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Isolation and Structure Determination of Two Astaxanthin Type
Carotenoid Glucosides from a Marine Bacterium.
Production of New Carotenoid Glucosides
By a Escherichia coli Transfromants

Akihiro YOKOYAMA

New carotenoid glucosides, astaxanthin f-glucoside (1) and adonixanthin 3-8 —glucoside (2) were

isolated from a marine bacterium Agrobacterium aurantiacum, and their structures were determined. We

constructed plasmids having seven carotenoid biosynthetic genes and succeeded in the production of

new carotenoid glucoside, astaxanthin f-diglucoside (3) together with presursors, 1 and adonixanthin

3’ —B-glucoside (4) by the transformed E.coli. Those new carotenoids are expected to be useful as

water soluble carotenoids.
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diglucoside &7 & @ astaxanthin £ 4 707 R =7V VZ) WFEED Ly, BEO s/ A F
T4 NEEE A KB R i & DAY THETE 5] EEREETELZHADE L I A I FREEL, X
MR RE LTS, 4H, chbha7 /1 FEHE BETHRBIRAZ L LD, L&MW1 T
BDEEDRL E LTRBIY (2 FY) vy 71V R OFR H v 5 ) 1 NECEEHE astaxanthin diglucoside

HOH.C o
1 ! astaxanthin 8 -D-glucoside Ri=Glc,R.=0,R:=H L
2 @ adonixanthin3- g -D-glucoside Ri=Glc,R.=H,,R:=H HO OH
3 ! astaxanthin 8 -D-diglucoside R,=Glc,R,—0,R:=Glc HO 3"
4

: adonixanthin3’ - §-D-glucoside ~ R,=H,R,=H,,R,=GClc Gle

Fig. 1 Structures of new carotenoid glucosides 1-4.
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Fig. 2 Functions of carotenoid biosynthesis genes of E.uredovora and A.aurantiacum.
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7&K (500ml), Za#gAk (500ml) OMEE (pH7.8)
DHDOEMG, 20C, 4 B p—F ) —v 2 —h—
TR LI,
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M2 RA
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fH % kB ¢
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Fig. 3 Structures of plasmids containing the
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E.wredovora crt genes (pACCAR25 and

pACCARI16) and the A.aurantiacum crt gene(s) (pAK916 and pAK96K) .
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(2] Astaxanthin glucoside $8MDE - #iERE

(1) BBESW

UV-VIS %7 b ik, UV-160A (&E) KT,
CD A7 b it Ety;O-isopentane-EtOH (5:5:2)
T J-600 (BHAZN) HIEL7z. NMR (Z Unity-
500 (VU 7v) %72, Lambda-400 (AAEF)
WTREL. BaMiE~ A A7 bv (HRMS) &
IMS-8X102 (HAETF) ZHVFABE— FTHIEL
720 TLCiZ silica gel 60 Fay (A7) wIMAEE L,
CH,Cl;-MeOH (9:1) %REEWEICHV TT- %,
HPLC #7132+ 8010HPLC & 25 & (BEV —) KT,
7 4% TGKgel ODS-80Ts (4.6X150mm, 3 Y —)
RV, BEEA [H,O0-MeOH (5:95)] % 0-5 4,
WAL LHEEEB [acetone-THF (7:3)] oV =
Ty bR 5100 BEBDARI0-1745 0T m
J 5 ATy g 1l ml/minTER L470nm ¢ & = & —
L7,

(2) BFMEHRED astaxanthin glucoside M BB

Glucose BE 1 X OoFEMISLE* A TEELL
A . aurantiacum BAE% 5.0 BEWCTHE L. acetone
THH#., EtOAcH,0 B %17 - fco EtOAcB%
Na,SO, ThiK, #EE, ¥V W55 4 [CH,
Cl,.-MeOH (9:1)] &5l &ft%, HPLC [ TSKgel
ODS-80Ts, 7.8%300mm, H,O-MeOH (5 : 95)]
CHELALEW 1 %22.3mgff e, &< FROBIFI X -
T glucose IBFE0.2% DIEHLISL A — A THEE L
LEE L VIS 2 #$90.6mg Bic,

(3) fRiRx KESEDLEFET % astaxanthin diglucoside

D H

MBE2AAXIZLEER, BO0B L. HiE%
acetone 5 X (F acetone-MeOH (7 :3) &THilt -
BAEE. 80%MeOH & n-hexane T4l L 7o 80%
MeOH B4 % v U h X vh 5 4 (CHCl;-MeOH/
8:2) WTHHL, 2H5 %%, &4 HPLC
[TSKgel ODS-80Ts, H.O-MeOH (5:950r 1:9)]
CHELIEE® 1 (4.2mg) &1LAY 3 (2.3mg) %157,
M2 AAB D121 OFEE A >\ T HRERIC, i,
SN YU AH A S ARITV, HPLC [H,O-
MeOH (5:95)] X v{bE#H 4 (1mghF) %745
120

