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ABSTRACT A yeast strain YS-185 isolated from the ocean can produce astaxanthin. 26S rD-
NA sequence analysis showed that the strain belongs to Rhodotorula glutinis. The effects of
culture medium components and fermentation conditions on the marine yeast growth and pig-
ment yield were investigated in shake flasks. The results showed that the optimum culture me-
dium for the bacteria growth consisted of glucose (8g/L.), peptone (8g/L.), and the optimum

fermentation conditions were initial pH 5. 5, shaking speed 200r/min, inoculum level 8 % (v/v) ,
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and temperature 20°C. The optimum culture medium for astaxanthin production consisted of
glucose (8g/L.), peptone (8g/L), and the optimum fermentation conditions were initial pH
5.5, shaking speed 220 r/min, inoculum level 8% (v/v) and temperature 25°C. We found that
temperature had significant influence on the bacteria growth and the astaxanthin production
based on the data analysis of the orthogonal experiments. An overall 69. 7% increase of astax-
anthin yield (2. 670pg/ml) was obtained compared with that of the original conditions
(1.572pg/ml). Marine yeast YS-185 had the potential to produce astaxanthin at a large scale.
KEY WORDS 26S rDNA Content of astaxanthin Fermentation optimization

Orthogonal experiment

IR R (Astaxanthin) (b2 A0 3.3 - 5B, 8- % M R4, 421, 53 728 C Hs, O CROG RS
2007) & —FhAELEAE 2 A WA R ERN AT A DR R A KR 2 F AR B W g T T (Miki
1991;]yonouchi ez al.  1995), #FFF RIEER F HHEEBE I L p-#H % DR & 10 £5, IL4E4E R E & 100 %5 (Miki er
al.  1998), R AE B 5l L B8 25 K DR il S8 7k )iz il (BL & =46 2006)

HRFT 3R B A PIRERAR : — 2% 5 BB i A7 6 U 7 3R LB IR L 5 J0 A fi w3 5 7 b (A% B 52
FAR N DR E AR R CREM 2007 . ZRAWE N RUARMR B R K. BRSNS AARDH LR
R I T B TR A 21 BROE S5 SR ) 7 R T R M ROE (P RSHESE 20015 PRI R AE 2007) . ASHIF S 1E 28 52 46 %
FRMR T R AU PEBE R YS-185 kWA HEAT T AL,

1 #Rl57R*®

1.1 H¥
FEERE R BB YS-185 o [ K PRk A 0 5T B 85 I K 7 AT T 0 TR S TR R
1.2 ExHE

BHE R FR3E (g/ L) A A 15, 2 289 3. A 5. B R 3. BilR 20;
FhFRE g B (/L) A A 15 W E W 5. B AW 5. REE 35
KEERE IR (g/ L) A AME 20, B R0 3, AR 5.K, HPO, 1,MgS0,0.5,CaCl, 0.1,

1.3 FENHF

Alliance 2690-PAD 2996 =30 FH (0 1% R G5 (£ B Waters) . ek 78 K #5 RE-52CCOBIM W50 . =B HEE
DAL 20PR-52DCH A H 37) 8 75 3% 40 o Ay e WL C7 8 2) . Biometra PCR Y (##[F Biometra) ,

