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Characterization of Human B-Carotene 15,15'-Dioxygenase
Isolated from Recombinant Escherichia coli

Won-Phil Shin and Pahn-Shick Chang*
Department of Food Science and Technology, Seoul National University of Technology

Characteristics of human B-carotene 15,15'-dioxygenase isolated by recombinant DNA technology was elucidated.
Optimal pH and temperature were 9.0 and 40°C, respectively. Enzyme activity was temperature-sensitive.
Enzyme was stable at pH 6.0-9.0 for 24 hr and under 5°C. Half-life of enzyme at 35°C was 40 min. Crude
preparations of enzyme were inhibited by ferrous ion-chelating agent and sulfhydryl-binding agent. GSH offsets
inhibitory effect of PCMB. With increasing substrate concentrations, enzyme activity gave typical Michaelis-

Menten curve. Based on Hanes-Woolf plot of data, K, and V

min, respectively.

were 3.39X10° M and 1.2 pmol/mg protein/

X
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A SR} central cleavage pathway©lXl B she] Fe3h of
AVAZE excentric cleavage pathway©|TH(18-24). Central cleav-
age pathwayoll #JstE EAE B-carotene 15,15-dioxygenase
(EC 1.13.112DEA 19653 Olson, Hayaishi(22)$} Goodman,
Huang(23)9ll 9J3ted A+ EEATh Provitamin A! B-caro-
tene B-carotene 15,15'-dioxygenasecl] ]3] F E-2}2| retinal
(vitamin A aldehyde)® ##kw]o}ZIth(22,23). Retinal 4F3}=]o]
retinoic acid(vitamin A acid)® BASIY FYF o] retinol(vita-
min Ay2 wHEojdlty 3 retinoic acid: excentric cleavage
pathwayoll 42} HFAEZAE AT
B-Carotene 15,15-dioxygenasedll thst b= &AUA o]%
AAH oz FY=|Yetl, Fdge 5(25)% Lakshmanan 5(26)°1
o3 Eagge] HxEHIA Ho| A4l aides AM
o] W3t} Goodman 5(27)3 Fidge S(25)2 B-carotene
15,15-dioxygenase”} T84dol™ AW EAUYS ¥l =
3l Sklan(28)2 P-carotene 15,15-dioxygenase®] &-Jo], 2 &
Agg ks Avhd F-gake] dado] IdS-E Bedle] A
Falalr|= skt
olate] o8] GAFoE B8}l B-carotene 15,15-dioxygenase
A5 93 7hdeta JEs SASAEE A E-E
A Rk FARTG AAANM g F Ue Ehe] W2 E4
o2 sty 1 E83 Aol ofE&o] A=) ol
B AFAES B4 HY NS 98k ot 24
PHES ARMIARE B33t Be Ako] L85 B3
radioactive B-carotene® 71&Z
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AHE-3lE W (25,29-38)0] ZH LM thin-layer chromatog-
raphy(TLC) %3 alumina column chromatographyE ©]-8-854
retinal®} B-carotene® H37AL 319 TH25,26,29-33,39). ©lF
ol high performance liquid chromatography(HPLC)E ©]-8-5F
W (22,34-38,4042)0] AMHAA T B Fe] FEo] €a
B3 FZI AN HFAHEH Bcarotened] AHEle} oJAASE
AL F Ae FAAEC] A HAYTK3S). ek & dT
o= WA} Bcarotene 15,15-dioxygenase®] &4 42 #3
wWEHAE MY AEAUE AUy d9sigen, o
Aol e Al felie] {3A; A3 Bcarotene 15,15'-
dioxygenase &l th3t WHE-EAHS AHEL BANSES A
aske Aol e patern 7 SHHTH

Tz W W

AWEEX W Al¥

B-Carotene 15,15-dioxygenase®] &4& A3y ¢sld
shaking water bath(SWB-03, (F)H|©] 2.9, Korea), micro-scale
high speed cenfrifuge(Micro 17R+, GF)&dol24, Korea) 5&
o83t}

