3t =7 acriflavined o]-4at Wele] =t
TFE 48417k b wioksle] 2 wickel] 5miE Hs
centrifugal tubeel] W3 0.4%(w/v) acriflavine =2 300
wE A7FE 3 24°CY] F 221oA 2d7F wekspEA
ol f=sldvt. wiokdlE s)A3led k| carotenoids Al
A AsEAo]l Z3HE platese] 27t 0.1 my =gsle]
597k wieksl Foll F-> coloniesE WeolHFE Al
UVE o438 #o]lf-== YM dAul=|ol]A 37}k whoket
e AR FMT F 01 mlE F3e] YM plate
of] =gy, 254 nm 3] UV lampE 30 cm 7] el| A
387 UVE EAE Fofl B85 =37 S5k |
£ FAIAIFIS 24°Co| A 5L 7t wiokste] AlA o B
o colonies® Z2|8led A PAo] 957k He|FFE
Aslgict, o] Egde] frEdAelA AlEE Hel
Fe2 AAEE F5t A FEAAAT carotenoids WA HS
Awsle 7} 8k WS Adslsivt

Hjk=e| E[XSt o4

HE A 5 el wigEZS AR 9
ste] madl, A g 599 2 wAART wioke
=7} AlE2] A7 9 carotenoids®] AAdel RFE= AgES
flask wiokS Bdle] AEsITH B whhyde] gk Hg
Aee YM wjR]Z2AoA] 10 g/12] glucosedt 2 F ]
T E W UEFR SR diAsle] wlaslael A4
ogefell WE A YM wiAIZANAM AA<del bacto
peptone H4lel| o8] 712 f7]|ALUNEL 519 TER
742t ZA7¥sle] wlaslget, Bl ek o33k 20 g19]
glucose®} 20 g1e] CSLe| 27 2% wiA]o) zpzhke]
7195 Arlsled AEE STt woke el dgt o<
A 18°ColA] 28°CHA] 2°CTHA LR AES ek
o}, B7)#e] A3 MEEE o|83)e] APS sl
vk & flask wiokE B3fe] AAE wix=A A vk
oA Ao FrFE AAs] flstd WEEEE 300

o

pmeE FAFT EX)ERE 0.5, 1.0, 1.5, 2.0 vvmlE W
a7 M ZAA carotenoids?] AAdwkS- #H Es)e)

Zdx o nE

P HO[me| ffet

Aol o83t okl BYUHEFl P rhodozyma= i
AAbsEe] - S VIR 9l & Al oS
ol P rhodozyma® 20 g/18] glucose’l 5% YM A
WA g o]-83te] AlRbakr)eA] Tzt wioksl Azt Hu
HEFEE 124 ¢/ ]9l Ae] AL 0.32 mg/g DCW
22 carotenoids®] AT 3.95mg/l o] TH(Table 1).
wjebd A A4l astaxanthin®] Alg]H) AR 484
= M EART Aol AAde] 13t FEFFe] el F
a3k} o]% $13l] dxHLeE NTGE o83t o5 7l
goll Az YM HAAA 724]2F Bk wieksl MlEe)
NTGE 3087+ Mgt F o[u] AAH Z}7h] carotenoids
] Aol EgEl AHulR]e] =gsle] wieksld
ok ek 5 Tl I F2 YAE ZE coloniesE 1.0
mMe] B-iononee] FEFE plate?} 0.03 mM2] miconazol
o] =85 plae= e AEE = Qlodct. @3t HeldF
S Ahfoflelr 77t wioksled MEAA= carotenoids
AAERS wiwat Z3E Table 19 Vool gl
A AZAAE AL ztel7t glgient MAe] AL wel
TF5e] oPIET Bt L1~1.49 $psioic). Held g
FolA A3 ASAZ B-iononec] EFTE plateZFE Al
BEl He|dF Bt AZAAA M4e] Aol 7 4
gle] dhgo] Edule]l =2 ¥ wFE Aslgd o
W] PB-ionone=- [-carotene?] analogueZX] PB-carotenc
Zro| astaxanthin AEA A 2] ATAQ) isoprenoid A o))

