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Specific carotenoids and astaxanthin biosynthesis power of Phaffia rhodozyma mutant B76, which was obtained after NTG
and UV treatments, was higher than those of the wild type by 40% and 50%, respectively. The mutant strain did not show
the catabolite repression even at 22%(w/v) glucose concentration. The optimum C/N ratic was 2.0, and the optimum
temperature and initial pH were 227 and 6.0, respectively. Both cell growth and astaxanthin formation decreased drastically
as the fermentation temperature was increased over 22°C, whereas they were comparable in the pH range between 5.0 and
7.0. Inoculum size did not affect the final cell density nor the carotenoids biosynthesis, and 3%(v/v) was selected as optimal.
Higher dissolved oxygen concentration facilitated astaxanthin biosynthesis, and aeration rate of 1.0 v/v/m and agitation speed
of 400 rpm were selected as optimum. The final cell density of 43.3 g/L and the volumetric astaxanthin and carotenoids
concentrations of 110.6 mg/L and 149.4 mg/L, respectively, were obtained. The specific carotenoids concentration was 3.45
mg/g-yeast(dry). Yx/s and Yp/s values of 0.37 and 1.08 were obtained. The result of this study will provide basic information
useful for mass production of astaxanthin from P. rhodozyma fermentation.
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Figure 1. Molecular structure of astaxanthin.
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Table 1. Composition of basic medium used in 5 L jar fermentor

Compounds Composition (g/L)
Glucose 180
Com steep liquor (CSL) 60
(NH4)2804 20
Yeast extract 1
KH;PO4 10
MgS0, - TH0 9
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Table 2. Survival rate and color of colonies of wild type Phaffia rh-
odozyma B30 on YM agar media including B-ionone

Cong. of B-ionone (mM) Survival rate (%) Color of colonies

0.1 100 orange
0.3 41 orange, white
0.5 4 white

0.7 1 white

1.0 0

Table 3. Comparison of cell concentration and carotenoids biosynthesis
between wild type and mutants induced by UV and NTG

Strain Cell conc. | Carotenoids content | Astaxanthin content
No. ®L) | mggDCW | mgL |mg/e-DCW | mg/L
wild type 4.15 1.84 7.58 132 5.48
A48 4.44 221 9.79 1.39 6.17
A53 4.37 232 10.15 1.28 5.59
B76 4.06 272 11.03 2.04 8.28
Bl11 3.51 2.68 9.39 1.53 5.37
BI112 3383 2.58 9.89 1.99 7.62
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Figure 2. Effects of carbon sources on the cell concentration and
carotenoids biosynthesis of mutant B76 after 4 days. Glu(glucose),
Suc(sucrose), Cel(cellobiose), Mal(maltose), Ara(arabinose), Xyl(xylose),
Mad(maltodextrin), Mol(molasses), Sta(starch). |l Cell concentration
(g/L), B: concentration of total carotenoids (mg/g-DCW) [} Concen-
tration of total carotenoids (mg/L).
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Table 4. Effect of trace elements on the cell concentration and car-
otenoids biosynthesis of mutant B76 after 4 days

Concentration | Cell conc. Carotenoids content
Trace elements
(mM) (g (mgfg-DCW) | (mg/L)
basal medium (control) 5.23 2.67 13.96
1.0 2.75 - -
CUSO4 . SHzo
0.05 314 - -
1.0 4.67 238 11.11
FeSO, - 7TH,0
0.05 4.86 2.75 13.37
1.0 461 2.25 10.37
Ml’lClz . 2H30
0.05 5.19 2.53 13.13
1.0 2.57 2.51 6.45
ZHSO4 . 7H20
0.05 397 2.46 9.77
1.0 376 2.53 9.51
CaCl, - 2H,0
0.05 4.15 241 10.00
1.0 2.24 1.51 3.38
CoCl, - 6H:0
0.05 392 2.14 8.39
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Figure 3. Effects of nitrogen source on the cell concentration and
carotenoids biosynthesis of mutant B76 after 4 days. 1: (NH4)2S0s. 2:
NH H>PO,, 3: NH4NO;, 4: yeast extract S: bacto peptone, 6: CSL, 7:
beef extract, 8: malt extract, 9: tryptone, 10: mixed nitrogenm' *1)
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Figure 4. Effects of C/N ratio on the cell concentration and caroten-
oids biosynthesis of mutant B76 after 4 days.
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enoids biosynthesis of mutant B76 after 4 days.
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carotenoids biosynthesis of mutant B76.
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Table 5. Effect of aeration rate on the cell concentration and carote-
noids biosynthesis of mutant B76 during batch fermentation

