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Various [-ionone resistant mutants were isolated from the wild-type red yeast Xanthophyllomyces dendrorhous KCTC 7704.
Although the growth of X. dendrorhous KCTC 7704 was strongly inhibited at 0.025 mM B-ionone, one of the p-ionone
resistant mutants isolated at 0.1 mM f-ionone by NTG mutagenesis showed rather 70% of relative survival at 0.15 mM B
-ionone.  Fermentation kinetics study with the mutant was carried out at 20°C for 4 days in 300-mL baffled flasks. The
mutant yielded up to 2.3-fold higher carotenoids content (viz. 1.2 pg of total carotenoids per mg of dry cells) compared with
the wild-type strain. The production of metabolites such as organic acids could be neglected. Studies on the kinetics with
various carbon substrates revealed both an increase in final dry cell mass and a higher total carotenoids content in cell
mass with glucose when compared to fructose or sucrose. As a further part of study, the effect of pH on the fermentation
kinetics was investigated in glucose-limited chemostat at a dilution rate of 0.04 h™. When compared to steady-state kinetic
parameters obtained at pH 4.0, a significant reduction in cell concentration at pH 3.0 and a lower carotenoids content at pH
5.2 were evident.

Key Words : Astaxanthin, chemostat, fermentation kinetics, B-ionone, total carotenoids

M B A= Aoz LA JTHE, 5. 53] FHAE0) o
ARE Az QI dAY AFLe FHA| g "Qi 15]
Astaxanthin  (3,3’-dihydroxy-B,B-carotene4,4°-dione):=  carotenoid 2t FufE Ao 2 RBQIth Astaxanthin® M AT A HBul o}

A M2 @0, ol A% 5o EAsedl g A U U g Sg0) Gs e AeAe an
& W AL Ul astaxanthin W)F-o]tl(1-3). VA astaxanthin Astaxanthin®- 1) W] E}YIES] 100w}, B-carotened] IOHH AL
2 FE ASHVAR AMEE A Qe astaxanthing] 7} § FitslAl oM, 2) FLAZA L) EAo] 9w, 3) WA
2 AR dAd Bopolt). My BEdd dgw & E4FH, 4 w3 507 #d 2 (Alzheimer’s
astaxanthing T3t 7}2Fd doX $A Lo T disease, Parkinson’s disease)ol] &% Bwl ofg},

HAbgo] Hr)Hog 7Aasty, AdA ) oA BlEFQ Helicobacter 7+ 5¢] g% 7HsAdo] &8 A qdtd
e A B ol AT =229 Ao B} R (4-8). w}A] astaxanthin& 4] 9] ¢F3E (nutraceuticals). 0. 2 4] 9
AEE E%7F FA g AL ATE, 6).
Aastaxanthin®  3}8} FZZO0= 37}%] enantiomers
t Corresponding Author : Institute of Life Science and (35-3’S, 3R-3'R, 3R-3'S)7} EAleted] Az xtolo] u}
Technology, Sungkyunkwan University, Suwon 440-746, Korea 2 727t AHAHO). AAA NN AL astaxanthin®]

Tel : +82-31-290-7893, Fax : +82-31-290-7884 He)E 35-3°So)n] 24 (tssue)o] WA T EAFE= )
E-mail : jacheung@skku.ac.kr

286



Park, K. M., Production of Carotenoids by X. dendrorhous

BB Aoz 9HAT Yok % AN, TEA ol
esterified astaxanthino] th¥-%91 WA serumo]i} $1oje] )
¥ 27 SolME free astaxantin® @ ZEA 3t} AT
ALRE M4 A7 F2 3 Yo s Ax" ZAt
9] canthaxanthin (4Z% CAROPHYLL® Red)9} astaxanthin
(%% CAROPHYLL® Pinkjo] A itk et oban
BHANA AFAe FAHA FAF HAY astaxanthin 2
o2 W1 Qe FAolth oAb 1990WRE A
S & astaxanthin® A1 gleEd shEHe] w9 1ot
(USD 2,500/kg)e)th(4, 10). ¥ A astaxanthin®] A|FAFr=
981 @A USD 1759 = (do] 2 $0) 2 Alg)dly)
e wEA AF=Ea th10). 38 HHFF astaxanthind
FE ZFFY U Haematococcus pluvialisE  ©)8-5}]
ANET glon o] 2FHE ARETI v =gn A

AbdE] BE2oz Ale) Ay n e Aoz e
Aot wEbA vl wieko] foldtm 9, ¥k FAA
e TUHYEY AlMgol 753 &R Xanthophyllomyces

dendrorhous (A o= Phaffia rhodozymai EH2)E o]83
gaRleRe] Aol BAG, 11, 1293 Ed, 53 X

dendrorhous A 3.o}} Z’“Q“ total carotenoid o A]
astaxanthin®] H]&o] 80-90%% mj-$ & Aoz LA 9
TH13-15, 25).

