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Isolation, Purification and Characterization of a Novel Carotenoid-Cleaving Enzyme from Staphylococcus pasteuri TS-82

ZHU Mingming', FAN Mingtao’, HE Hongjul'*, MA Hanjun'
(1. School of Food Science, Henan Institute of Science and Technology, Xinxiang 453003, China;
2. College of Food Science and Engineering, Northwest A&F University, Yangling 712100, China)

Abstract: A carotenoid cleavage enzyme with HPLC grade purity of 95.6% was obtained from Staphylococcus pasteuri
(S. pasteuri) TS-82 by using anion-exchange chromatography, preparative high performance liquid chromatography
(PHPLC), and superdex peptide chromatography together. The purified enzyme had a specific activity of 125 U/g with
466-fold purification and 2.39% recovery. Its molecular weight was 655.093 D as identified by liquid chromatography-
clectrospray ionization-tandem mass spectrometry (LC-ESI/MS). Enzymatic characterization indicated that the purified
enzyme had optimal temperature of 60 ‘C for degrading C,, carotenoids and 50 C for degrading f-apo-8’-carotenal, and it
maintained stable activity at 50 ‘C. The optimum pH value was 3.0 for degrading all investigated substrates. The K, and
Vimax Values indicated that the enzyme showed the highest affinity towards zeaxanthin, followed by astaxanthin, f-carotene,
canthaxanthin, and $-apo-8'-carotenal in a decreasing order. The metal ions AI’” and Fe’* were identified as potent activators
for the purified enzyme, whereas Fe™™ as a potent inhibitor. H,0, was able to increase the enzyme activity in degrading
[-carotene at levels of 0-16 mmol/L. Alcohol at low concentration (4%—16%) did not inhibit the activity of the enzyme. In
conclusion, the enzyme showed great acid resistance and thermostability, which makes it stable in wine environment and
provides a basis for industrial application.
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Fig. 1  Elution profile of carotenoid cleavage enzyme by Mono Q 10/100 GL
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Fig.2  Enzymatic activities of each of the elution fractions obtained by
Mono Q 10/100 GL
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Fig. 10  LC-ESI/MS of purified carotenoid cleavage enzyme from
S. pasteuri TS-82
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FAT 11.285+0.141 1.089+0.011
LN 10.952+0.089 1.04440.008

Eéqfiﬁ/l‘ft%%E‘JK,JFIIV.MJE%K%F&FJ“%B%, JEAIX B A AR S
SEM]

WR2F R, Frf2Roar b & 2R B X Y 8- R
Fh-87-HAEE NEE. B-TAE MR FOKTEI. AR AR
HEMIK A5 51915.403, 10.99, 9.846., 11.285 pmol/L
F110.952 pumol/L, i K= Mg v, 5 5 ~0.922
0.962. 1.406. 1.089 umol/ (L » min) #11.044 pmol/
(L * min) , FRZEES LR MK (AL, itk
M5 B KRE G S Sk, B imm: 1ZE IR
HE. LT MR AETMB-F -8 -FE MEMK,
{849 ) b o 6K 35 R K, B 11.2% . 11.6% . 14.6% 1
56.4%, FWIZEGXTENE RAB-THEE b &= IR IR T

TR, KGR MBS, Mp-FAh-8'-81 bl 5%
ISR B o
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Fig. 15  Arrhenius plot of carotenoid cleavage enzyme towards

f-carotene

YW T 1) BB S L P T 5 PR HE . BT JE
I 28 FRy=—3 680.1x+4.711 8 (E15) IR}
HASEIE,N30.617 kl/mol. TiHRIE [FAEPIIR IS A S b R
I E,/262.2 kI/mol 5 B w22, X e WA M A -4 IE 1
FHE SRR, PFrAFAiEEE S BRI M.

