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Screening of the Lytic Enzyme for the Red Yeast Phaffia rhodozyma Cell Wall and
Extraction of Astaxanthin
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Masaaki Hamachi, and CHieko KuMacal (General Research Laboratory, Ozeki Corp., Nishinomiya, 663)
Seibutsu-kogaku 75: 229-238, 1997.

Screening was conducted for a lytic enzyme-producing microorganism with the aim of achieving
efficient extraction of astaxanthin from Phaffia rhodozyma cells. The actinomycete Streptomyces roche
strain PHA-34 was found to produce the lytic enzyme, which mainly contained 8-1,3 glucan- and g-
1,6 glucan-hydrolyzing activities and which was stable within a wide pH range. The enzyme was
induced by the addition of Phaffia cell wall into the culture broth. It was capable of lysing not only P.
rhodozyma cells but also ascomycete and imperfecti yeasts in the logarithmic phase, as well as many
basidiomycete yeasts regardless of the growth phase. Using the enzyme from S. rochei PHA-34, the
extraction of astaxanthin was superior in yield to that obtained by physical or chemical treatments
or by using other commercially available lytic enzymes. The astaxanthin obtained using the PHA-
34 enzyme was similar to synthetic astaxanthin on high performance liquid and thin layer chro-
matographies.
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230 HHEHXSTFH AMTS 5%
® B 5 % R (%):iDO*D%—O(do—d,)me
REXGSLUER AR7TA2F¥VFVIiREKR Do,i: 0, 1 BSR4 O KIS O BEE

y¥a2Xb, »=HHERIERCL I VI Vo5
Tefdvie, EFoMRREER L UM EBR OWE T,
Front Scatter Method Turbidimeter, CORONA UT-11
(ze¥) CRE L. ZOffi% ppm TERIND (P
rhodozyma 4 M AR B OB 4, 500 ppm 2 660 nm D
TR THI0.41 243 5).

P. rhodozyma DIFW L WS L UMIRERORE
YPGP 81 (0.5%B=F A, 1 %AV T}t v,
1% 7n=2—2R, 0.5% KH,PO,, 0.2% MgSO,-7H,0,
pHb5.5) T 25°C, 3 HHIIREEI® L 7 P. rhodozyma
IFO 10129 DEBEHHE AL DL AR LD OHERE L
TT7 A% ) ABEAZ B . RABREG Y RS RE,
R TV —F 4 V7 I ATHFE LU O Y M4
L.

Sl iclok::3 ] B OEZZ W F\ 7= Bennett 3
KEEH, Emerson 55, >~ o B - WERIESSH, TV
B 7T ARTF VEBORERL, BEWFEERED
EBRABY BRI

A7) —= YRR ROBRENO—T v 124
A2 Y —=v7RAEXRPHRL, AE8Imm OHIEK S
FAFy 7 ¥y — VICERER (0.1% MiQEEE 5> ¥
72tk 750 ppm P. rhodozyma O A M fd, 0.68% Yeast
Nitrogen Base (Difco), 1.8% %X, pH6.8) %* 20ml &
EFER LI, Fih, ~w—7 A T3, REREC
a7 AE-F5 - TEESSmm DALX I, Foo
BRI 40 4l 1 X - T 37°C, 18R RIFRRE
LB e —DR%WRE L. BREED, JlcrsE
FHRIUC X - THER L 7o kR

log (F&#E) =0.2756 X (-~ » — DEEE (mm))

—5.1550
(HEBY£R % r=0.9997)

CXo>THIE L. 7k, ARTo 1 BN, FEEE
FEBHE 1 mg/ml BT 5~ e —DORICHYT 5.
BREORFE  LINHR EE 1 ml & BRCRE 500
ppm & 7c 5 X 5 FHE L P. rhodozyma 1 B SR I8 W
(pH 6.8) 3ml % 30°C T 1 RFRIKIG X ¢, BEOWY
YREEL, TROHER L VBEMRLRDL. Fi,
BEARZ AOBRPMEEL T, BERE%Y 5mg/
ml CHEH L.