L4 BEEMEERESUR

MBI IEAE YPD AR (100 BEREE 200 SR 200 M40, 20 BAR) b TR 28 s WL 48 J 19 ik vh T 1R K
AN AR RTE R AR DL

1.5 EHHSFEELEEGREIEY%  2008;Luetal. 2004;Xue et al. 2008;Wang et al. 2008)

DNA R BCR Bkt i9 CTAB 3£ (E % 2005) :2 ml 8504 S B IR K E W KRS A 5pl -
AL CBR S EHFE 15 min, il A 100 pl 30 mg/ml Y3 4 B 78 53 1R &), 37°C K ¥ Lh, fin A 45 B 22 vhilg (50
mmol/L TrissHCl,pH 8;50 mmol/L EDTA.pH 8;1. 4 mol/L NaCl; 2% CTAB) 500 wl, AR, 65°C KM
20 min, A 650 pl SA07-5¢EE(24 = 1), %R 12 000 r/min, .0 10 min, I FIFH
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26S rDNA §" # 5] ¥ NL1 (5’-GCATATCAATAAGCGGAGGAAAAG-3") fl NL4 (5'-GCTCCGT-
GTTTCAAG-3) MW A LI/ T AW TR A M5 ATIRAF . PCR 7 26S rDNA D2 X3 )i B, 9738 ™ )
ik b SR e AR FRA RIS I MR ) DA P 8 I R R AT 436

1.6 £¥HENNE

B e RS 0 (10 000 r/min, 10 min) » 5 L IE 0 AR KB B 20 A% I 5E P KO 600 nm. JHZE 18 K AF:
Z L e O BE (B E AR AE 2008)

1.7 KREEFMRMRNL

VIR R EEAAF A A bE 20 ¢/ LU AR 5 ¢/ L etk 3 ¢/L. K, HPO, 1 g/L . MgS0,0.5 g/L.CaCl, 0.1 g/
L.ilh pH=5 R 25°C | #5 200r/min 3R 5%, 75X S0 8 N R S0 JL Al oE 47 15 38 S8 f Ak & 1 .

1.8 HRFHRRBEFME S &

ezl 75 vk 2 BRBR /N R AR (2007) 1) HPLC By 5 ¥ FEVEB . 5 ml AT 0 S I A A vl Tk R PN ) T 5
(CBESCBREBMA 40 ml 12 1R AW - & TWA WAL FE 5 min, 2 35 7 B A% 30 min, B0 (10 000 r/min, 15
min) BCF R A 5 P TR A B A A A e B0 B T VRO TR B R R . R R S RO S TR SF s
AIE B W ZR K R G 8 0 2 AU R ERZE . O R ZMAEHE 2 A0 40 CZEMmm 6 = [
A R A A T

028 2 8 A B B A8 AE S OB 3SR DARR TR T RS WAE X BEOT A ok B - i 2. HPLC %
%A% : Symmetry C18 (5 pm, 2.1 mm X 150 mm); #E L& 10 pl, WSh AN W EE + 5 ¢+ A kI =
80+ 5: 15, A 0.5 ml/min; £ M P K 478 nm,

2 ERS5HMW

2.1 EEES

VA R DG AN R R 5 ol s B G L0 6 (A D o R EAT BB OB AR TR 25 4% Fh
A& BRRK B 5~6 pm, GEREJEE N 3~4 pom., HEAT IO SE5H 19 24 (151 2) .

1 Pl EMEEES B 2 R T TR &
Fig. 1 Morphology of colony on the plate Fig. 2 Morphology of mycelial in fermentation

2.2 HFEE

26S rDNA 57 K iiF — K2 600 bp i) D1/D2 5, AR5 Petercon X H R 741 Al 28 X D2 [ £ 254
BT+ 2 B0 3K — DX 3uk 7 [ e 18] 14 A2 R 1) 25 St/ 1 005 TS TR) 1% T Bk 2 57 308 % 3 2 K 1 3 A 4, T DAUAR g [R) W
P 7 2 5 X6 15 00 P BE R A7 43 28 GRUAN N 55 2008)

XoF i PEEERE YS-185 (%L [H 240 DNA #E4T 26S rDNA %1 PCR 4" 14, 314 )5 51 7E GenBank |- & 55 h
HQ397723, MJ¥4iE it BLAST 78 GenBank #2750 8086 e b AT R IR 9048 & . 25/ R, 5 4 BRoKi40
fi%EE 26S rDNA 41 (GenBank 38 % £ 5 EU285499. 1, EU285542. 1, EU285541. 1, EU285532. 1) AH bl 4