Zte]3}= phosphomevalonate kinase2} phosphomevalo-

nate decarboxylase ¥ phytoene desaturase®] A Ex
-5 AAlsa 4e ol 2,15]. wElA Helws B2
= o] EAEO] 8] P-carotenesl] £]3}o] feedback regu-
lation® x| ¢4 feedback resistant mutantd-g &
e}, =3t B-ionones TRIE WiR|oA AEFH | 5>
33 carotenoids A HFe] 2=l T carotenoids

Table 1. Cell growth and carotenoids production of wild-type
and mutants induced by NTG

Cell concentration  Carotenoid concentration

Strains
g/l mg/g-DCW mg/l
Wild type 12.4 0.32 3.95
Mutant Mic10 13.4 0.37 4.90
Mutant Mic12 11.6 0.39 4.50
Mutant B2 12.2 0.45 5.49
Mutant B3 12.2 0.39 4.81




FoA T2 4o ek 7FAEle Wb astaxanthin®]
o] Zvlgitle Biv} glvd[14].

Carotenoids hyperproducing mutants opld-5el| 18]35}
o] o] @3 £79) defective mitochondria® 7}l # o}
J2} defective mitochondria®llA] carotenoids 442 &3
3k Ak Feizke] A carotenoids] 4/3& E7HA)
ZIche ¥oe] &jsfed Alegl WelwdH p2o] mitochodrial
mutagen2 2 LA acriflavined AME3l] EdHplE
=8lgvi13]. S AlZ F5EE Z472] carotenoids
A AHA7F TZD platese] EDF}ed 520z wjereh
sk AR oR faNe)l A4e] AAe] Fpgt WHelTF B
2R8%} B2R10E B-ionones| EFE plated A Hdsicth. A'E
3 WlelFF B2R8 ¥ P2RIOT AT 2 4 oPITFE
2019 glucose7t E3HE YM HARAIE o]t ZE:
eF7Iel A 797t kRt A Table 26l WERASIT A
HATAM HolFT BR&S HEAANME oRiTFt
el Booll wlEte] ofzh wiohert Mae] AL opy
B et of 2,00, el p2ETt of 1AW FFsk.
el HolfF 2RSS AlEdted thEe] EdWe]
F 98 ZaFE st

Al e] o] f%E YM plates]] AEsE Hold
5 B2R8E =3}l physical mutagendl UVE A&
Fof] ¢FulE foile A 52Uz ek wieE o
%3783k colonies Fefl M A|AH 2= AHEle] colony’} A
oz T F2 Wl WS-25 AHssiv. st
ol s WS-29F EFF B2RS ¥ oMIFFE 20 ¢4
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Table 2. Cell growth and carotenoids production of wild-type,
mutant B2 and mutants induced by acriflavine

Cell concentration  Carotenoid concentration

Strains
(g mg/gDCW  mg/l
Wild type 10.9 031 3.36
Mutant B2 11.9 0.42 5.00
Mutant B2R8 9.6 0.64 6.14
Mutant B2R10 10.8 0.45 4.88

glucose?} EFH YM fAuiA]ol|A 33 7U7F 24°CE]
ek ekl A baffled flaskZ =)<FgF Z=-E Table 3ol
vielligich A ATl WelFF WS-22] MEAQGL 3
Ust 79 WA 22 obTFSl EHE B2RSO) W]}
of yioreont A4e] AL 7 wickiAl opf Tt B
5 B2RS] wlBled Zhzh oF 4.1wetk 2.0007F F7kE 1.26
mg/g-DCW °lgiet. wheb #HEF o2 WoldF WS-2F
S Wol B AUsileh AL Mol FFE WS
carotenoids A3 # s Sl 3 WA& &3] #13)
oF Zzke] At EY TARA) Zle] vkt A
3} 2-methylimidazol, 4(5)-methylimidazol, B-iononecl]
3+ AL Jehigoh aleld o]l dF WS-2& phospho-
mevalonate kinase, phosphomevalonate decarboxylase, phy-
toene desaturase®] A = FA]e] B—caroteneq] 2]8}«]
feedback regulationg WHA] 9= feedback resistant mutant
o Eul olu]g} cytochrome p-4502] 7)%e] <=8 ¥
T 22 2 5 UuTH2,15].