dos: 0, 1 RERIROBEREHFINX S OWE

MAREEA MR £ N OB S HBEN R ORN
BERAEER A (0.3% MIBEE S, 0.67% Bacto
Yeast Nitrogen Base (Difco), 0.1% 7+ 2 — A, pH
6.8) HEE L, 37°C, 130/min T 2 ~ 7 A& HIER
BEgLL. Ye—7 5y — A Vvi—BAWLBETIT,
FIESHC T, BEE 1.5 vvm, FH#E 200 rpm, 37°C D
FHTT3 HHEBRER L. 0RO LEYHEE
®e L, 2FE10,000DBH A BHEFRELE L, HEE
Eh R B,

HEROTERHY, REYE SUHRNcEL A
BB K BE 3 mg/ml, Mcllvaine S2H5¥ (pH 3.0~8.5),
MY A-HCl B ¥ (pH 7.5~9.0), 7 ) ~ v-NaOH
RET (pH 8.5~10.5) D& BHWK L, KHELL TP
rhodozyma DAY X OMIBREE % B\ 7o, pH LEH:
CEWTILS5°C T—, BREXKEXR BTk pH
5.5 T—HBEROBEBRK L AVT, BEORAI
IABBRYBET D LR X - TBREERL B L
fo.

EERMTFFREE TTEHSETFERPCHLL
B, BEREWZ/LEZ -7 AT e ¥+
A3 ATEHEEECI > THEM L. ®

HERGTOZWERIMHAT LERIRSH
13, EBEAH 500 mg/ml 3 X OHHBEER K 3 mg/ml &
R\, pH5.5,37°C 2313 % 3053 ISUGBE O WlER T
BRI O RD. B, 191 gmol D /L2 —
AHUBYER T IRBXY IU L EE L. &7,
TT7T—¥, a-7 I F—ERBIOVIZ/NVa7T 5 —-¥HE
HORER, EBTHESFTEERD I LT,
a-7 I 7 —HOERDLOEBBCK > TE L.

BEARY MLOLHOZBRBOEE BEA
N7 MDD LIcBERNE, YPGP BikiEHic
T 25°C CTIREBERE L., FEREHTCOLEBEROHE
R & AR ORNKE 2 RDIH, SEER+
ks X O IEB MBI L, BEROBEDOEC L
Tohio THMBELZRDI.

M®/OQ~v /57 4—(TLC)

(1) P. rhodozyma RIRRBENREHORE  TLC I3,
Mcllvaine B & ¥ (pH 5.0) I B # 500 ppm L 7c 5 X 5
R L /- MIBREEE 4y 1 ml & HBEEW 4ml % 37°C, 4
BERIGEL, A7 Ly 7 4 & —C045A (7 K3
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Phaffia KEFABERSFERY R 231

vy 7EE) TAHBEEERB LIS OXEERA L.
7 L — } IZ Kieselgel 60 (0.25 mm, MERCK) % fi\>,
AV Trt)—A/K=4¢/1 DBR TR L, BRIk
HCTEH L.

Q) M7 A&V VvFUORE HHELLETRAA
¥ vFvokicit, RAv—r2BWT 7L
vIFRB=—F A =28 OBECEXT TR L.
FRNWEEOAR, F HERED, 7Tt VERE
#, LHEDO 40T ARRNEHE TS Lt X
> THEBHZRDI.

TAYFY o FoMHOHOEENE  HiEk
B\~ 7 P rhodozyma RIRRVE, BEMREE{E% Mcllvaine %
R EREARE S % L7 b X 5 BEE, KBbT
10 BT 5 - Lin k - THERBERL ARG X,
LSEBBRCRE LDV
(1) BRAE  ABER L OHBLT S D hRE
& LT, Zymolyase 20T (£1LHETH) & IVURM
TE¥EMAOMBERMEFRA L LTREIRTVS YL-
15 CRE#E), ¥ =% — € FN(KRLR), 17
SAM(/HE I AF 4 A2)RRAVE. KBY =h—
¥ FN FCi pH 7.5, B Y Ut h DA OBEE R
i pH 5.5 D Mcllvaine SBEWR CIHRB L7z P. rhodozy-
ma B BB (50 mg dry cell/ml) &, HERTEHRE
HERCHLI1X DX 5HmMUL. BRAEL,
YL-15 T 50°C, % Dl OREFE T3 30°C T20HFHEITT
s,

(2) HEHAE 7 v vF 7 v ALEL The FRENCH
Pressure Cell Press (AMINCO) #* i\, BH&BREK
20 ml 3 L 16,000 psi TS5 EHE DB LIz, T AE—
B, 15mlB7 A2 vF 2 -7 EEBRER
1ml CEEREREY 7 AE—X (HE045mm) 1g
Mz, +—+=Fy 7 I F%— 8100 (TAITEC) D
BAHD TS OMARE L. BEEAE L UD-200
(TOMY) X A\, BEERREW 20 ml w3 LHD) 200W
Tk Linds 6205 R L.

