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EREEE B-IRE NEIZILER(Asy)EEHY
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B E: [8 8] NG9 F £ 69k R4 (Phaffia rhodozyma) 7B12 H#kF %14 B-4A ¥
I % 4% 1¢ B JX B (B-Carotene converting enzyme gene, asy), ¥ Z AR EXMHFH
(Escherichia coli) ¥ #t A7 T i2ME RiK, HERANFRIZEGMER AL FRELR. [FE] %
Jl cDNA s ¥ 38 K, £E1335) asy AFH 4K cDNA 57|, % 5 % 4% 2] &L 8k
PET32a ¥, i@ iTHRALE A= IPTG RER S AT AL F,; #t—F £ E. coli BL21(DE3)
Bk R A asy A B 49 48 A fe pACCARILBACTX JR 45 (45 % & LBLE B A A% B-
T ERGEARM), ARMEBIITERUMART LAY P EF LG TN, LR TEREER
Ay Asy BeigdE. (4R ] %k KB4 7B12 H 4k asy A B 69 cDNA /7] 5 GenBank #e4e &
3|49 ——4 asy 2 mRNA /& 7| (Accession No. DQ002007.1)— 2 ik 3| 97%, A 7
BK 1971 bp, RKRIFAXHEIEH 1614 bp, %A 538 AR HBR, 7 E. coli BL21(DE3) ¥ &
Ky Asy BAEZEANTENN 70 kD; &Mk Esk asy ABE W ELE A 26 °C.
0.5 mmol/L IPTG &) &4 FifF0F, Tisraks &G bk 85%. 5 pACCARI6GAcrtx %
SR AL ALAR G, 24540 pACCAR16ACrtx % asy B G EME AT M E W B2 L AT
AR, P AT FEOLSERNRRY, FREBILT 3 EZ, RIEBEE

Flgr g —Fr A B F R AT F R P S —B-RE . (48] WERBET L
%452 asy A A, @3 HAEFREA PTG IREF LM 5 T Z A K /£ E. coli BL21(DE3)
T IEM AR E, LT TIEMY Asy iReEH —51-755?% B-A% FEehEM

KU R KRB, BT D RALEE, Lk, TIRMAE, FHESH
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Cloning and soluble expression of B-carotene converting
enzyme (Asy) gene from Phaffia rnodozyma
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Abstract: [Objective] We cloned the cDNA of B-carotene converting enzyme gene (asy) from
Phaffia rhodozyma 7B12, a high astaxanthin-producing strain, and expressed the recombi-
nant pET32-asy in E. coli BL21(DE3). Our work could lead to an important use for the study
of Asy properties and further applications in vitro. [Methods] Using RACE method, we cloned
the asy cDNA from Phaffia rhodozyma 7B12, and constructed recombinant plasmid
pET32-asy. After optimizing the temperature and IPTG concentration, the soluble expression
of Asy was achieved in E. coli BL21(DE3). pET32-asy and pACCAR16Acrtx which carried
the genes chain on the synthesis of beta-carotene by acetyl CoA were co-transformed into
E. coli BL21(DE3), and the changes of carotenoid species were analyzed by HPLC to detect
the activity of Asy. [Results] The homology between new cloned cDNA sequence of asy gene
(accession No. HM204708.1) and the only reported asy mRNA sequence (accession No.
DQ002007.1) was 97%. The obtained cDNA was 1 971 bp in length, the longest open reading
frame was 1 614 bp encoding 538 amino acids, and therefore the fusion protein expressed in
E. coli BL21(DE3) was about 70 kD. At the optimizing condition (induced by 0.5 mmol/L
IPTG, at 26 °C, 5 h), 85% fusion protein expressed by recombinant pET32-asy was soluble.
Compared the components of pigment in the E. coli strain only transformed with pAC-
CAR16Acrtx with the strain co-transformed with pACCAR16Acrtx and pET32-asy, we found
some changes of carotenoid components. The peak presented a-carotene was disappeared and
three new peaks were shown, suggested that p-cryptoxanthin which is one of themetabolic in-
termediates between (-carotene and astaxanthin were produced because of Asy expression.
[Conclusion] Astaxanthin synthase cDNA was cloned from Phaffia rhodozyma 7B12 and the
soluble expression of astaxanthin synthase in E. coli BL21(DE3) was obtained. The fusion
protein had a certain activity to transform p-carotene.