3. BRBIUER

(1] BEFMEEHRED astaxanthin glucoside
EAHEBMEK O HPLC oick T, 1baw1 &
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20EGRENI T /A4 PR LE410.5% K L O
3.7%TH > 1o
L& 1 ORI DRI A 1T benzene 1 2 max
487nm T, HRFABMS m/z [M+H11759.4474
(cald for CyHgQg, 759.4472) X Y astaxanthin O
T ~FY - AFEREHES W, 'TH-NMR D7 —
£ % Table Wi~nd o, —HDx Y N —7 (primed
number) (¥ astaxanthin @ 3 ~hydroxy—4 —keto- j
a4 7T E =B Lk, 85 —HOoz VY FIv—F
(unprimed number) } 3 —substituted- 3 ~hydroxy
—4-keto-B £ 4 S EREI N, FEHSTTC~1"D
0c104.9&, CsDeFTRIELIH-1"hmbH-4"D
EEEHN 8 ~9Hz AR LI Z &by B-D-glucose
ERIELI, $loheTF /A NOH-3 &¥EOH-1"
& DO NOESY O EB R 8i#l & ., astaxanthin ®
monoglucoside TH 5 Z L BB LM & -1z, 3L,
3’ FLOMXIELE X, CD OEE M s & @ Cotton %) H
(314nm. A €-18.5) #* (3 S, 3" S)-astaxanthin
ERS—HT B EMmb, 38, 37 ShERE L,
FtkiCiL &4 2 O8O R IREX(2476nm
(benzened) ., HRFABMS m/z [M+TH1+745.4689
(caled for CuHesOs, 745.4679) T, &1 &1L
# L7 "H-NMRODF R L 9 adonixanthin ® mono-
glucoside b & HEE I Mo — DTV KA — 7
(unprimed number) {1 &£56£~% L. adonixanthin
D 3 MIKBEFEIC glucose M BFES LTS TH - T2,
CD DRER & DiExIECES 3 S, 3" RHALIRE L,
LA by A.aurantiacum ¥53EEE O SBRER S & LT,
FRAe7 /4 FEgHE4Es (35, 37 S)-astaxanthin
B-D-glucoside (1) X (3 S, 3’ R)-adonixa
nthin 3~ 8-D-glucoside (2) % Hpf - BiGRE L
o
(2) #EBZKIBEOLEFES S astaxanthin diglucoside
M2 AADOEMEE DO HPLC H4Tic 5\ T,
astaxanthin & —F$+ 45— (£¥— 27 mET32%),
bW L—BT 58— (49%). X B EMBER
TEARRAEDOE—7 (L% 3. 10%) KR Shis,
Bi&id. Lol <7z astaxanthin glucoside (1) &
TLC, HPLC, VIS, 'H-NMR TEEI—# L1,
L& % 3 O A48 5 B AR X (2492nm (CHCl 4~
MeOH/2:1) <, HRFABMS m/z [M+H]*
921.4992 (cald for CsH7zO0w, A-0.8mmu) kb
astaxanthin diglucoside @ AJREME R R & M 70,
'H-NMR (CDCl;-CD;OD/ 2 : 1 71) i, N#HH o




ik N

£42% (1998)