() fe¥mnE  EERBRLEELS L, RED
1 N HCl . FREHE, 100HEH L.

TAYFH L F O T ARFYVF VLR
BUOBERTH Do, BEELER LT TRHE
fkxh T, £ THESLERYEOTREL T
£H-Be, EREGERCH LTS0ERDOT €
vEHEMLL. EBRERLICEY, T vhrT A
ExyvFvEEEETHRAERYME L. Bl
iz, SXKEH (BEBEAT, UV-180) ¥AWT,

470nm BT ABRINARPET A L X > THEL
7o,

HHeXomERE /O~ 457 «— HPLC)
HPLC (¥ Bushway D HEO #HE L TUfT- 1. T/
HH, 600E Multisolvent Delivery System (Waters) % Fi
T, Sim-pack CLC-ODS » 7 & (BE$fEFT, B
BHELLTT b= VA AR, —A/FFFE R
75 v =6/3/1, WHE 1 ml/min, » 7 A{REE 40°C D&
B X bR L. oY, 990] Photodiode Array
Detector (Waters) Z i\~ T, 470 nm OFE KT L b EH
L.

HMHEROBERER
(1) XBERE FIARBRBCImOT Y
M ERY AhEHE, 15°CEREANT, 78451
P BYELT, Power twist # 40 W (DURO-TEST) %* i
T 20 e DFERETAFRIEY RS L. 66FefEHK D
470 nm DEKE I LB BELY RDT.

(2) BREHEBR ¥ 7ARBREC 2ml O 1{EKE
# M) B LKy Ah, 130°C THRIE
L, 470 nm OBREE X E L.

2 B & R

ARyY—z=24 LEZEMOLEY T 1§5400
Rh, MRBEEY Y A7) —= v 7 AERXFR
EeA&B Licar =R, HRBESFC X 558
B] (~r—) 2B LICELE LT, 60052 E7.
D ¥, FBIRERZ L5 10ml ORGIRRSEY 2
~7HEfT»lc. TOEEREBYAVT -7y %
A X BERDOHBY T, 60k Bk L. 351,
FBBED I b ' P. rhodozyma AT B\ o~ v —
7o MEY, 10K DRAAR. BROCIT, &
BROER LR B\ CAEMRBREBR OB A 2 HK
DLBMEY LB LICKER, P. rhodozyma 4 MG %
POCBETHIERYEE T 5 HRE PHA 34 k28
7o

SMEHRORITE  ABERE PHA-3¢ KO E L URE
FREBIL, Tablel ¥ L. KRB OMMIE R
(110~45°C TH H, MREEEREZHRBERD L
< IX Bennett ZEXKEEH | T EEEH L XEE R B
Bxhi. FTOEFKL0.8~1.5pm T, BExh
B EnDHDEITM IS L EHACS
B LT\ 7=, ¥7 Emerson BXEH, BMREERAE
KEEM ETARIBEMARYEL, Hr-vaf
Daw=—~LEELE. KERIERRT, KT
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Table 1. Characteristics of Streptomyces rochei PHA-34. Table 2. Effect of cell wall content on lytic activity.
Characteristic Gell wall added Lytic activity
Range of growth temperature  10-45°C %) for (‘i:%‘)"an for i‘(‘;atc;)cen’
Diameter of mycelium 0.8-1.5 um
Color of spore mass White to yellow-brown 0.003 0 0
Spore chain morphology Spirales 0.01 15.1 0
Spore surface Smooth 0.03 23.5 0
Spore length 0.5-1.0 #m in diameter 0.1 95.2 1.6
Spore form Ellipse 0.3 725.9 2.4
Melanin on peptone-yeast Absent 1.0 384.8 11.0