Keywords: Phaffia rhodozyma, B-Carotene converting enzyme, Clone, Soluble expression,
Activity analysis

IR H R (Astaxanthin), X4 3,3-"2%E-Bp-  FARFHIRNE R ERMTERAEYISN, FREE
W N R-44-T, R, RREEAR, AN, LSRR TRESTAINE RN
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Al 20 titag 80 AUk A A RUNE B TS S SE N, BIgRAD BT N FE Rk
RiIEE FDA GEEEMAYEHR)MEHT LRI (B-Carotene converting enzyme gene,
TR, 5T RIS R EAWIRR  asy), XTIZMRIIIREE S RIFAEE S . 2006
Uik . WK A BERREY), JFREE R EUA AR, Alvarez SRKTERFERERY asy HEK 2 ARE B-
ARSI REfE S P, T X se T RE, U W N R EE TREN R R B N &
HRABMBM, it LEGETIEWEAT ™Y B-Ra TR E R T, Ui Asy
2N R ilg 25/ 0 HAT ALY T AET . [R]4F, Ojima A& 1
R W) (Phaffia rhodozyma) /& HAETIFSE i W0 Asy BEHIHIFIRT, REEREZEEHE MR ™Y
ZH IR ZRRY, AR RRIFER T WML RENAL, JHREZREE Asy @
2000 4E2¢ FDA Hitife, ol FfEE sl fes Rt R A L i T AEP . Ukibe %5 ad ik
Kigtkh, MR A B W RImREes:  BHE asy Ml asr FL[H (40 (0 P450 b JF L [H)
AR g S % K B2 15 TR (Isopentenyl  pyrophosphate, — F{) S IR 26 3K i B b 78 BRI BB b A T IR
IPP), SR)5 IPP iy, Hidr. LA, LA BULIWT asy BEEL& R AR (L P Fh T RER

A L BT N 2 (B-Carotene), )5 B-BHE b AN, WSR2 Asy il DUREE e R
KPS Y C-3. C-4 SRMEBNLIERIGE Yy D RAEE TR BB R g Ik R e i 2
IFE R (A 1), BUREH, HNEEAFSEE Asy B, HRE

HAl, KB B-01% NRBNFT R frfe s — 2 mINXE, X e B AT 1k R B

)J\ > AN N
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Fig.1 Carotenoid-biosynthetic pathways in Phaffia rhodozyma'®
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Asy i BB S8 AT 45 BR AE DR KPR 2
—o Bt cDNA Rty 14 (Rapid am-
plification of cDNA ends, RACE)f A&, M5
RIS AT IR G R S bR R R 7B12
v R R) asy FEA, JfoR A RIS EARLE
E. coli BL2L(DE3)H KKk Asy iff, MIF5Ti%
ity P At R AR, RIS SRR AE IR AR LA
JEAS I B-H14 I ($ 600/kg) M i, MiEvk & R

T E($ 7 000/kg) AR T AR, T
WA ) RN A A e 28 1 3R 8 DA S B T A A
EES, MFEAFIKA Asy B2 B AR T2
Je B S (R G, TR, ARBIF A X A% R R 1Y
Asy i iftAT T Al A, IR IR S
PACCARI16ACrtx JiukL(H7h A Wi 2 A M IRR
¥ CTERRE A SR B-0IE MRS EE, Al fl
E. coli BL21(DE3)& 1 Asy i fJEY) p-HH % b
F U IAT IR, A AR A A 1 T 8 5
(LA AL TR R TP 2 8 8 3R AR Aok % R
IR Asy BEE ARG

1 MRS

1.1+

111 E#FIFRL: B R IEEE 7B12 (E. coli DH5a
H1 BL21(DE3) FH A 35 K2 AR W) TR Bt K W5
AR, pACCARL6ACrtx 5k 2 [ Linden Z4%
oo - pET32a JF k7 W [ Novagen 7 ) ;
pMD18-T # 4k H TaKaRa A H]

1.1.2 FERXFIFNLEE: TRI REAGENT i RNA
G &0 H MRC A #](3EH); 5-Full RACE
Kit 1T AW A w (KiE); Boki e Bt & |

DNA marker DS™ 5000 Il T 4 A= ML A R
NEI(TM); TEBEA E Fermentas 23w (N4
R);, ARNHEERR. ABR. IMERWBES. B-H
B N EFRAESLIGT Sigma AR (GEE); IPTG g H
Biosharp Al (FEH); ksl g . HEE, DSk

