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in vitro Conversion of 3 -Carotene Produced by Rhodotorula into Vitamin A
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Abstract Theexistence of B -carotene in the fermentation broth of Rhodotorula was identified by HPLC, and its in vitro
cleavageinto retinol also known asvitamin A by B -carotene 15,15 -monooxygenase from chicken intestinal mucosa was
studied. The optimum reaction conditions for converting 123 mg/L3 -carotene concentrate were determined to be: pH 8.0, 3.5
mmol/L deoxycholate, 0.5 mmol/L d-a -tocopherol and 0.25 g/100 mL Tween-40. Under the optimum conditions, 7 hincubation
of 2.58 nmol/(mg h)p -carotene 15,15 -monooxygenasein 37  water bath with shaking produced 40.1 mg/L retinol, with
aconversion yield of 32.6%.
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Table 1 Factors and their actual and coded levels in the Lo(3%)
orthogonal array design
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Fig.2 HPLC chromatograms of vitamin A standard and sample
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Table 2 Ls(3*) orthogonal array design matrix and results

/

A B C D (nmol/(mg- h))
1 1 1 1 1 2.04
2 1 2 2 2 1.56
3 1 3 3 3 212
4 2 1 2 3 2.53
5 2 2 3 1 2.23
6 2 3 1 2 2.18
7 3 1 3 2 2.01
8 3 2 1 3 1.95
9 3 3 2 1 2.40
K1 5.72 6.58 6.17 6.67
K> 6.94 5.74 6.49 5.75
Ks 6.36 6.70 6.36 6.60 A2B3C2D1
R 1.22 0.96 0.32 0.92 Ri>Rs>Rp>Rc
28 B -
. 451
S a0}
% 35
30
£
20+
15+ —-— B -
; 12 : ——VA
@ 0 : . s . . ;
0 1 3 5 7 9 11
/h
7 B-
Fig.7 Time course of retinol production by 3 -carotene 15,15 -
monooxygenase
7 VA
7h VA 40.1mg/L
B - 32.6% 7h VA
3
[3 -
VA B -
B - -15,15 -
VA
106.7% pH
B -
123mg/L pH8.0
3.5mmol/L 0.5mmol/L d-a -
0.25¢/100mL Tween-40 2.58nmol/(mg- h)B -
-15,15 - 37 7h
32.6% 14 Yeong
[12] B -

C30

(10

(11

(12

(13

[14]
(19]
(16]

(17

(18]

(19

(20

[21]
(22

(23]

NAGAO A, OLSON JA. Enzymatic formation of 9-cis, 13-cis, and all-
transretinasfromisomersof B -carotene{J]. FASEB J, 1994, 8: 968-973.

. [M]. : , 2011: 206-
207; 209-210.
) ) . VA B - -15
15 - N , 2007, 28(2): 25-28.

BRADFORD M M. A rapid and sensitive method for the quantitation of
microgram quantities of protein utilizing the principle of protein-dye
binding[J]. Anal Biochem, 1976, 72(1/2): 248-254.
DURING A, NAGAO A, HOSHINO C, et al. Assay of 3 -carotene
15,15 -dioxygenase activity by reverse-phase high-pressure liquid
chromatography[J]. Anal Biochem, 1996, 241(2): 199-205.
[D].
: , 2004.

FIDGE N, SMITH F, GOODMAN D. Vitamin A and carotenoids. The
enzymic conversion of beta-caroteneinto retinal in hog intestinal mucosa
[J]. Biochem J, 1969, 114(4): 689-694.
LAKSHMANAN M, CHANSANG H, OLSON J. Purification and prop-
erties of carotene 15,15 -dioxygenase of rabbit intesting[J]. JLipid Res,
1972, 13(4): 477-482.
NAGAO A, DURING A, HOSHINO C, et a. Stoichiometric conversion
of all rans-beta-carotene to retinal by pig intestinal extract[J]. Arch
Biochem Biophys, 1996, 328(1): 57-63.
REDMOND T, GENTLEMAN S, DUNCAN T, et d. I derttification, expression,
andsubstrate specificity of amammalian beta-carotene 15,15 -dioxygenase
[J]. IBiol Chem, 2001, 276(9): 6560-6565.
LINDQVIST A, ANDERSSON S. Biochemical properties of purified
recombinant human beta-carotene 15,15 -monooxygenase[J]. J Biol
Chem, 2002, 277(26): 23942-23948.
YEONG SK, DEOK K O. Substrate specificity of arecombinant chicken
3 -carotene 15,15 -monooxygenase that converts 3 -caroteneinto retinal
[J]. Biotechnol Lett, 2009, 31(3): 403-408.
OLSON J, HAYAISHI O. The enzymatic cleavage of beta-carotene into
vitamin A by soluble enzymes of rat liver and intestine[J]. Proc Natl Acad
Sci USA, 1965, 54(5): 1364-1370.
GOODMAN D S, HUANG H S. Biosynthesis of vitamin A with rat
intestinal enzymes[J]. Science, 1965, 149: 879-880.
SWENSON M J. Duke'’s physiology of domestic animalsM]. 8th ed.
New York: Vail-Ballou Press, 1970.

) , . B - -
1515 - [J. , 2004, 27(3): 70-73.
WANG X D, TANG G, FOX JG, et a. Enzymatic conversion of B -
caroteneinto B -apo-carotenals and retinoids by human, monkey, ferret,
and rat tissueg[J]. Arch Biochem Biophys, 1991, 285(1): 8-16.
OLSON JA. Provitamin A function of carotenoids: the conversion of 3 -
carotene into vitamin A[J]. J Nutr, 1989, 119(1): 105-108.
WANG X D, MARINI R P, HEBUTERNE X, et a. Vitamin E enhances
the lymphatic transport of 3 -carotene and its conversion to vitamin A in
the ferret[J]. Gastroenterology, 1995, 108(3): 719-726.
WYSSA, WIRTZ G M, WOGGON W D, et a. Expression pattern and
localization of 3 , B -carotene 15,15 -dioxygenase in different tissues
[J]. Biochem J, 2001, 354(Pt 3): 521-529.

, TUMERK, LARSON T W. B -
[J. , 1996, 8(4): 15-18.
, [J.

, 1997, 20(4): 54-59.
YEONG SK, NAM H K, HYEJ, et al. Effective production of retinal from
[ -carotene using recombinant mouse 3 -carotene 15,15-monooxygenase
[J. Appl Microbiol Biotechnol, 2007, 76(6): 1339-1345.