B-Carotene 15,15'-dioxygenase®} 712E AR} all-trans-B-car-
otene, retinoids TEE 3 activator® AHE§ sodium cholate,
dithiothreitol(DTT)2 Sigma Chem. Co.(St. Louis, USA@IA T+
PR o FIAE AMS-E tween 402 Aldrich Chem. Co.
(Milwaukee, USA) A& AME-3I%1aL, T Aol ARG
72l BCA Protein Assay Reagenti= Pierce Co.(Rockford, IL,
USAPIA 73t AMgslnh 28] HPLC 48 9% &
e 25 HPLCE E3A19He AR-8lth

o 99l Aok EPEF ol Alekg ARE-slsT).

B-Carotene-15,15-dioxygenase W8 % =F4 M=

B Ao AR Bcarotene 15,15-dioxygenasex= AFEe] B-
carotene-15,15-dioxygenase ¢cDNAE X33 pET-15b HEHE
ol FAAE A Baold, it ¥F = BL2I(DE3)
2A pET ¥EjAl2lo] 4= lacl repressor 2o 28]
gl wao] Sl s%lch BA, 100 mg/mLe) ampicillin
& Ffdhs 500mLel LB WAl 3 wiFst widE 5 mL
g HEANZAOH, 37CAA wiFE #5600 nmollA e} £
%= gke) 05-060] F #, I mM IPTG(isopropyl B-thiogalacto-
side)2 A4 WAL FESIAL 30°ColA 34A17d wigEk ). w)
Fd 72 94 7o s, et #AE 10mL
AZ=8-HS0mM Tris-CUNaOH(pH 7.6), 100mM NaCl, 0.05%
Triton X-100)00l4 2¥HAIZ] F 0.5 mL protease A 3|A] Ztel|Y
(cocktaily2 HsHet @5 AEE 22898 sl &7
A, SFES 12000X gl AR Ele EdE H3)
A} Fu)E AE5Ao] ammonium sulfateE 80% FEE ¥3}
AA S Ee FHAZZ 8,000xX gl 1087 Q4lEelsld
AAES FHsoH, ol FHAZRS —70°C ol3lilA B3
A 2EA BT ARSI

BAUE LHE FEHEME PI8F HPLC HF X2io] M
FAR AZxF 7Tl oste] hFAPE Bcarotene 15,15
dioxygenaseol] 2)&led WAEE retinoids ¥-41& £1% During ¥
43)9] 84 24¢& - -w¥sgd. &, AME-§ HPLC pump
£ Shimadze LC-10AD(Japan)°]%1 o™, H2&7]= 380 nmE XL

Preparation of 160 ul. enzyme solution

Reaction medium without f-carotene, o-tocopherol, and tween 40
were placed and preincubated at 37°C for 5 min

Addition of 40 uL of substrate solution
Enzyme reaction was conducted for 60 min

Reaction was stopped immediately by adding 53 pL of 35%(w/w)
formaldehyde and the mixture was incubated at 37°C for 10 min

Acetonitrile (500 puL.) was added and the mixture was placed on ice
more than 5 min

Centrifugation at 10,000 X g (4°C for 10 min) was done and then the
supernatant (200 pL) was directly subjected to the HPL.C system

Fig. 1. Standard method for the assay of B-carotene 15,15'-
dioxygenase (EC 1.13.11.21).

et AME-EATE ©]Fd-2 acetic acidE AME-3] pH 4.65
2 HA% acetonitrile : 100 mM ammonium acetate = 90 : 10(v/v)
€ o]8EAL, 42 ImUmin2 2 ZA3ACE Columnd
Nova-Pak C,, Shim-pack CLC-NH,, Shim-Pack CLC-ODS$}
Shodex silica C,-5A°] retinoids ¥EEEFES BAsld 714 £
& peak pattern® 22! Shodex silica C,-5AE 4431t} B-
Carotene 15,15-dioxygenase®] B4& F4357] 98l 1A 2
309 sampled A|Z35}H HPLCE ¥-4{siaich