96 ok B 3 R %32 %

=99 06 S5 TV RRVE S 3 T A W 2 S S AR A R B ) 1 B bR ) 2D 8 RS LI BE Rhodotorula glu-

tinis (Fres. ) Harrison,

ODGOO
2.3 BiEREE 0.7 -1 Z & & Content of astaxanthin 20 /_E\g
. . . o o 15 Efg
e JLF A SR LU S Bt 20 /L IRACHE 09 L Es
S S | a ’
eI AT L AR L 3, 503 s e
S LA B R A R R | | | BT
W y TN N > ‘ e Sherpegay: sk — B O
A RO AFL I DU 250 8 by B 5 B AR ) BRI R Y HERE L A Gl
N st Sucrose Glucose Fructose Maltose
B I A (e o S0 R 2 W AR R 8 AR P A e TR
- . PSRRI 2 S 0 W
2.4 ARAERRERENLBEFNHNE Fig. 3 Effect of different carbon source on the fermentation
DAFEIR K T 55 5% 35 hy L el o A% ] 25 W B9 o i vk
JE AT REI A W S 0, S SR AN BT 4-1 18] 4-2,
—+0D,, ——1IR 4% 4 & Content of astaxanthin °
. -5 F % & Content of astaxanthin 15 o —e— W& B % Utilization percentage of glucose &
‘ Lo 22 ~ £ 160 00 £
0.68 59 EE ZE -
15 2R £E 158 é“ﬁ
. 0.66 = g 28 e g0 A
I L78S mE g
o * 1.56 44 = <m“§ 1.54 25 @ﬁg
0.62 1.55 {gm 5‘5; mé 150 ig g
0.60 , 154 0O 59 . w T E
10 ‘ 20 40 ' 60 80 O 1.50 10 36 A0 %5 % ;E::
U EE Concentration of glucose (g/L) AP Concentration of glucose (g/L) 5
P A-1 A [ ) 2 W I 2 0 D T £ 5 W) B A2 AR R R
Fig. 4-1 Effect of different concentration Fig. 4-2 The utilization percentage of glucose

of glucose on the fermentation

HT P 41 W] 76 Y o 5 o e O 0 S8 ) 0 0 T B BT 9 2 i RR Y R e B B TR A 2 B vk
O 80 g/L Wy, A Py i MR 3R A BEARIR R 1 fe g (B [R)I [ 4-2 (o] 75 M A 4 A R 5 o vk R
SENTAT ARG o 2455 7% DA 4 W AR P 3% o 496 DA e % k10 4 280 B DR VR EE 10 g/ L

2.5 FiRHESE

BS54 P RIR M B 5 g/ L. Qi 5 BN . DAER WA RUE B A 4 i FVIR 7 3R 7 i o AR R K
B 5 3% A J IR .

2.6 FNEEBBREREXLZELEFHRIT

VIR g2 3 0 FEmtE, L AR M AR, 0 i B 3.5.8.10.15 g/L Bk i,
M 6 F Sk IR E] 8 g/ L i, A 4 AR 7 R = AR IR B T e E L MR Rk T 10g/L LU
R AR XA P R 8 o/ L & F IS/ AR IR 509 AR .

2.7 % pH BEX & EEEFRH N

BRI pH PR M85 35 550, &R WME 7 FiR 014 pH=>5 B, A i s w1 pH=06 B, 4R
%E"Jnﬁk%ﬁilﬁlo

2.8 AEIFEEX KBS IR B0
Hi [ 8 T UL Rt 5 e B i 4 g L AR i MR 9 R B R AR S T R IR B RO i 200 1/ min WL A
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Py AR 2R A5 i L THE TR . PRI 200 1/ min % R B8 R A I 5 5% 09 25 A