extract iron agar

Melanin on tyrosine agar Absent

3L DR S hITFRER M. BFOX
X3 M2 0.8~1.5um, WE0.5~1.0m THL DD
DIXMFETH - 1. BTBEZ TR W ER T
“Lb” AR Hh. EieKh ECRE LickR
KRR ABHEORT, FWMFIRMRINLT, 25
=VERIMBETH o ¥, WEERCHRCAR
HoMRBPZ LLEF7 s /€4 ) YBB IO Y)Y
YYERLTWIoZ &b b PHA-34 $Ri3 Streptomyces
rochei & RITE & i (Fig. 1).

WXERE S roche PHA-34 k%, Fmerson 853,
Vol HRMEEN, SO T RAATE VIS
ITARMI0. 35 RIRBEE S Y etz b D, ¥l
B4 RN I X O O MIRREEE S Y B\

10um

Fig. 1. . rochei PHA-34.

LOTERL, TORREND v -7 , 2 LS
MREELYHELICL S, WThLERRES LS
UM TR L EC O LTBERBD S hi- o &5
6, AMEMEERMIEML, P. rhodozyma MIBIBE L -
THRAIh IR THD LENZh: (F—2%
). DX MREREEAREMC I 5 HInMMEEE
SOBBMREMBE L RN Lic. Table2iRT L5,
B3y O W RO BERE 2 MR BE 53 < Tr B i3 P RENIERE
B T o7z, ¥ 7 P. rhodozyma MR35 Bl
HiE, 0.1%B EoMBRRE) S LETCHH, XK
BE R LB EBEIWL inotend, XRMMD
FHMLIZERL, EXOMXLEE 203X ELE B
Lk, OFK, Vy—7 5y —AVE—TOEC
5 BEE AL L7z, Table 3 i MR 200
rpm, BB 37°C K 51 2 WU R T 5 XS
HrRLc. ToRR, BRI ERE 2 3K
K&<, 1.5vvm T3 BMERT 5 L BWESEELRL
.

BNXOZEREt, ®EY Fg2rerRTidk,
AREROE MBI T 2 ERRE L 37°C, ZERMpH i
5.5TH - tod, MREBCHN LT it niry —
7%RLic. MR %FEREE L 20°C 5 5
50°C Rk d b, M pH i15.5f3F & 7.5~8.04458
K22ODE— 7 HFEETHISCROh. 2 T#

Table 3. Influence of aeration ratio on lytic activ-
ity in a jar fermentor.
. Lytic activity
Acration
(vvm) for cell wall for intact cells
(mU) (mU)
1.0 148.5 1.8
1.5 1206.1 8.5
2.0 1.8 1.5
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Fig. 2.

EROBETORR VDD 00, M4
EHE U TIERCETTL, B ULRHET CRMREE
YEBELLEBAEOFNBVBHERY R L. ¥
Fig. 3T X 5Kk, pHZEW Ci3 pH 3.0~10.5D
BHCTEhEh5°C T—BkE#, pHS5.5 HRE
L 37°C CRIG IR LT B, TRTOpHI KT
BERBREOBRFEELZED b, Z0pHE
EATRRETHHLHAWMLEL. RBELXE®HI
pHS5.5 AR LB KBK % 10~80°C T—HRKE
#, 37°C TRIGI®I LT 5, 40°C ¥ CIRBMREYE
HHERE LT\ o8 50°C DA E TG OE T 233E L
otz K&H%E B\ T P. rhodozyma MR HT 5 1
BRI OB MRB L RO & & 5, Table4 TRTREE
&It 5. P. rhodozyma A MABAVE Zymolyase TiLiZ &
AEBRINVORN L, AR CTIRREOMM
Ll D BEMREM L. & OB (0.5 mg/ml) DFE
AEETHEMETRMSY Fig. 4 R L.
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Effects of pH and temperature on lytic activity of S. rochei PHA-34. Symbols: @, cell wall; A, native cells.