WA B TEDIA 2w (&), Hog it o =
Sy Hraii ) . Eppendorf ([¥) 5331 PCR ¥:
Waters (32[E) 1525 SaitH AL, BIO-RAD
(%) Powerpac™ basic & FHLIKIY; iR
JS-680C 4= [ 3l & B AR 4r BT A, T W L
JY92-1IN 75 I 40 MR R AL

1.1.3 EFEMBEFEZM: Luria-Bertani (LB)K:
FRIFT E. coli BYE5 7%, BRI N 37 °C; F it
B EE TR RE AR, SRR R 22 °C,
LB 5373 (/L) BRER R 10, BERRE 5, NaCl
10, pH 7.0; ZZITHFRHE(QIL): 223 Irmomn e 2k
4 4° Brix, pH 6.0, [E{ASEFREMIE# 20, #%
M E. coli WIEFRTE, PrARMES IR 2R
T % % (Ampicillin, Amp) 50 mg/L, & & &
(Chloramphenicol, Cam) 34 mg/L .

1.1.4 514 MR C B R BERE asy HEP
(Accession No. DQ002007.1), #l|FH Primer Premier
5.0 &5 19(F% 1), Hr 3' RACE R1 il
s£514%), 3 RACE R2, 3' RACE F1, 3' RACE F2
Ml 5 RACE R1. 5 RACE F1, 5 RACE R2,
5' RACE F2 435 4738 asy H:[H cDNA [ 30
5% A 514, 3' RACE R2. 5 RACE F2 44
asy F[H 4K cDNA, Full R, Full F ] T4 1 asy
FEPR A TR A, T S a I A
1.2 EkEER asy BREBTEE

121 % kEf 5 RNA BYIEEL: HiE TRI
REAGENT & RNA 4 Ha7) & 0 FH Ul B £ Gk
FIEEEE RNA, RS RNA FUE A s — 4
cDNA %%,

1.2.2 asy EE 2 cDNA FHIM=E: L) 1.2.1
331 cDNA HEMAAR, §734 asy P cDNA #Y
3, JTIESIEOCHER[12]. #RYE 5'-Full RACE Kit
FHULHE, 3545 asy X cDNA # 5%, 322 LA asy
FEPH cDNA (1) 3%l 5751 iR, 3" RACE
R2. 5" RACE F2 J5| ¥ 178 S PCR, 3k1% asy
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£1 3IWRFS
Table 1 List of primers

Gk s 52 KA IR 1 P T A7 5
Primer Sequence (5'—3) Size (bp) Restriction site
3'RACE R1 CAGCTGTAGCTATGCGCACCAGTTTTTTTTTTTTTTT 37 -
3'RACE R2 CAGCTGTAGCTATGCGCACCAG 22 -
3’ RACE F1 GATCGCTGGAGCACCCGTCT 20 =
3'RACE F2 ATGCTAACCGTGAATGCT 22 =
5'RACE R1 CGACCCAATCCTTTACATC 18 -
5'RACE R2 AGGCTCGGCAAGTGGGAT 18 =
5'RACE F1 CATGGCTACATGCTGACAGCCTA 23 -
5'RACE F2 CGCGGATCCACAGCCTACTGATGATCAGTCGATG 34 =
Full R CCCAAGCTTCAGCTGTAGCTATGCG 25 Hind 111
Full F CGCGGATCCATGTTCATCTTGGT 23 BamH |

HH4K cDNA, BE& PCR N Z&fF: 96 °C
6 min; 94 °C 1 min, 50 °C 1 min, 72 °C 10 min; —
MERGIMAGI4 3' RACE R2 #15' RACE F2,
96 °C 6 min; 94 °C 1 min, 62 °C 1 min, 72 °C
3 min, 3£ 30 MEEF; 72 °C 10 min, ¥ asy H:A
4K cDNA 5 T #fk pMD18-T #i#, 75 %
pMD18T-asy JF i,
1.3 FTIEFIK pET32-asy RIHIE

DLk pMD18T-asy WAz, Full R, Full F
JG1W, YRS asy SEREFFIRIEAE TS . R I
FEHIF BamH | Al Hind 1BV, SR)5 5 & FFERR
il PE A DI RS2k pET32a HEAT 1R . Hefk,
3R 15 4H ki B pET32-asy . ¥ pET32a .
pET32-asy 735 A E. coli BL21(DE3)R# ¥k,
FIH Amp" BT, 153 BL21-pET32,
BL21-asy Fitk.
1.4 EHERBFRIEFARE N