——0D,,, ——0Dy,,
= i & & & Content of astaxanthin 0.8 —*HF& & & & Content of astaxanthin 20 ~.8
= =<
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Fig. 5 Effect of different nitrogen source Fig. 6 Effect of different peptone concentration
on the fermentation on the fermentation
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Fig. 7 Effect of initial pH on the fermentation Fig.8 Effect of different rotation speed

on the fermentation
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2.11 FEXZXW

iy Bk B R G LUAE Y R R 3R O R AR . R IO AW R B LA YRR I B R R D
WG pH AR R N BN R L UL Lo (67) IE S RA RS P F K S AE SR 45 R 0| L3 1.3 2 Fik 5.
Rl EXRE Ls(65) ERKFRHER

Table 1 The schedule on level of factor of orthogonal experiment for Ly;(6°)

A B C D E F
KF WA (2/1) BRI (g/1)
&1 pH - - ¥ 3 (r/min) R (%) WL CC)
Level Glucose Peptone
Initial pH Rotation speed Inoculum level Temperature
concentration concentration
1 4.5 8 3.0 180 3 16
2 5.0 10 5.0 200 5 18
3 5.5 20 8.0 220 8 20
4 6.0 30 10.0 250 10 25
5 6.5 40 12.0 260 12 30

F 2 EXRIAI L (65) 45 R (ODgoo )
Table 2 The rsulsts of orthogonal experiment for L (6°) (ODgoo)

A B C D E F

lsg;_ﬂ g pree 3 .3 A =N

Bxperimental g pr 0 OB ARG RO O L

Glucose Peptone Amount

group Initial pH ) ) Rotation speed Inoculum level Temperature
concentration concentration

1 1 1 1 1 1 1 0.55340.031
2 1 2 2 2 2 2 0.56040.019
3 1 3 3 3 3 3 0.67240.026
4 1 4 4 4 4 4 0.52740.015
5 1 5 5 5 5 5 0.51540.014
6 2 1 2 3 4 5 0.6534+0.017
7 2 2 3 4 5 1 0.61940. 026
8 2 3 4 5 1 2 0.46140.034
9 2 4 5 1 2 3 0.4534+0.028
10 2 1 2 3 3 0.68140.024
11 3 1 3 5 2 4 0.650+0. 023
12 3 2 4 1 3 5 0.589+0. 031
13 3 3 5 2 4 1 0.4614+0.018
14 3 4 1 3 5 2 0.5514+0.037
15 3 2 4 1 3 0.6174+0.012
16 4 1 4 2 5 3 0.587+0.021
17 4 2 5 3 1 3 0.5734+0.036
18 4 3 1 4 2 5 0.56740.032
19 4 4 2 5 3 1 0.5474+0. 027
20 4 5 3 1 4 3 0.51940. 031
21 5 1 5 4 3 2 0.5124+0.016
22 5 2 1 5 4 2 0.55040.019
23 5 3 2 1 5 4 0.58140.023
24 5 4 3 2 1 5 0.57940.032
25 5 5 4 3 2 1 0.55140.029
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W 223 A R W], LUE W & 4805 . A R EIR KRN . F>C>D>B>E>AGR 3), IR BEEXTER & 2 19
IS R B R Ty 2250 A LA W i S e b o TR RS TR B TR Y AR RS ) R (R 4D 6 Rl LR
AL H A AsBiCo D EsFy  fiidi A K5 IR B4 43 #i A 8g/ L, B Ak 8g/ L. Bddi A KA ah pH 5.5, %%
# 220r/min, g R 8% RN 20°C,

F3 ELZRIREHH (ODsoo)
Table 3 Range analysis of orthogonal test(ODgoo)