AEERNR PO BRERER LR, TOoKRY
Table 5 IC/R Lc. ABERHEKIE, L LTEED Y
NhF—X, FUFF—H, kT e T 7 —HiEkY
BLTWk. 18 rockei PHA-34 #%, Emerson £
M, o B - WREESHL, T PO TAARSHF U
MDA 0.3 MBS R e icdb o, ik
BERAEEXAR s X O b b RIRREEE % B\ e
LOTHERL, TOEBEFDO v —7 5 MBIV
WEE OWAN X B IEMR L o RERIEM: & O HBIRIR
BRDICEZ A Table 6 KR THRER LI o7, =Dk
Bhrb, ~e—=7 1M LREORAIIE HHEEES
FOBHLR, Tod - & bE BT sREREN
BXTAYFF—HTHote. LI o TP rhodozyma
RIRBE WM E & LTHER LTV 3 D, AHBER
D B-1,6 /N —CIESETHD LHAINS. K
BEC X B P rhodozyma O M fABE 7> 8R4 % TLC T
Rl A, VI RADAKy FOERINE(F -
LE1
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pH and temperature stabilities of S. rochet PHA-34 lytic activity. Symbols are the same as in Fig. 2.
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Table 4. Lysis of P. rhodozyma intact cells.

Rate of lysis (%)

Enzyme concentration 0.5 1.0 2.0 2.5
(mg/ml) -

PHA-34 enzyme 15 38 60
Zymolyase 0 0

The rate of lysis was calculated from the decrease in the
turbidity of a P. rhedozyma intact cell suspension contain-
ing each lytic enzyme after 1 h at 30°C.

BRARI ML ABEROBMIELE Y 280N B
LT L7z, Table7 i3, RBBEOME
ORWPE X O RD-BMEER L. R, N
BN B 5 FRNE, FroMBeLREL, 8
FEHMRBOX L LOH LTit, MMEIRNI Lic
BMLI. Oz b, KB P. rhodozyma DR
ElrﬁerHf&<ﬁmvﬁarﬁL1%ﬂm7
BTH5LEBbhI.

TRIXY - FoHROLE &SRR
¥ 23, P. rhodozyma Withie N L CHYIEATHZ &
HHRB TR, P rhodozyma Witk L b RGBT
AaxYVFVOMBEOWTRN L. ABEXY
P. rhodozyma MV AEA IR I L BDT R 2 F Y v+
vHiHEY100& LT, ATHEMXAE, HEOHAE,
{LERAE L 5 MH Y Table 8 IR L. ABEX
K X5MHRL, RomBEsERARS X UC4RYEY
AEEHBLTHIXD M HBYRLE. &0
R D ARG EL AV RN, MERER ¥ 2P
HREXRBL TV £EROBE, BEPBEX R
THd, RUBRKS»L7 € vehHIhs ik

Table 5. Enzyme activities in the lytic enzyme
produced by S. rochei PHA-34,

Substrate Enzyme %i%m;::::;?
Casein acid protease 5.5
Casein neutral protease  59.5
Soluble starch a-amylase 14.8
Soluble starch glucoamylase 0.0
Pullulan pullulanase 9.0
Laminarin laminarinase 520.0
$-1,3 Glucan (Cardlan) $-1,3 glucanase 139.0
Nigeran nigeranase 0.0
Pustulan pustulanase 118.0
Chitin chitinase 0.0
Mannan mannanase 0.0
Xylan xylanase 100.0

IRAEMRY B BS L VS0t R
SR ER S BE, TAZEY VT VRHRIZ
InREE Y AV BR L D XL REL ot T hul,
MO RIBBER MR T 5 BIHOXTH D &
Ezxbh3. :

HHERXOEMINT HPLICRIZHHERY
Fig. 5 IKiRT. AMEXRIT X D P. rhodozyma WithD: & hh
HL:BRDZ7e<t VFATE3DDkEhE—2
BRLI, ThRART A2V vFvDIsu<t y
7ATROLND 3 DD — 7 L REEEMA—FK LI,
Ba2DE—~ 27 ORBIXT > TIsW, EH trans-7
RAEFYVFUYRERBIERELIR, Yas kLD
13-cis L D cis-trans BEW L 2B T LB TE Y,
asBOH R trans X OV BUTHEH I B L\ 5.8

®

Fig. 4. Scanning electron microscope photographu of P. rhodaz_yma cells treated with PHA-34 enzyme. (A)