SN

Table 3. Cell growth and carotenoids production of wild-type, mutant f2R8 and mutant WS-2

3 days culture

7 days culture

Strains
Cell conc. (g/) Carotenoid conc. (mg/g-DCW) Cell cone. (g/1) Carotenoid conc. (mg/g-DCW)
Wild-lype 8.50 0.27 7.76 0.31
Mutant f2R8 8.06 0.45 7.15 0.61
Mutant W3-2 7.45 1.02 7.05 1.26

Table 4. Effect of carbon sources on the cell growth and carotenoids production of mutant WS-2 after 5 days culture

Cell concentration

Carotenoids concentration

Sugar consummed

Carbon sources

e/l mg/g-DCW mg/] (g
Glucose 3.75 2.12 7.95 9.22
Fructose 3.26 2.25 7.34 9.15
Xylose 3.03 2.31 7.00 9.20
Cellobiose 3.77 1.71 6.45 3.84
Sucrose 3.60 1.74 6.26 9.65
Maltose 3.97 1.72 6.83 9.46
Lactose 1.30 1.33 1.73 0.60
Raffinose 2.10 1.56 3.28 0.21
Manitol 3.72 2.24 8.33 9.81

Sorbitol 3.95

2.38

9.40

9.82
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BiXIZ=ade| ===t

wjz|2Al ] HA B gt Al shide] AR
YM iAo 2] 71A] B 2 @ dEFS A 0gE
Wi 57 wijokst $-fl #F ME F carotenoids?] F=E
W] 23}ivk(Table 4). ARZAANM HoldF WS-2+= lactose
¢} raffinose® 72| o]&slA] Eslgrr, AEAA A=
maltose2} sorbitole] -53ioiet. AAo] ABAL- xylosed)
sorbitolo] $-3}5d 2 carotenoids®] AT sorbitols]]
A 933 mg/IE 71 9-5=313it}. ¥kl Johnson 5-[10]2}
Vazquez 5-[221- P rhodozymaZ} ksl @& o|8g 5
glom, 2 FAM cellobioseZt P rhodozyma?) A4
£ st M A ExpEelia St vbHel
glucoser= A ZAA| glofA] Ep o] 2] ql A Aol A=
Fr3fA] ESIAT 819100, sucroser MEAA A A4
AR vl B feeslelal sidv). et RS
s W) sorbitole glucose®] 7FAT; wliTSle] oF 3u)
o] o2 wom, glucosed| AT M EAIAL carotenoids®]
AAde] Fmalr] wFol shAe R glucoseE AR BT

P rhodozymaZ ©]-83t carotenoids®] AL A4
FaFe Weol WEriy HuE9)rd6]. W= carolenoids
Al At 7)Ao dekS Yopdr] #3e] 10 g/l
2] glucose7} EE YM wiA|ol|lA 5 g/19] peptone THAI
off Zhzke] fr|AAYe] 5ol EFT WA E o] &dle] A
3 Z2F Table 5ol “lepiie). AR@H e HEdA;
-2 yeast extract?} CSLel|lA] S=5lich, vimel] AH42] 4]
412 soy-bean meale] 2.02 mg/g-DCWE 7} SshH o
W, I 222 (CSLo] 1.66 mg/g-DCWEE -$5leiv}.
o]2)3t A= peptonee] M4 WA 1A S5, 1
2)of| beef extract 2! casein hydrolysate7} =3}k B4
gl Fang &[6]2] Aol vh2A vlepgel wei AEss
g o] Aol B 9313, carotonoids®] AYAtEFe]
6.82 mg/lEA] 71 B CSLE f7|AAdes AAsIc)