Ki3% BL21-asy WtK, 4 ODgoo {HiA % 0.5 i,
A 05 mmol/L IPTG, 30 °C %S 5 h, LU
BL21(DE3) {4, BL21-pET32 & #ki% 1Y HiiA,
BL21-asy RIS HYRMAAE XTI, WA WHT
SDS-PAGE, fuillfh & & HRIA

http://journals.im.ac.cn/wswxtbcn

W4k BL21-asy WK FHIRIE SRR K, R
FHAERS B RN, BERESRIE: TR 200 W
7 3s, [A]fE 5s, vKinHA 10 min ZL0HE T,
UUVEM 8 mol/L WIPRER R, B ORI i &
DUVE, #ixer=9i1T SDS-PAGE,

1.5 FES&FHRRL

X BL21-asy B REIET 1175 SR (16 °C—40 °C)
K PTG ¥ (0.1-1.1 mmol/L)ftifk, BORiES:
A TRAARABO B, A DN AT 5 P 5 2 1 R I 1L 1Y)
HESI 14,

1.6 pET32-asy 5 pACCAR16Acrtx HyttiEik
¥ pACCAR16Acrtx it ki = A E. coli
BL21(DE3)FtkH, &Ik BL21-A16, FRHL
CaCl, Bl i 21 1 o R ] RSz AR A, e fe s
PET32-asy Jii ks LB % Z S, 2R H
Amp' I ChI" (BT AR i, 75 21 24 A T ik
BL21-Al6asy.
1.7 EPEE MRS

B #% BL21-Albasy B KR, WS B M (LU
BL21-A16 FYEEIANXTIE) 0.1 g, A 1 mL JoK
CEEAEHL, B, W, RSSO ik ik
(HPLC) /AT KA MR- WAh e, ks
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SCHR[2].
1.8 SR

HR 4k SensiAnsys BEE IG5 BT A4 HL K
FIfSE] Asy FfilvA 25 05K B R 8 1A 8 28 1 1Y)
B, DITTER Asy Rl 28 A v L g3

Asy il 8 R AT I L 1=100%x L3
Asy FlA R AIKIEI(E S Asy Rl R 1K
JE+UTTE T Asy Bl & B H K

2 HGiR550H

2.1 kKEEE asy EFE cDNA £KFFIHITE

% 3" RACE ¥:Fil 5 RACE /209l 1551
1.7 kb #1 0.6 kb By~ B, “RIHES PCR 4%
XA B, 584K 1 971 bp A9 asy LAY
cDNA JF%1(Accession No. HM204708.1), iZ/F 41
55 H AT HE 0 —— 5505 R WEREY asy BRI
mRNA /751 (Accession No. DQ002007.1)—Z 435
# 97%. 1 F] NCBI /i) ORF finder #/F-%H % 741
R T ) TS AE A 7 53T, IR i 5 PR ) T e 135
HEK: 1614 bp, 4ifith 538 M KERR, Hoh 5/ AR EIF
X (5-UTR) K 17 bp, 3'3F %% X (3-UTR) K
340 bp, Asy FFHY53F1 294 59 kD,
2.2 asy ZEEMFRIEFAEES

18 30 °C., IPTG N 0.5 mmol/L i 551F
TS, WERKREITRIK . SRR, 5
HEWHML, 28RN BL21-pET32 4
P JETE 20 kD b2 1 — AW AR 1 2 (] 2,
TKiE 2), s THEA/NS pET32a ik bR
3 AL R BL21-asy 7624 70 kD AbAG W
WRIFRIR A (K 2, JKE 4), KPR/ asy %
[K K¢ pET32a i MAike ify %5 i+ F1 22 se e (o i [A] /7
FIRIRLG B A —3, N 3 Rt BB AEXT N
NEBICI A, IE Asy Bi&EFTE E. coli
BL21(DE3) {155k,

TERZ R IR BT, S RS G,
G A S E AR, AR BA A
TEPE S X AR T REAN Asy AlA R H AT
PESHAT M, IR AR P i e 00 S5 1) B3 v
HAELEMHNEARE 3, KB 2), LYK
RIfi)a, AKERHNE R RE 3, Ik
18 4), [l R RIS R T UTTE ik & A b
HHHMEA (R 3, i 6), ML Asy @id
AT LRESFMAT EEUAWRMNIE A
TE, T2 A — Ak, $5 Asy Als
HEEPTEME,