Aeration rate (v/vim)
Parameters
0.5 1.0 1.5 20
Cell growth
Final cell density (g/L) 355 422 43.1 423
Yield (g/g-glucose) 1.97 2.34 2.39 2.35
Carotenoids formation
Cellular (mg/g-DCW) 2.65 348 3.46 3.46
Volumetric (mg/L) 94.1 146.4 148.7 1459
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Figure 9. Influence of aeration rate on the cell concentration and ca-
rotenoids biosynthesis of mutant B76 during batch fermentation.

F2 ARkEE 2 wls) FAHFS oF 25%, 2HRIT
carotenoids $HgE oF 40% obzl ARE Vel t(Fgure 10).
E-3] carotenoids §o] o}A Y e 7L astaxanthin A A
7d2% dehydrogenation®|= #HgoA §EIAT HYPH
Hg0) AILE ASE A2HT. ¥ 400 pm ol 4HolA
o] FAEEEE lag phase7} FolA 49 333 stationary
phaseo] =513, 1 Foe FAEEE 4AF A
22} tARHESQD Ak AFAe] B o)k 53] 400
pm °]448] WRRANAME FAAAR MAiFEd 2 z}o)
7} gisler ol ®o|F BI6o] I FEY FEUNLFE
o ddllMe FEE BX LS ¢ F U wekd Ho
A %1} carotenoids 382 UENY 400 rmpme HAe] muk
&5 2 AR o)7L Johnson} Lewis(12)9] A A3}

140 +

120 A

100 A

80

60

40 4

Conc. of carotenoids (mg/L)

20 4

—e— 200 rpm

Conc. of carotenoids (mg/g-DCW)

14 -0 300 rpm
—v- 400 rpm
—— 500 rpm
0 . T
1 2 3 4 5 6 7

50

40 -|

30

20

Cell concentration (g/L)

Culture time (day)

Figure 10. Influence of agitation rate on the cell concentration and
carotenoids biosynthesis of mutant B76 during batch fermentation.
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Figure 11. Profiles of fermentation of mutant B76 under 1 v/v/m,

400 rpm in 5 L jar fermentor.
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Figure 12. HPLC analysis of astaxanthin during batch fermentation.
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Table 6. Time-course profile of carotenoids and astaxanthin concentr-
ations during batch fermentation by mutant B76 *

Cultu(r;) time Caroteno(ll;l? (mg/L) Astaxant(‘h:r)l (mg/L) (A/BX 100)%
72 68.9 283 4]
96 126.0 65.5 52
120 149.5 110.6 74

[e] (o]
O =

Astaxanthin®] A AP Hdte] wild typeQ) P.
rhodozyma B30 ERE UV, NIG £o8 EddHo| x2)dlq
0.5 mM p-iononec] ZFE AMHu) R A carotenoids TAd%
go] L8 HolF B76S E2lsrh wolF B76S wild
typeZ}t HIWA] #AH AAATEHLS 2 o7l o} carot-
enoids 9% 2L 40% o4}, astaxanthin A5 L 50% o]
4 FAEAT AEE HolFE B162l H3 dau)x] 9 wjok
27 43& 9% Seiaa wddd da H3 gagdom
glucose7}, #& AAYLE CSL : (NH.),SO, : yeast extract =
6:2:010 EFgH ujx7} AAHYTE N ratios= 1.7~
2.0 Ho)A FAS BFAFTS HYOoHREAQ WAALL
st 208 HHOE AA), MideEE 22T HHol
B 27 pHE 71 B A¥EEE U 602 Ao
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Foken Al Adde

b Ao 2 AMEEAT o9} 2
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onential phase 59F FH3 waAlAdgos REALI} BRI
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3t GAZE AE7] WiEoz ARG AE AXsEe
433 g/L, ©AEFY AT carotenoids L 3.45 mg/g-
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