B-Carotene 15,15-dioxygenase MHd#% % THYE X3k

During 5(2,43,45) 2 Yeum F(46)2 Wig #islo Fig.
13 Zro] EASAHZHE 34t B-Carotene 15,15-dioxy-
genase®] 71L& B-caroteneC B4} X|-gAJojt} weEbA] 2&A-
T84 EFAlE Wol ARl emulsion systemollA] Wkg
& F=8Mh Activator B0 2= 0.1 M N-tristhydroxyme-
thyl) methylglycine(tricine)-KOH buffer(pH 9.0), | mM DTT,
8mM sodium cholate, 30mM nicotinamide® &¥sto] ALg-8}
qon 728N 45% tween 40 &4 B3AZ) acetone]
75 nmol all-trans-B-carotene™} 0.5 wmo! o-tocopherol2- 884417
167TuLE #3 F Ax 7122 S9AA 2 AFE 1mLe
FRTE 718l 7R AR ol delA EuHjE fAE
S AMR-EtE, WA AfzE E49Y 80ule) activator £ 80
uLE Egsl ZAA898 A2 O, o] §A4e 37°CAM
10% &< preincubationd}il 71A88-g Hrlete] FANIEE
Alzkalel, 6087t 9F&A1Z] F, 37%(wiw) formaldehyde® 50
HLE H7isle W& FAAZTE 1087F incubationdt ¥, 500
UL acetonitrile® #7}8jed 7akA] ZREAIZA SR, 4°C, 10,000X
goll A 1087 FHEEsle] 489 200 uLE HPLCO| FY3}
of AREASAL A7 BE AL vellow R slolA &
glgro e nE wkg-Ee| dlof 2|3 isomerizations} degradation
& #HAislslqrt

B-Carotene 15,15-dioxygenase &4 1 unite: HAvHE-S 9%
Hz zA slolA 1B B9 1pmole?] retinole A4tsheE 59
07 Hojsle] B dA-poMe] BAEAAEE ALEEe™, Smith
S44)2] ¥hle] me} bovine serum albuming FTETHEAE A}
£8te] iz gherg 2 s
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Fig. 2. Spectrophotometric scanning patterns for the
determination of optimal A, .

@®: retinol 4.36 X107 mol, V: retinoic acid 4.15 X107 mol, M :
retinal 3.52 X 107 mol.

B-Carotene 15,15-dioxygenase ££52{8} 17
5884 uke S48 ARy Y3 K, 2V, ¥
Hanes-Woolf plot ®'H& ©]&3l AR 3Tt

#n 3 nE
Retinoids Z&® ¢I#t 2,2 3F

4 E49 retinoids®] A, 5 78171 814 retinol, retinal,
retinoic acid® Z+2Zt scanningdt] Fig. 201 YERAICE Retin-
oids 585 1% H=29 s el 380mmE ZHE Ut
t}. =, retinol, retinal, retinoic acid =% 300-400 nm %2 %ol
A AT F HEREEE], B-carotene 15,15-dioxygenase®] 52 A
AHER] retinalell £3& 9500] 380nmE FHA9 A = AF
siodch. welA] ol e F4& 380 nmollA] HAIEFAT)

BAUE YLE HEREME PI8F HPLC Z¥ 72| HE
B-Carotene 15,15-dioxygenase &4 HHS-o)] 2|8l WA &
o7k EHEE HPLCE o|&3le X3 93 24&
4359t During 5(43)2] 278 Wysle] 448 A
5 BAHL 9% 28 RHALZA o]EHmobile phase)
acetonitrile : 100 mM ammonium acetate =90 : 10(v/v), EEEE
(flow rateyx= 1.0mL/min= 23} oW, Fig. 3@ HF &
A z7810A retinoidsE Shodex silica C-5AS #2413 ZA2
] retinol, retinal, retinoic acid £4& ¢33t WE-E A 7Kreten-
tion time)°] Z+z} 7.08, 8.74, 64883 72 YeRH Stk