Wi H A B C D E F
el
ltem ik pH ] 2 W v B (g/ L) HA M (g/1) 3 (r/min) R (%) REECC)
e
Initial pH Glucose concentration Peptone concentration — Rotation speed Inoculum level Temperature
0.565 0.591 0. 580 0.539 0. 557 0. 546
0.573 0.578 0.592 0.574 0.556 0.417
A
0.574 0.548 0.608 0. 600 0. 600 0. 680
Amount
0.559 0.531 0.543 0.568 0.542 0.602
0.565 0.577 0.503 0. 545 0.571 0.581
R 0.019 0. 060 0. 105 0.061 0.058 0.263
%4 Eﬁﬁ%ﬁ*ﬁ(()f)eoo)
Table 4  Fvariance analysis of orthogonal test(ODgg)
5 22 F 7 A A N
i3S F It F Il A8 3
Sum of square of Degree of
Factor F-ratio F critical value Significant
deviations Freedom
A 0.001 4 0.023 2.780 At % Not significant
B 0.012 4 0.281 2. 780 A i Not significant
C 0.036 4 0. 844 2.780 3 Not significant
D 0.012 4 0. 281 2. 780 A it % Not significant
0.010 4 0.234 2.780 A # Not significant
F 0.185 4 4,336 2.780 % Significant
"2 Error 0. 26 24
x5 EXRE Lis(6°)ERUFHFR)
Table 5 The results of orthogonal experiment for Ly; (6°) (Astaxanthin as an index)
' A b ¢ D E F T A i
T ] A v R A MR B (g/ (pg/mlD)
. iR (g/L) R B (g/ L) pg/m
Experimental 44 pH - - el (r/min)  BERRECY) RO .
Glucose Peptone Content of
group Initial pH Rotation speed Inoculum size  Temperature .
concentration concentration astaxanthin
1 1 1 1 1 1 1 2.013740.024
2 1 2 2 2 2 2 2.05040. 052
3 1 3 3 3 3 3 2.64840.014
4 1 4 4 4 4 4 1. 946+0. 064
) 1 ) 5 5 ) ) 1.882+0.036
6 2 1 2 3 4 5 2.59040.014
7 2 2 3 4 5 1 2.46040.012
8 2 3 4 5 1 2 1.810+0. 023

9 2 4 5 1 2 3 1.77040. 032




100 wwolk B 3 R %328

&gxS
S A B C D E F TREE T h
Experimental g @) RARKEGEID e mReoH mECO) (/b
Glucose Peptone Content of
group Initial pH Rotation speed Inoculum size  Temperature .
concentration concentration astaxanthin
10 2 5 1 2 3 4 2.70040.032
11 3 1 3 5 2 4 2.51040. 052
12 3 2 4 1 3 5 2.28840. 060
13 3 3 5 2 4 1 1. 840+0. 086
14 3 4 1 3 5 2 2.00040. 056
15 3 5 2 4 1 3 2.43040.038
16 4 1 4 2 5 3 2.14640. 050
17 4 2 5 3 1 4 2.12640.030
18 4 3 1 4 2 5 1.973£0. 047
19 4 4 2 5 3 1 1.846£0. 043
20 4 5 3 1 4 3 1.763+0. 045
21 5 1 5 4 3 2 2.00140.030
22 5 2 1 5 4 3 1.9924+0. 021
23 5 3 2 1 5 4 2.13440.012
24 5 4 3 2 1 5 2.11040. 020
25 5 5 4 3 2 1 1.935+0.014

e 22 3 A R W] LUIR T ROV FEAR S R R I FIRC RN F>E>C>B>D>AGR 6) . BV BE XS R 75 R 19 &
RIS R R R AR U . T 2200 A LUR T 3R O AR AR L iR X R R R 3 (GR D . 6 R [
RN HA BT ABICDEF, o IR R G MU SR B 48 A0 e/ L K 8g/ L. e R R & ik
F:pH {8 5. 5. %54 220r/min, R 8 %0 Ki IR 25°C