2 AT EHE A% X dendrorhous2HE A3
astaxanthing A28 4 Y= METAHS Awsly) st
24 carotenoids A4 AsiAZ G P-ionone WAH
ol F(16-18)8 ~=zE|ddta 1 EANS
4 A48T Ao HEN 9 Q4 BE sres

A7E w959

dm ol ©
-

ox OH

Nz 2 uhy

= F
2 Ago] A8E wild-type T
71042 X, F=AHFEATY vdx}%ﬁggifﬁﬂ T Y8t
o AEE9Th o] FFEE YM (yeast extract 0.3%, malt
extract 0.3%, peptone 0.5%, glucose 1%) wj A1) wjok &g

o) 5 ool i 80% (vv) glycerol £4S ol &
B F 20°CoA) BB AR,

— X. dendrorhous KCTC

Ho[FFo MH

YMu| X ol A 4-5U7) w) k3t X. dendrorhous KCTC 7704
A 223t 50mM citrate buffer (pH 5.5)2 23] A&
%, g8 5% p-ionone (Sigma)3H YM Hj Ao w=ut
A ASASE ZAFAG. £33 o] AxFgRS
o 4] NTG (N-methyl-N’-nitro-N-nitrosoguanidine) 2 305
‘%El (5‘4%%5 0.6 mg/mL)3 ¥ 23] A3}, 005
59 P-ionone $Hf YM Hl A o] SEiale] o)

ol rol

ro rkoﬁ

1

& oft >
¥ S

it

o Z

o o
"

)
a
e
B
2>
toF
S lo
=
_°.
B
e

& A

287

(2.5% glucose, 0.1% yeast extract, 0.5% (NH4):SO4, 0.1%
KH,PO4, 0.05% MgSO,4 - TH,O, 0.001% CaCl, - 2H,0)E 50
mLA¥ o] A (pH 5.0 Z&A)3 & X. dendrorhous KCTC
7704 2 p-ionone WA Wo|dFE AFEle] 20T A 49
Zr g ek (100 tpm)A] e

A2:8lF (continuous culture) AF-& 2.5 L (working volume
08 L) A% 2a*% (Kobiotech, Korea)S Al8-3te] 20°Cel|A]
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Table 1. The effect of NTG mutagenesis on the colour of colonies, size of colonies, and number of colonies on YM plate with or without

0.025 mM [-ionone

™M YM + 0.025 mM [3-ionone
Strain Colour of colonies Colony size (mm) Number of colonies Colony size (mm) Number of colonies
(cells/mL) (cells/mL)
g‘:ﬁm NTG treatment) Red-pink 2.0 5x107 1.5-2.0 3x10°
Mutants Red-pink 0.5-1.0 6x10° 0.5-1.0 5x10°
(After NTG treatment) Yellow-white 10-15 10x10° 1.0-15 4x10°

Table 2. Batch Fermentation kinetic data with various mutant strains derived from wild-type strain of X. dendrorhous KCTC 7704

L Strain
Kinet t

ietic parameter KCTC 7704 SKKU 00501 SKKU 00502 SKKU 00503 SKKU 0107
Dry cell weight (mg/mL) 424 424 3.89 424 3.08
Cell yield (mg/mg glucose) 0.17 0.17 0.16 0.17 0.12
Carotenoids content

(ug/mg dry cell weight) 0.5 0.8 0.81 0.7 12
Total carotenoids (j1g/mL) 2.1 34 32 3.0 3.7

analog2 4 YWt o g 1 H7} X dendrorhous Ao 2o
AMEE oA $tt). Fig. 12 wild-type strain X. dendrorhous
KCTC 77049] B-ionone F=o] @& Aiad ASAHNIET
£ el Y. #F KCTC 7704 A -8-2 B-iononed] *x
T7F 0025 mM ZAqAM HAF Asfuretoen], 0.05 mM
M= &d3] A (10088 & & AU #F KCTC
77045 YM 1A wiA]o] =23l 5Y7F 20°CH A w3
£ W 2% redpink colony’} &L colony sizer F
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Figare 1. The effect of B-ionone concentration on the growth of X.
dendrorhous KCTC 7704 (@) and X. dendrorhous SKKU 0107 (O).