M=gtE &40 #M =X

B-Carotene 15,15-dioxygenase®] A& 9%k B2 A7} 3
SAZARE SREA Ao e A7 f1%Irh24-27,34,38).
A, B dFMe 27)6e AZxd Ve 58l §48
AAstE, AAE 90%ol e 48 REesld AEL s}
ot zEd, AAE 34 9ES AdS = AT EA
42 JepR] Zdedl, ole o2 AFoAE B-carotene
15,15 -dioxygenase”’t &AWl $loIA cofactort} 71€} R 38}
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Fig. 3. HPLC elution profiles of standard retinoids and the
product from B-carotene 15,15'-dioxygenase reaction.

a: mixture of retinoids, b: blank with distilled water as an enzyme
solution, c: enzyme-catalyzed reaction.

& 2471 Basithe BAE folslofd HadS £4
Al wEA], E4 B4l FEgL riXE 8UEd W |
T7t 8] YRR grota] ¢ AAE B-carotene 15,15
dioxygenase®] &L E7Fs3 Aoz AHEHIIT old
B dAPoM= ¢4 AAEY 847} ol ammnium sulfate 3]
ARG ety AHAEZ dojl FEAAE crudedt 4
Ble] §48 AMIHOZM B-carotene 15,15-dioxygenase T4
Ag #eld = AU} Fg. 3)E ARgEL sk A4
He ARL #old AxE A, retinold} retinoic acids9 A4
B IHHA o retinal?t BAGAI7IE AR HHEEHAG-
ol gt AMHE B Apoa] AMESE AE2FELE P-carotened
7122 AM-ElA retinalTHS AJAFSHE B-carotene 15,15'-dioxy-
genase-& 3Nz Zloly ThE A8 L¥EA S
< AARBIATE B3 Fg 4 SRTE ARSH dl=FHPLC
chromatograme Fig, 3(b) Z:2)7 &40 A4S whgA7k] w
2t YJeRd Zlolt} whe- 3 2x)7bo] AUpHA HEHo| =gd-S
gl ow, gztola yhge] dojux] g oz B
ZEggol 2sled 7]AQ Bcaroteneo] AEH HEA] PSS

glstaict.

B4 BH0| 8t S4E50 AY

BA7IARES 2T Al7re] AU AstE. &, 2 o
of| 41 A28+ B-carotene 15,15-dioxygenase’= WH-AUAJE Q] S
of ot Aal, A& F7t, G40 A8 Fo ue)
S &=7F AstdEc) wahA, §4 84 S Ert Y -
F3lo] o)27] Aol £%, =, 2714 X (initial velocity) 77+l 4]
ZAsokqt 3= vl WA g4 FEo] Wi FFHe] nigEe
T Foloditt Fig. 5 B 62 Sadiide] ¥E& 50-350
Hg/BO uLALeA B ZpolE oL A Adelth AxH

Z 2
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Fig. 4. Time course of B-carotene 15,15'-dioxygenase reaction.
O: reaction mixture, @: reaction without enzyme.
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Fig. 5. Effect of enzyme concentration on the activity of B-

carotene 15,15'-dioxygenase isolated from recombinant E. coli.
@: 50 pg/80 pL, O: 150 Hg/80 UL, W : 250 pg/80 UL, V: 350 pg/
80 uL.

S8 F7IEHHEM gL $4E Zte A0E g 2 gglo
B, X AT P FARE AZke Zzh 150 ug/80 pL. 2
60522 AAYstart.