Table 'H-NMR data for 1-4
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Proton 1 9a 3t 4
H,—2 2.04(1,14) 2.04(m) 1.94(m) 1.79(m)
2.15(dd,6,14) 2.15(dd,6,14) 2.18(dd,5,13) 2.06(m)
H-3 4.40(dd,6,14) 4.40(dd,6,14) 4.77(m) 4.28(dd,6,14)
H;-16 1.35(s) 1.35(s) 1.31(s) 1.18(s)
H;-17 1.23(s) 1.23(s) 1.19(s) 1.29(s)
H;-18 1.91(s) 1.91(s) 1.86(s) 1.87(m)
H,—2 1.81(t,13) 1.48(t,12) 1.94(m) 1.52(t,12)
2.16(dd,6,13) 1.77(ddd,2,4,12)  2.18(dd,5,13) 1.83(m)
H-3 4.32(ddd,2,6,13)  4.00(m) 4.77(m) 4.05(m)
H,—4' — 2.05(m) - 2.08(m)
— 2.39(ddd,2,6,17) — 2.42(dd,4,17)
H,-16' 1.32(s) 1.08(s) 1.31(s) 1.03(s)
H,-17' 1.21(s) 1.08(s) 1.19(s) 1.03(s)
H,-18 1.94(s) 1.74(s) 1.86(s) 1.69(s)
Olefinic H(14H) 6.21-6.67 6.12-6.67 6.18-6.67 6.05-6.70
H,-19,20,19",20"  1.99-2.01(s) 1.98-2.00(s) 1.98-1.97(s) 1.92-1.96(s)
H-1" 4.57(d,8) 4.57(d,8) 4.49(d,8) 4.42(d,8)
H-2" 3.45(dd,8,9) 3.45(dd,8,9) 3.36(dd,8,9) 3.19(m)
H-3” 3.61(m) 3.61(m) 3.43(t,9) 3.38(m)
H-4" 3.61(m) 3.61(m) 3.41(t,9) 3.38(m)
H-5" 3.41(m) 3.41(m) 3.27(m) 3.27(m)
H,-6" 3.83(m) 3.83(m) 3.70(dd,5,12) 3.72(dd,5,12)
3.93(m) 3.93(m) 3.83(dd,3,12) 3.83(dd,3,12)

a) Data were recorded in CDCl; at 500MHz.
b) Data were recorded in CDCl;—CD3;OD (2:1) at 400MHz.

haF /A N1 TE1BEOAF Y -2 25T 0RE
WEhico A—EETOLEW 1 LORBOKR. »
07 /A FiGHE 3L, 37 ALHEH X i astaxanthin,
PEER 5713 B-glucose & —F L, {LEW 3 #HH H m
5/ 4 K astaxanthin B-D-diglucoside & &€ L1,

M2 B @ HPLC #HTic BT, astaxanthin &
—HFTAHY— 7 (54%). T HiCEBMEE S K EE
DE—2 (LEWA. 45%) PHERIhi, L4
DA ERR MR K (2487nm (CHCl;-MeOH/ 2 & 1 1)
T, FA—HA T O adonixanthin DRI & B < —%
L7, HRFABMS m/z [M+H]"745.4677 (cald
for CsHesOs, A—-0.2mmu) & ¥ adonixanthin @
~NFE Y — AFFELR L HEE S ic, Astaxanthin B L O
zeaxanthin diglucoside & @ R—§ i T D '"H-NMR
DIEgie X v, k5% 4 % adonixanthin 2 7 7'V 2
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vE Ly 2037 (IKEEED glucosyl b E M - H#
o5 / 4 K adonixanthin 3’ —8-D-glucoside & &
L7,

HME. B I¥MFRC LY, BEOH T /4 F
HEEBERETH2HALY TABHECEA LAER S
DT EIED, T OEEREN astaxanthin glucoside
(1), astaxanthin diglucoside (3) A &YW EM
&% % astaxanthin 24 7O nF / 4 NEEAER &
FETAHI LR LT,

4. %

A A .aurantiacum L O astaxanthin # 14 70D
FHaEm T /A4 K, L& 1 (monoglucoside
) mHEE-BERELL, &b, TEOInT/
A FEGPRORET 2 KIBRICHA L, £OBEM LD



B

52 Journal of TOSOH Research Vol.42(1998)

TRESVED HFE© % 2 B A% 3 (diglucoside ) %
HRE - BSE L, BP0 T /A NERIIEREAR
EHEARE I h T B P, BN L EBEL asta-
xanthin glucoside 3 d HFURILIER 2 5 v FB1EH
I EOEFIEENIIFTE, FBEREWC LD
FRBFROHE DD b BRSNS,

EEREEFD v —=v 7% X reconbinant
DNA £iffi % F\ v Il 2 OB g L 5, {CHTy
(A2RV 922V o= ) v 7)) WFEELRVES
RWBEEFED. 73 ) BEELETHTbhTn 5
D KB TOSFE00% M 2 5 HH & o4 e
BHDTOBITH %, KBLENTFEZ, REROEE
FHEORBIL, ERGODG /It & ORBETFLHIFER,
EHR WO AR LB L OFRERNTEE &
BRILD Flle7 74 v IWNEREOFRE LT,
SERORRMGFE IR,

5. &t

AT RRESHYEE AL £ 572 7 00— B
CEEDRHETET > b D TH D, AFEE 2L
TR AW R R~ B L3,
¥, BIETHE 2T X % astaxanthin diglucoside
DEFER. ¥V v ¥ — S ERRNTIET
EPER ZRABHET L OERATETH 5,

BE # Ol B o#®
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