S Table 19142} 7o) wildtype straing NTGZ ¢
3 & AFsA o]E THA] YM agar plated] sl 59
r YE o) red-pink colony®l yellow-white colony
(albino strain)7} FAl ZHEH A=, NTGHF Fof ye}
W colony?] &7& NTG # 2] A wild-type strain®] 7%
R g gro Zgth ol NIG A ¥ Jehyg wo
TFEY 42457} wildtype strainBt} Aulz oz g
7] &R Aoz Az HT A yellow-white colonyS 9]

Z1 AL 1-1.5 mmEAX] red-pink colony (0.5-1.0 mm)&.c} &
A Zow, 0.025 mM B-ionone F-H YM agar plateci| A =
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& W= YM agar platecl| 4 ¢] -9 ®l2d A3t et
3t} ole]st AFE carotenoids AE5S JHAE Ho|AF
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Table 3. Batch fermentation kinetic data for growth of X
dendrorhous SKKU 0107 on 25 g/L various carbon sources at 20T

L. Carbon source

Kinetic patameter
Glucose Fructose Sucrose
Dry cell weight (mg/mL) 3.1 2.8 3.0
Cell yield (ng/mg carbon source) 0.12 0.11 0.12
Carotenoids content
2 1. X

(ug/mg dry cell mass) ! ! 10

Total carotenoids (pg/mL) 37 31 3.0

Figure 2. Photographs of two fermentation broth samples obtained
with X. dendrorhous KCTC 7704 (A) and X dendrorhous SKKU
0107 (B).
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W peak 29} peak 32] retention timeS 77} 241 min¥}
271 min® 2 B HE o5 B tjg 7R AAHR
Ae ZARoZ g F7AF EEFFE = oxalic, tartaric,
formic, lactic, acetic, citric, succinic, propionice] T3+
retention timeS FA}S|E A3} Fig 40X} Zo] =AY =
1.97 min, 2.32 min, 2.57 min, 3.50 min, 4.0 min, 4.63 min,
54 min, 9.37 mino]$ltk. WebA peak 17} peak 2% 9] 871
ETLEFEHE retention timeo] YX A &ghrl dH o]
aZnEIHAE AMEEY 2E gade fI1 B RE
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Figure 3. Comparison of HPLC chromatograms obtained with 25 g/L
glucose fermentation medium (A) and its final fermentation broth (B).
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0.04 h' 2A3N A X. dendrorhous SKKU 01078 1 Z:u] o}
& W LojRl e pHY ol B ZFpelrt X.
dendrorhous SKKU 01078 WHo|fdF2 A vAAET 7yl o
¢ Aa, EmE HAw A 28] "ol pH ZAd
Me TS o] el Folxy] wEel 18 ZAgAME
29 washoure] dofiisl A4 WS pH GeleN
Aol 7153tA g} Table 494 & 4 91=0] pH 4.0
Axe] HEANE 7|Fog vws] & o, pH 3.0 =
dAEE 2 dAFEd A 18la pH 5204 E
carotenoids content®] #7} doldS o 4= ). uwidd
A ArAXe wg HA pHE 4002 AR HE, of
die % FHA pH} 5.0~600F R sl £33, 2005
3 vl B w Rz AoldiA|gt ol FF EAo] AR
o271 &2 Aoz AzEd. FH Table 1] Ve
&4 wioke Axtel MuPL u ALujore] A A
A0 2 carotenoids content7} AL AL wrg HFA A
°] 25 h (FAE 004 hHE Yo} FAYAN 28
carotenoids ] A -go] o] Fo) x| ¢kskr] wFo|c}.

Table 4. Effect of pH on steady-state data of continuous culture with
X. dendrorhous SKKU 0107 using 5 g/L glucose medium at 20°C

Kinetic parameter pH
3.0 4.0 52
Dry cell weight (mg/mL) 0.42 1.0 0.98
Cell yield (mg/mg glucose) 0.11 0.20 0.20
Carotenoids content 05 0.49 0.28
(Lg/mg dry cell mass) ’ ' ’
Total carotenoids (ug/mL) 021 0.49 0.27
s2m00 .
_ 1
i s
18.000] il 3
0o |
120001 !\l i {i\
8,000 it e
i

Figure 4. HPLC chromatogram of various organic acids (1. oxalic
(197 min), 2. tartaric (2.32 min), 3. formic (2.57 min), 4. lactic
(3.50 min), 5. acetic (4.0 min), 6. citric (4.63 min), 7. succinic (5.4
min) and 8. propionic (9.37 min)).
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