2 HIESE P BT XS

TR AZF 7%l osted ABakE Bcarotene 15,15-diox-
ygenase B/l ] ukg-2 o) Qe Yolws] 9)sted
Ao A2FE 2N 2%E 207°C7HA] 1rCTHE o s
HIPAIEA A28 24 A Fg 79 2AS de
F AT fHA A2 710 oisted WA Bcarotene
15,15 dioxygenase EAWHE-E A% ¥ 22 40°C2 YE}
Hew 53], 50°Cel el e 80%0) 4 A@Ee] L))
g Reg dghE o)

Concentration of all-trans-retinal (pmol/200 pt)
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Concentration of enzyme protein (rg/80 pL)

Fig. 6. Effect of reaction time and enzyme concentration on the
enzyme activity.

@: 20 min, O: 40 min, ¥: 60 min, \: 80 min, M: 100 min, [: 120
min, 9 : 240 min,

100

3
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Fig. 7. Effect of temperature on the activity of B-carotene 15,15'-
dioxygenase isolated from recombinant E. coli,

B2 UER flg pH XEs

FARF Az 7%l oskd WALE Becarotene 15,15'-diox-
ygenase B WiAE A4 71F wigodle) pH g AEs)
7] #1%td pH 3.0%E pH 13.0(pH 3.0%E 7.071A%= 0.1 M
citric acid-disodium phosphate buffer, pH 8.0%-¥ 13.07}3]=
0.IM Clark and Lubs buffer& AMZ-3}3-2y7h2)9) Meolr] &
SYYEE Y 29, Fg 80) THL A8 5 AUrh
# pHE 9.00)3, pH 110X E 50% o9 4L He &
FEUY AL WAIHAUY. Y 7 FF) Bcarotene B
HES W3S 93 HH pHel sl Lakshmanan Z(26)°]
pH 738, Dmitrovskii §(47)2 pH 80, Goodman $(30)& pH
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Fig. 8. Effect of pH on the activity of B-carotene 1515'-

dioxygenase isolated from recombinant E. coli.
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Fig. 9. Effect of temperature on the storage stability of B-
carotene 15,15'-dioxygenase isolated from recombinant E. coli

after one day incubation of the enzyme at different storage
temperature and pH 9.0.

7.7°]1X]%} sodium taurocholate®} DTT Ef5loll 48] vk M=
pH 8.002 M35 TH4243,46,48). o 9] HiEo] B o7
o] A7} 2olE Holx AL TAE #E-FEF source ¥
FEANETRSY| S/ 59 AoldA ZIkiske ez AdEy,

g0 MEHHYO cfgt 2To| e

A2 23 71 oshe] Ak Bcarotene 15,15-diox-
ygenaseS 5-35°C7HA] 10°CTHE L2 7} 204 2447 5
greezor FH - A44% T a4L84YL 43 A4S Fg
9ol GERASITE. 5°CollA] sl A@g H3p G40 E4o]
g bFEA FAH= AR APHIA 15°CAAMFE =
EaEAol FHsH Ao 35°ColM= 5%elste] %
TEH oA A E4o] vehA] Astth wEbA, B A

Relative activity (%)

3 4 5 6 7 8 9 10 11 122 13
pH
Fig. 10. Effect of pH on the storage stability of f-carotene 15,15'-

dioxygenase isolated from recombinant E. coli after one day at
5°C.

Concentration of all-frans-retinal (pmol/200 uL)

0 10 20 30 40 50 60
Reaction time (min)

Fig. 11. Effect of substrate concentration on the activity of p-
carotene 15,15'-dioxygenase isolated from recombinant E. coli.
@: 15nmol, O: 7.5 nmol, ¥ : 6 nmol, V: 4.5 nmol, M : 3 nmol, [J
:0.75 nmol.