3 ERRE

S R S T O A S 00 B T VR I RE B Y'S-185 BRI Ak AR 7 R A R R AL A A A S o/ L A
[ 8 g/ L, S MR 75 2 4 Wi St - pH 5. 5,53 220 r/min, R0 i 8% 8535 IR 25°C, N T S diF H Al 171 L 4%
MSCU T 3 R, SRFW L AFH R MR R 2. 701.2. 689.2. 620 pg/ml, FHIME K 2. 670 pg/ml, AH R AL
BB 7 1. 572 pg/ml 55T 69.8% .,

® 6 EXRILME N UFEF R WD

Table 6 Range analysis of orthogonal test( Astaxanthin as an index)

A B C D E F
WiH
o REPH AR 2/ MR (/L) e G/min AR CH I CC)
Initial pH Glucose concentration Peptone concentration Rotation speed Inoculum level Temperature

2.108 2.255 2.128 2.014 2.101 2.020

R 7 245 b 2.171 2.184 2.213 2.172 2.049 1.575

Index of 2.219 2.084 2.320 2.262 2.298 2. 286

astaxanthin 1. 991 1. 935 2.027 2.164 2.049 2.571

2.034 2.165 1. 925 2.011 2.126 2.170

R 0. 280 0.320 0.395 0. 251 0.249 0.996
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Table 7 Fvariance analysis of orthogonal test( Astaxanthin as an index)

i 227 5 il A B
[H %% F It F il FH 2
Sum of square Degree of
Factor F-ratio F critical value Significance
of deviations Freedom
A 0.283 4 0. 403 2.780 3% Not significant
B 0.298 4 0.424 2.780 A% Not significant
C 0.478 4 0. 680 2.780 3% Not significant
D 0.239 4 0. 340 2.780 A% Not significant
E 0.211 4 0. 300 2.780 53 Not significant
F 2.706 4 3.852 2. 780 5% Significant
2% Error 4.21 24

4 iTig

Wit R o3 e BE TR 1) 26S rDNA JP 5 ER T 2 A A 7E GenBank S8 4% 1R 7 51 804 PE L 550 1 R e BE o AP 55
7 d A4 I, 26S rDNA TS TE 53 B BBk TR A 4 28 oA o IR 0 A R0 GRCRR IR 48 2008)

i B R R BB A IR B LAk TR 21 B 0 A T SR A L B R T LR R A i T Dl A AR R B A K
(S o FRNT T RS AT T B DA R A P R TR R A B A K B SR SR A Ay S A A S o/ LR RS g/ L,
HAEIRE R A A pH 4 5.5, 553 220 r/min, R 8 8%, B IR 20°C s IR H R A LA FefE R #2341
Sy HIENE 8 g/ LU IR 8 g/ L, AR IR F A U pH 5. 5, 7 3 220 r/min, B2F0 i 826 85 3RIRE 25°C ., iR
JEE O 2B ) e VR 75 2% 09 45 WLRE ) 0 3 2 T REJR IR EE S T T R I RE TR N BB AR AR IR R A O R AR R
3 o0 98 ) 0 G S 1 B OIS R B TR AR KRORNIR T R A9 & al. L 76 H R 09 & I 2R 77 v iy B 54 i L
SR AL ERE R0 S B R = T 69. 8% . (HAREM LKA RZ A HEMHER, BlINE A A
B &EE T O AN R (Kim et al.  2004) XS Z WA T REZ IR ZAM LR E,

2 % X M
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iKW, E AR, FDBMEL R P 2008, VG R B AP GG 20 BREERR AL T 26S fDNA D1//D2 PS043 BT 058, IG5 R BE . 44(3) : 1~4

AL T 5 PR A7 AL, S XK. 2008, 26S rDNA J7 51 43 7 v %8 7 W BR 1T b [R5 5 15:49~51

MEZ, THM W RS, TR, 2006, UFH R WA RN . ZRER I FHE,24(34) :6 517~6 518

. 2007, MFT5 3R 04 A2 W 2 Dy R B HAE K 7= DR B R . T AR DRL, 16 (5) - 34~35
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