P rhodozymaD ©)438} astaxanthin®] A4S 2|3 3}5)7]
Asre st 2Aele] "y} ulge] oif F834)
wheba] wichiA| 2 gkl glucose FEZ 10 glE A

A f7)dAY o R A CSL Bk o7 JA] BEE
H715led C/N ratiort M EAAA 2 carotenoidse] A§Adell
vXe of3RE ZES] $sted znhokr]eA 5U7E )
oFslaet. AP AT (Table 6)M CSLY =7} F71E o=
% HEges= Zvlsid 50g19] CSLelA Hd 533 gl
olgiv}. o]i= Al CSLe F=r) Skl uet M
Aafell Fiat ofo] Aol FgEHI] wWaeldh ®kd
CSLe] F&=7F 71 757 i A 7hidlel=d],
ol Aol FEI A9 AN Hrp= Az AR
of ghiflo] v o] o 8E7] fjFeR AlmHc) TEhvt
carotenoids®] AlAd=FE 20 g19] CSLelM 545 mgl= 7}
7 st} vbme] CSLe] el #A|gle] £ carote-
noids & aslaxanthin®] AR B]E-2 oF 95% o=
A= Sk et mix]EZAdA A YM YA R =) s}

Table 5. Effect of nitrogen sources on the cell growth and caro-
tenoids production of mutant WS-2 after 8 days culture

Cell concentration Carotenoids concentration

Nitrogen sources

(g/) mg/g-DCW  mg/l
Yeast extract 442 1.06 4.69
Peptone 2.12 1.56 3.31
Beef extract 3.03 1.30 3.94
Soy bean meal 3.04 2.02 6.14
Com steep liquor 4.11 1.66 6.82
Casein hydrolyzate 3.94 1.59 6.26

Table 7. Effect of glucose concentration on the cell growth and
carotenoids production of mutant WS-2 after 5 days culture

Glucose Cell Carotenoids conceniration
concentration  concentration
10 3.59 1.35 4.85
15 4.74 1.41 6.68
20 5.64 1.44 8.12
25 6.45 1.16 7.48
30 7.36 0.97 7.14

Table 6. Effect of corn steep liquor concentration on the cell growth, carotenoids and astaxanthin production of mutant WS-2 after 5

days culture

CSL concentration Cell concentration Carotenoids concentration Astaxanthin

(g &/ mg/z-DCW mg/l (mg/)

5 2.04 1.46 2.98 2.83

10 2.80 1.40 3.92 3.75

15 3.28 1.38 4.53 4.34

20 3.98 1.37 5.45 5.23

25 432 1.26 5.44 5.26

30 4.74 1.13 5.36 5.15

40 493 1.00 4.93 4.68

50 5.33 0.93 4.93 4.73




w yeast extract?} malt extract?] A7} glo] 7)Ao
2 20¢/1°] CSL 9He AVl =2 AR sl

ek A2 f7)244e CSLE 20 gl& sk glucose
£ ofe] 7B =R 8] glucose FEIF A EAA 9
carotenoids AJ/del m|X)= JFS HESP| 93 A¥S
bR\ 597 whopstol Speisiek. AR Table
Tl glucose?] TE7} F7lgte] wie} AlZ2FEE 79
vl#dled Soksledot, AAe] AJAF-2 20 g/19] glucose %
=R BTtz 2 o] FRealE Al RS
Bao), o33t A= P rhdozyma’} 5=2] glucosed]]
AP carotenoids®] AAJe] Helzalvl= ¥ 11019} W)k
2w, An 5212 o|=g oFdel s e glucose}
carotene oxypenation= #]3]%}™, carotenoids AB&Alel &
TE¥E cytochrome P-450s% A|gksl7] wl-f-olzkal A% s}
et oleldt AHAE Er= sle] AEHEI} 5.64 ¢/ 03,
A Ae] Aol 144mg/g—DCW§. 71§31 | carotenoids
o] PAEF 812 mglE 7FE =2 2019 glucose BE=E
FAZzAem AHAAslEH.