23 FEEFHMMHK

IR R LR A5 R R, Asy
A B R T LU B AE 22 °C-28 °C I
AN S . PR, $E#EAE 22°C. 24°C. 26 °C
1 28 °C, IPTG 5 0.1, 0.3, 05, 0.7 Al
1.1 mmol/L R, PR RS, #17
FL KT o HL Uk &5 R SensiAnsys B K15 43
BT T 537

MR 2 FIE 4 SR AT LA 1, 78 IPTG W
AHIFIEE, 26 °C /Y Asy il & 8 1 RTE LU 4 K T

4 kD

kb M 1 2 3

B2 Asy@&EHB E. coli BL21(DE3)H HyFik
Fig. 2 Expression of Asy fusion proteins in E. coli
BL21(DE3)

FE: M: & 1 Marker; 10 BL21(DE3); 20 &5 G 1Y
BL21-pET32 Fikk; 3: Kifs 31y BL21-asy Wilk; 4: &if31
BL21-asy k.

Note: M: Protein marker; 1: BL21(DE3); 2: Induced
BL21-pET32; 3: Non-induced BL21-asy; 4: Induced BL21-asy.
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kb M 1 2 3 4 5 6

116.0—
66.2— . R
"
'
45.0— .. -_— s B I T —
35.0 — s TR THP S5 SEp w e
25.0 -

3 Asy BRAEHBE E. coli BL21(DE3)HEIATA 1%
ioal

Fig. 3 The soluble detection of Asy fusion protein in
E. coli BL21(DE3)

H:M: EH Marker; 1: K550 BL21-asy Btk aLRE
JEW_EE; 20 175509 BL21-asy TRRRE A S _LE; 3
RVE I BL21-asy BEBRE A IAIE S UTHERT 8 mol/L JRE
BHEG 40 SFT0 BL21-asy PR P I IS T TE 1Y
8 mol/L JREZWEHRI; 5 A FHY BL21-asy B Mk FITTHE;
6: 5511 BL21-asy A RIR)E HITTVE.

Note: M: Protein marker; 1: Supernatant of non-induced
BL21-asy; 2: Supernatant of induced BL21-asy; 3: Supernatant
of non-induced BL21-asy pellet in 8 mol/L urea; 4: Supernatant
of induced BL21-asy pellet in 8 mol/L urea; 5: Sedimentation

of non-induced BL21-asy pellet in 8 mol/L urea; 6:
Sedimentation of induced BL21-asy pellet in 8 mol/L urea.

HERE A, 26 °C I}, BEE IPTG ¥R
B Asy file B AT LR BT R,
MOIPTG WEE R 1.1 mmol/lL Bk E, AN
99.80%, {H LI Y PR AR BEAU A X BB (26 °C T,

REFEFH BL21-asy WA EE)Y 5.0%, 5 &3
TR AV E B AT PR R B Y L X S A
HEALTMRISIA S MR RsEm, Bt Ry
WM 26 °C, 0.5 mmol/L IPTG (R :Fl
G BTk 83.7%, BRARHREE XTI Y 46.0%),
K% 5 h,
2.4 HIEBYEHKTEPE MRS

FIFH HPLC #4510 BL21-A16 HtkAYZSH
NP, SR NOR, TELREEIT ]Sy 35.68 min B
HE—ME(K 5D, I 1), ZIES p-IE b Ex
HE 0 B B ) (B 5A) — B, H b e
PACCAR16Acrtx Jii % iy 32 15, BE ffi E. coli
BL21(DE3) & i B-iA% M. L4h, 7Kl 5D
U 1506 1 B EAE, X ASE B N Kb
1) 3 SRR - N 2R (Cog SOMH i BACRARAT: 1Y
FE AR SR T ) . R
HPLC yE#E TR L% fL T Pk BL21-A16asy {7
27, SRR, &5 n LR R
B NEMREA T AR, B, SRR
PREGE ST EE RAR L, LA TR (i B A O
BE A Ry 27.00, 29.20., 33.37 min & H 3 il
(B 5E, W5, 4., 3), VMR ™4 T8
FKEAE NRY, Hog 3 iRt RS B-FREt
JERRE S (B SC) Y H IR IR]— 2K, T B-FatsE il X
= B N R R T R E e, T
Wiz G EE AR B8 MRWTENE HIX,

R2 AELEEM IPTG iREX Asy B&ERALAM LB 52 0E

Table 2 Effects of different temperature on the dissolubility of Asy fusion protein at
different concentration of IPTG