Without enzyme; (B) with enzyme.
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Table 7. Lysis of various yeast cells by the lytic
— =4 enzyme from S. roches PHA-34.
— 3
. Rate of lysis (%)
- %o Strain Logarithmic Stationary
= S 5 phase phase
- Schizosaccharomyces pombe IFO 0351  68.2 36.8
o — = Saccharomyces cerevisiae X2180-1A  55.4 4.4
< 8 g 3 Zygosaccharomyces rouxit IFO 1130 0 0
- ee Hansenula mrakii RIB 5226 31.2 31.0
° - o Kluyveromyces lactis IFO 0433 64.7 3.2
® S8R~ Pichia anomala TFO 10213 46.5 0
e e e Lipomyces starkeyi IFO 10381 53.8 19.3
§ g a $ 5 Filobasidium floriforme IFO 1915  30.3 51.0
= ~ oS oo s Ustilago maydis IFO 5346 56.9 81.0
- Rhodosporidium toruloides IFO 10512 0 0
E38agw Tremella mesenterica IFO 9310 35.2 49.5
© S e 9o . ..
- ? ©c o o o Graphiola phoenicis IFO 9100 1.3 0
Z * Sporobolomyces roseus IFO 1105 4.0 0
5
g SIS Brettanomyces bruxellensis IFO 0797  55.6 34.6
§ |, @ o on S oA
.8 — Cr © o CI> o © Candida colliculosa IFO 0663 56.8 4.2
;E‘ ¥, Candida tropicalis IFO 1400 0 0
E S8538888 Candida utilis TFO 0639 47.1 2.4
1 R AR S Kloeckera apiculata TFO 0865 37.0 37.4
E N . x Rhodotorula glutinis IFO 1125 9.7 7.2
3 ER3852%88 Trigonopsis variabilis IFO 0755 0 0
C8 ~ScSssss s < Cryptococcus albidus TFO 0612 23.0 29.0
)
O * * % Phaffia rhodozyma IFO 10129 43.3 33.3
R RS & Eg - :
S | o 8 ‘5 3 % 8 = 8 Si & & The rate of lysis was calculated from the decrease in the
K - @ c.> © o e oo oce turbidity of a cell suspension. Each cell suspension was
E X, 0% X ¥ incubated at the indicated growth phase with 5 mg/ml
S Y ® W FEMAN DD N =\ PHA-34 enzyme at 30°C for 1 h.
IEEEE8533R8888 8
- o o cl> cococ oo S S|y
3 F AR ko T L b O TR~ 7 5 % —
2 8 VHRESTHED, TAZFHYFVvEBbhbE -
22, B8 s TRIVECEAHMEIABE-sLERD, Ub
- Q =
g - £ 8 §EIE  @BHLLTILBBRHTERL-K. KK, TLCK
= I~ T I _ .
FECE S s %1 = X B HWHREEY Fig. 6 Wit AREES X ORI X
5528y, § 3 Sl S THIH LI, BRTAEXFHVFVDAR,
— e [Z] ) °
FE g E E g g © aEi < ;, FERET—HKL, ZThiZAn bW HAEELTWS
§ 3 .3 g K= 'E = g E & t 'b; cis-, trans- 7 AR F Y VF VDO RIEEBMUIKE -, %
@« -
5358 82 L Fo Table SWRT L 51, 7V — b kDA, F &k
G Gt St Gt S S n w
SN SSSSSE-EIl EM->TT & b VCHBE, £OLEED 470 nm OB
EEREREEE B € REBETDC LI de T A SRS Y F Y
8 O P S = B = <~ S
2EER2I2ELR|F  oFEHEEERLELIS, ABRLACCHELE
N N Ot EBROFAELE, RT AX*4 v F VOE RE—

LI
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l) A ! A ol A A lo &3 4 ry A 4 ! A 4. 4 4 10
] . 40nm | L 470 nm  470nm
® e ol Je 31 t=
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Extract by PHA-34 enzyme

Extract by HCl
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Fig. 5. High performance liquid chromatogram of astaxanthin.