d¥e] Fr|dgo] Ff(algae)?} P rhodozymaol|A carote-
noids AAE ZrHA71elE B} 9o 18], whebA glucose
2} CSLe] 22} 20 g} 718 wix)e] B mg) Sa)S B
Ble] Mn'?, Mg? ¥ Ca™ H7lol wid 9% AR
st AH AN Table 8)olA  carotencids®] A el
MnClL4H:08F MgSO, TH,0% 71t 73-5<ll A7pskA] o
= 745l wldle] 718l o|® MnCly 4H,08- H718
A= AT FTlolA T oI, MgS0, TH,0=
Ao ARAA EFA\AT BT ALEE o
carotenoids®] A& ZE7}e Al MnCl-4H,02F MgSO,
TH0Z 7 A7Ist A5l AEexr 640¢g1 o], 4
A2 AAde] 1.35 mg/g-DCWE carotenoids?] AA]eke-
8.64 mg/1E 714 $<r3loiv}. WebA] astaxanthin®] A4S
$13t wlcka Rl 0.16 g19] MnCl-4H,08F 0.5 g/1¢]
MgS0, TH,0F A7}sl7| 2 AA s},

Ar S

Hielz=74e] 21X 5t
e "1]i“4’°] 2ol ZAWE D A LAA | o
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Table 9. Effect of culture temperature on the cell growth and
carotenoids production of mutant WS-2 after 5 days culture

Culture Cell Carotenoids concentration
temperature  concentration
©C) (/1) mg/g-DCW mg/l
18 4.19 2.16 9.05
20 549 1.82 9.99
22 6.49 1.72 11.16
24 6.77 1.65 11.17
26 3.83 1.50 5.75
28 0.30 0.05 0.02

w|2eH20]. B3] P rhodozyma’= 0°CellA 27°C H912]
WmE @ 2EFZM ghe] Afe] Fedlet mjekA
woke Tl whE H]E/‘“‘ 2 carotenoids /ol mFE=
°gFE flask W°FE F3k] A=slgeh. AEZ 3 (Table 9)
A AHEEEE \_E~c.—7]-0ﬂ ae} 24°C7IRE FlElel
W, 28°Coll M= AlZAAe] AL glsiet. vbe] o] A
A2 wofeErl e % 7181921, carotenoids®] AJ
"&Ea}:fi 24°Cel A 7FAF =sket, webA carotenoids®] &4
= W2 oM v el ARE, Al XA o] vfr] Wit
°ﬂ carotenotdsP—J AL Teisled &AL wioke =2 24
CE ZAAslgic). o235t A= Johnson S10Je] P rhodo-
”yma"ﬂ/‘i AxEAAR o AaQ4S A8t HHL=71 20
°C~22°Ce|™, MEAIAYe] 7FEdt FHI %= 27.5°C o]}
¥ 23 FAReh W] Fang 5(6)02 15°CelA]
20°C We]e] 2xoa] AFEAA ] AR A=, 15°C
oslit 20°C o] Aol M MEAA ] #AFA s
astaxanthin®] AAMIA12] FAewi= 15°C2 ¥ arslge}
B 270 HAEE H8led 2.5 liter HEFC 1.0 liter
A S W AP FEEiglem, o|ue] wix|lEAd-2 T
ez A% astaxanthin YARS 15 iR o gstEH
= BE7)uko]| carotenoids AAle] vlR|= oJ3L 7 X3V
#eted 24°ColA 300 rpme] WHbEE e} 7pZke] B7)E7]
2= 12047 wiekal AEZESE Table 10 vhehsict.
ME 27] RAE (e BY18e] Svll whe) F718}
ot #ue HEET= 1.5 vwmellA 7.62 ghg At
‘ﬂra]"‘ﬂ Ak} M EAF ] D aSIR|RE, ko] AbiEg