265  SEBE TR MR

R3  SRETXHBEML-NE FREEEMW

Table3 Effects of metal ions on the carotenoid cleavage enzyme
activity towards S-carotene
SEET KB (mmollL) ADREEE /1% || &BET WK/ (mmol/L) A EE/1/%
1 100.70£3.59 1 91214532
5 101.63+5.76 5 89.27+6.45
Na* 10 105.54£4.93 || Mn*™* 10 88.27+6.12
50 106.84 +4.24 50 82.51£7.09
100 105.21+4.41 100 78.37+7.05
1 101.95+3.88 1 82.41+5.88
5 105.54+5.59 5 81.99+4.76
K* 10 105.86+6.01 Hg™" 10 81.4316.78
50 108.14+7.96 50 70.36+7.23
100 101.63%4. 91 100 60.07£6.90
1 109.7746.14 1 56.49+5.82
5 110.75%6.89 5 53.4416.74
Mg 10 106.19£5.03 o’ 10 52444754
50 104.23+3.59 50 49.61£5.68
100 104.23+4.76 100 49.93+5.01
1 101.30£5.69 1 104.56+7.24
5 105.86+2.43 5 242.35+8.87
In** 10 102.93£7.80 AP* 10 329.33+8.58
50 87.62+8.91 50 324444749
100 82744524 100 303.46+9.52
1 101.63£5.85 1 111.02+6.85
5 103.91+4.31 5 123.13+7.34
Ca™ 10 114.66+7.67 Fe'* 10 138.77+8.99
50 94.5614.08 50 133.88+£7.66
100 93.16%6.61 100 129.97+8.29
1 14.66%1.59
5 7.8242.19
Fe'* 10 749+3.23
50 5.82+2.28
100 3.5843.08

WHR3IFR, KPR RT, —4rPHEFNa FIK" fE e
PEREE 7, BRRAREZE . ST rhMg Rk
JSE S B A X i T P AR F R s Zn®"
FICa” TEARIREEIS, XIS A BRI HER, Emik
FER, TR 1A B IEIE R IIAFeT . Mn®T,
He'. Cu’'J5, % /0B %5 Vi B 1 B i B, e o
Mn**, He o M i B Cu® X Bgs 114 H5
IR A, 7R BE 10 mmol/LIN , 41| 2854 5148 %
Fe? "6} B 1 (040 1 8 FH ek, 73K FE 291 mmol/Li,
R ILFI185%, BEHEWRETHE, fE10 mmol/Lif, i
HHATIK93%, BT CAFe™ w1 B s R . =B
BT RS I #E B E R EE R, AP #E 10 mmol/Li
GRS iR m A3 2, BER T HAME T IREE
R, TR B I s R AT
2.6.6  XUEIKXFRIHET b 2 2L I 520

£4  HOIWEMS-E FREEEMW
Table4 Effects of H,O, on the carotenoid cleavage enzyme activity
towards g-carotene

H,0,% %/ (umol/L) AT S 1/%
0 100.00+0.12
100.96+5.35

8 110.20+8.43

12 180.98+16.79

16 122.45+18.14

20 97.96+10.29

WIRAFTR, SR KRR B 0 B A i H
BEEHO MR LRI, B TS 7 568N 558, #£12 pmol/L
Bk B i KA, TSR B KR, AT kyE, x5
R T PR3 2 R BE PR SR TR SR A A IS 2 L A I 1
ot B —2Y, ATRE R BT IR B I HL0, T 8L H K RIS
AR P 5 02 1 0 0 AR A A T 3 s
2,67  ZEEXTREHE bR AR R

RS  LEXIEEALL-AE P REEEW

Table 5 Effects of ethyl alcohol on the carotenoid cleavage enzyme
activity towards g-carotene

LRI B % ARX BEG 71/%
0 100.00+1.53
4 100.93£1.65
8 107.48%+6.00
12 109.354+5.86
16 109.12£5.65

WRSH7R, LB I AT B3 7777 A 5k 2 5
M, 4R BOE RN 12%~16% 0, &M R T A a4
i, AW RE S RS E 1E N RAE AT, A% O %
BRI T R G R At 7 AT RENE
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B IR 2 BRBA TS-82 I = KA E b R AR £ vk [ 25
T BRI AR A Z K i S, I REHE b
RAYREGLIN, ZEEMARA-TIE N R Soh125 Ug,
AL BUNA46, HICE N2.39%, ZHPLCMHT, HiEi%
fitg e —0g, 2ifEILF95% L L. FrigalifgZ HPLC-MSH
5B, BHA TR N655.093 D, BN THUE %25 1
FEXS i (=10kD) , R [RH & BRE TS-82H1 41
BRI N RARRE T REE — TR

KT BRI CL R E bR IR &
EE 60 C, TMiAEFH T A-BAb-87-BHES Il 1) e T iR E
F£50 C, ZEFMIREIRE NS0 CLLT; BT T 5
JEW Yt i pHAE N3.0; MR P& Lineweaver-Burkyk/F Bk
BFIK ARy AT, ZEE S5 R P02 R KN RS
N BARERSUFE R > - 1Y IR > > p-6]
Fh-87-BHEF NS, KPR N EOKE > MR >
UR 2 >p-1HE N & >p-Fikh-8'- TS MEE; AL fIFe’
FE A TR CHEAL T, Fet TR A% W 1 SR AR ), A
1 mmol/L 1% Bt~ 3t nT 18§ J LT 56 42 k3G H O, 7E (%
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