HMHEROK - MREE AN CARE L TR
Bl G & RN CR B E X DK X UM
THORERZIERN L. XBHORKESL Table 10
T, MABOKRY Fig. 7 oRd. ANEAET X -
TR, HRANC X > TH-EX T DR,
MM T ChTsh, ARG L YRR LTRET
Dot

% »®

GEIR A MM LB S. rochei PHA-34 ¥i2,
IREMER P. rhodozyma OMIBIBEL BRXR L LT, P
rhodosyma 4: RERS O MIRABE L MM+ S XL 4 L.
T OMROBMIEIET, WK\ pH REHRR L.

Extract by PHA-34 enzyme
Extract by HCl
Red pigments of crustacea

Synthetic astaxanthin
Synthetic astaxanthin

*ﬁx&,&ﬂoywwr~a,*véf—axtv
7e77 —EEEYE LTI, BEEORESLY:
KX > TELT BEE L EIC LT P. rhodozyma DEM
RLOEBIYRDILE S, AThIMEERL LT
bW FIFVF—¥ (B-1,3 7D F—+¥)
BEIDVITAYFF—¥ B-1,6 710+ —%) &
HEbo LM HEBIRR L. B-1,3 PADF—¥
FEELEA LT 5 Zymolyase 7z £ OHEHXS, P,
rhodozyma EMBNAEA Lz ol &2 5 LR
HREXSZ3DLHERMING. =L, MRS 4k
RERELTAVCERAORMOEN pH MR 7x - T
Wit i, AMEROEMIEHIB-1,6 FAhF—¥
BET2e, MoNRESE - NAHCEALTVS

Fig. 6. Thin layer chromatogram of astaxanthin.
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Table 8. Efficiency of astaxanthin extraction from
P. rhodozyma cell under various treatments.

Table 10. Influence of light irradiation on astax-
anthin color.

Extraction ratio (%)

Treatment
Heat-treated cells Intact cells
Not treated 8.8 11.2
PHA-34 enzyme 100.0 100.0
HCI 89.1 NT
French press 44.0 NT
Glass beads 37.0 NT
Sonication 14.6 NT
Zymolyase 20T 51.0 - 45.0
YL-15 8.7 11.3
Tsunicase 18.2 16.0
Celluclast 33.3 22.7

The extraction ratio indicates the absorbance at 470
nm of acetone extract after treatment, taking that of the
PHA-34 enzyme treatment as 10095. NT, not tested.

CEERTRLTS. — K, BEANI b ERD L,
EHMOTFERES AT BEEEIMEL, TEL
BB R OR U Candida BOHTHERIDENKE H -
fo. 4E P. rhodozyma VY, 18SrRNA #EHEEFIDOHRK
HEe b D Cryptococcaceae &I R 5 & & HiE
IhTED,® ¥ FHEHR2RR R 3 Filobasidiaceae,
Tremellales 12 JB 3 % 51 B Xanthophyllomyces & L THRB
IThTB.0BTEHETH B Filobasidium floriforme,
Ustilago maydis, Tremella mesenterica PHENB\ B4
ZRLIEC EDbD, BFREOMRERERECIIL
BEERDHD OO LEERTES. L LishbRE LETF
BB OH T4 Rhodosporidium toruloides V3. ¥ - 1= { WE
OBV DFZ 78D - 7o (Table 7). R. toruloides D &
HAHAR & X B Rhodotorula glutinis DIEZHHENT &
OmEEOMMERBIRLDZ LHRRENS. Th
LT Exb, BRICIETAMRBEOXLER Y
THEENR 13RS LA n v THED L Th

Table 9. Distribution of red pigment peaks.
Rf value 0.22 0.29 0.55 0.87
Extract by 15.8% 84.2%

the PHA-34 enzyme
Extract by HCI1 52.0% 48.0%

Red pigments of 29.4% 0.0% 29.4% 41.2%
crustacea

Synthetic astaxanthin 15.0% 85.0%

The Rf values of authentic astaxanthin are as follows:
cis-astaxanthin, 0.22; trans-astaxanthin, 0.29.1)

Treatment Degree of color remaining

(%)
PHA-34 enzyme 44.7
HCI 3.4

Each pigment was irradiated at about 6000 lux for
66 h.

i3, FAEBECIHABENLS LELABEY BT S
CEREHSTRI>TWAHDIDTRLVWEELDT L
NTED. BE, ABEANRE LT P. rhodozyma & IR
DB TEMEFTE T, MRREORENII X
5LBbhBRANRBDLNTIE Y (Fig. 4), 2D &
FRBETHELDOTHS. LrLiedb, fod 2 Sa-
charomyces cerevisiae VB \~TiX, B-1,6 EEE N LI -
1,3 705 voBREEGE, HEHREV-1,6 71
H v RIS ED §-1,3 Yk ViIK X - THIfRBEDF
BEENERINTE D, ) B MREIEETRE
HEoTWBZ L HRIIRE D, BRITErORK
KR >TBZ EH—2D0ERMS Lhin\.