Table 8. Effect of minerals addition on the cell growth and carotenoids production of mutant WS-2 after 5 days culture

. Minerals conc. Cell conc. Carotenoids conc.
Minerals

(g (g/) mg/g-DCW mg/l
Control 0 6.04 1.26 7.61
MgS04-TH20 0.5 6.23 1.29 8.04
MnCls-4H.0 0.16 6.62 1.23 8.14
CaCly-2H,0O 0.1 6.33 1.23 7.89
Mg80,4-TH,0 + MnCl;-4H,0 05+0.16 6.40 1.35 8.64
MgS804-7H,0 + MnCl,-4H,0 + CaCly-2H,0 0.5+0.16+0.1 6.27 1.27 7.96
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Table 10. Effect of aeration rate on cell growth and carotenoids production of mutant WS-2 in batch culture for 120 hours at 300

rpm agitation

Aeration rate Specific growth rate

Cell concentration Carotenoids concentration

(vvm) (hr') (&) mg/g-DCW mg/l

0.5 0.006 5.05 2.28 11.5

1.0 0.011 5.40 2.37 12.8

1.5 0.035 7.65 1.96 15.0

2.0 0.036 7.46 1.78 13.3
2 03] MEAA A aqlom ALalHet. Mie] Al £ Hel ¥l carotenoids®] B 24 vvm o|ske] =
A U1 STl wet o s, ol B oM 2AE B 1 ol Ao odFke A Wi
7152l F7lel oldled AEAFe] o fEjsled MEAA ] vl A 1~— 4=7P oh2A weytet. ¥bHel] Yamane
o B glucose”} o-4F7] WEOE AlEEG. Teht (2312 AkbFgepe] Svleel uet AlzeE o A2
caro-tenoids®] AAFERE AEAIA ] 71 gk 1.5vwmel]  AdEke] FoleiEE 231]-— Rustoled, ol AbygEe
A FHh 149 mghs 9L 5 ‘311‘3:14 ‘ﬂﬂﬂ A= Johnson 2] 1ol wle} M Zje] NADH balance® F3le] A3}

S710] 30 mmol-Oy/l-h o]3}9] whe. f@Aliepe] 27
A A E2E 9 agtaxanthin o] FAE) AT, 1
o]/ o] ZAME ZA 38FS vIX|R] v Z9e) Fang
15101 3.6 vwm?] B7|ZANA FH1e] FAF 6.66 g/l

16
5121
k=
g
8
6 —— Carotenoids (mg/l)
4 —B— Carotenoids (mg/g-DCW)
3|
or:
8 30 _
-7 L a
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e 6| g
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Fig. 1. Profiles of cell growth, dissolved oxygen, pH and caro-
tenoids production during the batch culture of mutant WS-2
under 1.5 vvin and 300 rpm at 24°C,

Aok F, ATl AR Z2eME NADH £
o] astaxanthin®] Al&Hde] A==z, F8G ALE T2
sledEF 024 NADHE NAD'Z. AHEHAAHA] NADHE A
F E3L g = )0 astaxanthin®] AL 3
& 5 gl7] djFelzlal ArElsdeh

E}“—‘-"]‘)“ & F7igel 1.5 vwmellA WHel#F WS-2¢]
B4 uljokEgle]] wiekAZle| Wl £ ‘_Ag,h,} pHe]
=, glucosei’—] A% MFEE=E 1 carotenoids®] AlAdel
g A¥=l )%-5—4@ = Fig. 1ol YERgIE). Glucose:s
T2 Z A A AL AREHG O, alucose?] A£%9F €7 pH
o} SEAANHT Wik 484131R] sl L o] Felle
F7131T old pHe] ZEA= glucose®] WlAlEA oA o
5] FrlAbEe| vlEe® AAE7] ditelw, wieF 484)7)
o] ZHE|= pHrt AldHoR Zylsleind, ol AAE &
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28loF o] o83l e E AlREY). AEe] vEe
glucose”} BF AR wiek 728214 F43] S
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