IPTG #k &

TR S LAY B

The percentage of soluble Asy funsion protein (%)

Concentration of IPTG (mmol/L)

22°C 24°C 26 °C 28°C
0.1 23.17 66.35 70.35 39.65
0.3 27.58 78.24 75.44 12.32
0.5 34.91 69.73 83.73 20.52
0.7 24.82 84.01 91.88 86.88
11 22.06 91.91 99.80 6.68
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kD M 1 2 3 4 5

116.0

66.2

6

7 8 9 10 11 12 13

Bl 4 26°CHIPTG IREX Asy Bt & &R ANA M LLGIR N
Fig. 4 Effects of different concentration of IPTG on the dissolubility of Asy fusion protein when the
induced temperature is 26 °C
L SEEEORIE S BL21-asy 4iffd; 2. 4. 6. 8. 10,12: £ 0. 0.1, 0.3, 0.5, 0.7. 1.1 mmol/L IPTG 55 BL21-asy 4l

R I BT 3. 5. 7. 9. 11, 13: 40, 0.1, 0.3, 0.5, 0.7. 1.1 mmol/L IPTG 551 BL21-asy 4iMua ik 5

LI

Note: 1: Intact cells of BL21-asy induced with 0 mmol/L IPTG; 2, 4, 6, 8, 10, 12: Supernatants of BL21-asy induced with 0, 0.1, 0.3,
0.5,0.7, 1.1 mmol/L IPTG; 3, 5, 7, 9, 11, 13: Sedimentation of BL21-asy induced with 0, 0.1, 0.3, 0.5, 0.7, 1.1 mmol/L IPTG.

PRI S o5 2 N 2RI 20 I g 17
Il 2,33 25 SR B E. coli 3k 1 nl i 1 Asy
AGEHBEA R p-IE NRINAES, HREMNE
LR B-FR B BT LU R, 2 TG M55
3 Wik

AR RACE 15 B R EEEE 7TB12 FbkH
IS E] asy KLY cDNA, FRg 1S 3 E 4
ki pET32-asy A5 HAEAL, )5 LB asy MK
fE E. coli BL21(DE3)rfig K&3Rik, @il iifb
Asy Fill & 17E E. coli BL2L(DE3)H iy al stk
ik, KGR R A B e R B 85%, Hi
K H HPLC IRl % AL MR AR AL A5 1 T BE AR A
IS NR AR, 45 R AL A bk
s (& SE)yFF 2 T 3 MRFiELE, H R
B4 33.37 min AUERAEIGERT R B4 TR B-Redk
FT(B-5A % b ZEBNURE R0 EERA ), Ui
FIKMW Asy EEAEAFRL BT MR
PE. Ojima % [FIFEAE R P4 B-iHE M &Y E. coli
HRIR T IR RIERE (Y Asy i, 455 KB AL bR
JERGHIFE R, AW T B-HE N RECIR
T 2 P ] i R, S 5 A ST Y

SELAML. EAh, fEILEE AL RAR IS S N R
Prrpkr il A2 o-H 3 N R BRI, SRR AT R
Asy Fl G B EE X B-5AE N R MY /R
MP=A 0 -2 N AR R =8, X
—JOR R AR R A, SR AR
AN o-BE MR B-BIEE SRS,
a-fH 2 N R AEFIEVERE IS T, Xt I ThT S T
Asy fil & R EA
2006 4F, Alvarez S5 RIERE asy FEH 3 A
RE” B-IE N RRBE TREN, % E
R B-HA N 2R AR Bl o I AN T K B
T, DRHHEN Asy Mz /D BA BRALRYEhAED, ix
SRS R L5 R —5. Martin 281 Ojima
BT H K PR Asy T 55 A5 I (5 2 P450 AL
(9 3MERIEZE K, R, Martin 2542 1 Asy il 7E il
PR N it R R ML (53K PAS0 A i i (Asr) 4
WIS, T Ojima Z5:7F E. coli rhL[A] ik T asy
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Fig. 5 Detection of carotenoid species in E. coli BL21(DE3) strain co-transformed with
pET32-asy and pACCAR16Acrtx
Vi A B-BI N EbREN; B: UM R bR C: B-FR B Bibnifi; D: KBS0 BL21-Al6asy; E: 1531 BL21-Al6asy.
Note: A: B-Carotene standard; B: Astaxanthin standard; C: pB-Cryptoxanthin standard; D: Non-induced BL21-Al6asy; E: Induced
BL21-Al6asy.
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