7 A & ¥4 vF v TUERAEZ, oY
BB ERERAE X b &\ R R TlE e
M HETH DA, HPLC, TLC /e E DR TILEK
TAEFHVFVERRILBNE - VRRL, ds-
trans L CTH cis MO KELB LD TH 7. An-
drewes 53, P. rhodozyma DBE cis-7 A X F ¥V F

100 T T
& 80 b AN\ s
" ' '
(723 1 '
(o] ' t
q) 1 '
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g 60f---- e it
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— 40 f----- TN 'iniieteir it
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Fig. 7. Influence of heat on astaxanthin color. Each
astaxanthin was incubated at 130°C. Symbols: @,
PHA-34 enzyme; A, HCl; B, synthetic astaxanthin.
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EMT¥ BI5E

VHEEREH TV EHERLTW A5, —
BRCRKRD - aF Vi transBITHY, 7—7 4
Ty 2 bELTDasH~DRBASPRBIBEZRT
W59 FleZ D oas BEGT, HERBER, vx v
ATEME, HIRMLEE, B OENLSMENDS & X
NTHB. FERABE X > TCEB LR BRI,
YREEN L GESBER L. S hMERMAE o
R U GRBR I EHTHB  EERLTVS. —H,
KRER Y P. rhodozyma BABCER X 0B SR
ELTHRARE L &<, HPLC, TLC i K DEEM D
Y, trans-T A X XY VF VHEBENBVWERT A& F
HvFVERERAETHEZ LMot AL
BB VTRARTAEFHvF v EhbTohT
Wi, A%, BRLAVGRIAEL, HEME R
T, LbBEILER pH TRIEVMTZ D Z L2 b,
TAEFHVF VOB, B ELIRNREIHLS
WD EELLNRDH, BREEEOEI R ENLERMK
CZLWHDOTHh-Te. WENEROBESMHEES |
Foledicid, BETOMBLZEEE D ETO1E
HoRLIBELYRF Lk b, SEOH
HBERIEFOBEE & B U T P. rhodozyma SRRV S
THBRMENEE D, ROBRTIBLRI,
STCHBE, LH¥RAEB I DB T AZFHF VI v
WHRE trans R VIE L, SHREEHBCTSH
ERC D BIFA 7T A& v VB LainE
Cigole. TOZ i, WHEABHRORB L L Hil
CRETHZ &L, BBOXN LD VAR Y
THEL L, BREBOKRE 7 A 2+4vF viT¥YE
ETOBRER T EERAEEGEO—D L LTH
HTEDHLELS.

2 ¥

HREEERE P. rhodozyma 2> LERI X DB BT A
FxyvFvORMHES I LT, LB X R
BEEREEEY A7) —= v 7 LIBERE, BBES
rochei PHA-34 Bk % BABE U 7c. ABX, P. rhodozyma D
MIBEA BURE L LT, B-1,3 8LV B-1,6 77
F—¥EFEHEL LICEE pH ZEN 2 H T % ek
BREERLYEE L. XBERI, P rhodozyma £
R Cin, NBHEMIACD 5 FRER R, TTLR
BRYBEL, BTREROET O LT,
BHEORFL BB L. ABRCIBTAxFY
v VORI, {LFHLE, HERLES X OMBO
HREERAE L » I BVHHBELRL, BbhicT

AR FH v+ vit, HPLC, TLC DREEMN L, 8RT
AExFHVF VR TAOMETHS L XA, &
BRI AHMHAEERFETH D Z LRI

BETERATRBYC ST, YHRATIEMESRH, H¥E
EHRHRBOB I BE L. Zor@owLELET.
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