o 4] ALE-3F B-carotene 15,15-dioygenase= Holl ¢ Wizt
42 sk

FA40! MECPHAMO| gt pHel L&t

FH2F Az 7igl st AAHEl B-carotene 15,15-diox-
yeenaseE pH 3.05-E| pH 13.07}%]2] H$loA pHol tgh <
84& 45t Fg 109 32 Yepldrt pH 7.0-11.09
ool Ageae o B pH 90014 FHie] a4
$4e JERIST pH 13914 % 80%0)de] &4& Role
FAdged 242 FEEHh 2y, AEA9 pH 3.0-50
7l AAs AAste] AdEs A e pHel His) g4
Bol 7Hidhe A Jellidr) oleld A2 E B a4
= ARG g @7 sl HS ks Aoz dEYCh
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Fig. 12. Michaelis-Menten plot for f-carotene 15,15

dioxygenase-catalyzed reaction and Hanes-Woolf plot for the
determination of K and V_,.
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Fig. 13. Thermal inactivation of B-carotene 15,15'-dioxygenase
isolated from recombinant E. coli.
®:5°C, O: 15°C, ¥: 25°C, V: 35°C, W : 45°C, []: 55°C, #: 65°C.

BAEHE Mol Ll

B g4 uean g 2AR] Yk all-trans-B-carotene]
EEE 075 3, 45, 6, 7.5 2 15 nmol2 24 3ld Hde} W
SA1A Fig. 1101 YeERNRItE B-Carotene 15,15-dioxygenase®]
#4-2 Michaelis-Menten plots} Hanes-Woolf plot ¥*H-& AH-
& A= Fg 129 Z2och B a4 K e 339X10° M
2 22520 Goodman £(29)2 33X10° M, van Viet &
(492 1.8X10® M, Laksmanan F(Q6)2 6.7X10°° M, Drso-
phila melanogaster & E%€| Escherichia coil2 F32F AE2EE
A28 von Lintig $43y& 5X10° M, AFgel o] Ue
cell line caco-29] TC7 clone® AHM&3t During $(45r 1.6X
10 M2 2usidch 2 AtolAe] v, 32 1.2 pmol/mg
protein/min® & AHEE 9108 Laksmanan 5(26)2 37°CelA 9

1.8
e
% 1.2
g
<
D os
b (
0.4 r
0.0 L A *—
0 10 % 30 :4.0 50 80

Heating time (min)

Fig. 14. Thermal inactivation plot described by logarithmic
coefficient for B-carotene 15,15'-dioxygenase isolated from
recombinant E. coli.

A and Ao mean the enzyme activities expressed by the heat
inactivated and the native B-carotene 15,15'-dioxygenase (at initial
time), respectively. @: 5°C, O: 15°C, ¥ : 25°C, ¥7: 35°C, W : 45°C,
[1: 55°C, @ : 65°C.

nmols retinalimg proteinhr® During 5(45)2 23.8 pmol/mg
protein/hr2 B.315}3] ).

Ha0| @ oEY HE W WEWAE Ao Wd

FAx Az 71gol 2lste] AR B-carotene 15,15-diox-
ygenase?] Foll Wd <tAFAHLS ) ke 5-65°CTHA
10°C ZHE 02 108, 20%, 40%, 60%-7 &&F72oA $BH
g 3 F @ dig NS S Fg 139 AR Vet
o) 5°C 2 15°CellM 6087 I Re Bagao] A
¥slE JehiRA] gsten 2545°C7R1E Dajg] AlZke) BlE
st} gido) AT Fig. 14904 B 4= lEo] 55°Col|A
FEHE 84849 A= FAA Frlele e o
el 55°Cet 65°CHlME 108 F Aa8Ae) A uet
WA 27 98-S ¢ ik AR ARG N1Edl 9fFy
A3AHE) B-carotene 15,15'-dioxygenase®] WEA patterm 45°CE
RAZ 8l o)A SEoME HABIPAIT 55°C olF2E &
284 o] Qo olale] FHEA HhEe Aoz veldt) Fig
14914 ¢} &7) 71&7] & heat inactivation coefficient® 4t
3l Fig. 158 489t 2 43 155071 Edl disie
-3 ePy3le] Fae] Aol A9 HAEA e ¥ T A
sith, e} 25°C ol F2HE E%rt Absdel wat 45°C7H
v BE843 Axrt A3 Aesla den 55°Ce|FollA
v 378 EgAsE T S-S & 4 Uk AEFo =,
F32 AxF 71eR AFE B-carotene 15,15-dioxygenase H
a&e 1507 E A8 4852 gon, 354507 e 48]
Axrp v AR Z7HsR v ek st
@, 55°CelME olHe exolrele g AEe] Hxrt
FAEA F718le AEshe @40 A vehA] sttt w
A, B fae Wdde] Arrt B B4 8F & 9
ATk
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Fig. 15. Effect of temperature on the heat inactivation cofficient

of B-carotene 15,15'-dioxygenase isolated from recombinant E.
coli.

Table 1. Effect of chelating agents and sulfhydryl-binding agents
on the enzymatic cleavage of B-carotene

Final inhibitor ~ Relative activity,

Compound added concentration, M %
None 0 100
o,o-Dipyridyl 1% 107 35.1
1,10-Phenanthroline 1X10™* 59
lodoacetamide 1X107° 354
N-Ethylmaleimide 1x10* 79.0
p-Chloromercuribenzoate 3
(PCMB) 1X10 12.6
Reduced glutathione (GSH) 1x107° 93.7
GSH+PCMB 1x10% 100

The enzyme was preincubated for 10 min at 40°C with the final
concentration of each inhibitor before the addition of activator
solution.

B4 B0 ChEt Xalide] A&

B-Carotene 15,15-dioxygenase’= ferrous ion-chelating agent}
sulfhydryl-binding agentol] 2]dte] AsjEvtz BEIHATH
(22,25,27). W2}A, ferrous ion-chelating agent3] o,of-dipyridyl=}
1,10-phenanthroline>}  sulthydryl-binding  agent?! iodoaceta-
mide, N-ethylmaleimide®} PCMBE 5mM3} 10mMe] FE2
7Kt S We] 848 AMEaHAE 343k GSH# PCMB
g FAl Wb AlA BABA Aol 5 ARE Lol
th 2 A= Table 19 YeRAIS™ GSH7F PCMBS] A3
aHE JEATE A2 YERTh

2 o

2 dydMe 84 ARE 71sel s AlzE B-carotene
15,15 dioxygenase®] RWH§EA H &EA kineticsE 53T
B-Carotene 15,15-dioxygenase &AWH-2 3k HA 25 o
pHE 23438 Ax, H3 Lxs= 4°C2 B sen A4 pH
£ 90010tk A pH 6.09.0 B et E o, pH 11
oM 80% o]4te] S Holw ZYETA FAYE F

qct = S A A}, 35°ColM Y] EAEA R
A717F 4070 2=A el RIzRE Ao® AERIct. $HA, ferrous
ion-chelating agent$} sulfhydryl-binding agentZ AM8-3}> B-car-
otene 15,15-dioxygenased] WXv& FaFS A7 BT} Ferrous
ion-chelating agent®] o,o(-dipyridy}® 1,10-phenanthroline2 1X
107 MollA F& Aeleng HA519.2™, sulthydryl-binding
agent?] iodoacetamide®} PCMBE 1X 107 Mol|A] N-ethylmale-
imide 1X107* MolA HaAs e 4T A =+ A
Ath. EF, PCMBOY 9J& Ai7h 1x107° MelA @dol=hy
GSHell 2|3te] 2halA| a7 AAST 848 5L &
AT = AU} B AFelAe] E4WE-2 Michaelis-Menten
52 #1392, Hanes-Woolf =] whE 23,
B-carotene 15,15-dioxygenase &4 K % Vv #e 7zt
3.39x10° M 2 1.2 pmolmg protein/min®] Ao 2 AEE|QT},
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