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AR NR R Sv-lipS ARFFE T4, K HAEAN B 2E AT (Bacillus subtilis) "R T SRIRER, oA HBEE R ORI HAE
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Heterologous expression of lipase Sv-lipS and its application in hydrolysis of
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Abstract: Astaxanthin has a variety of physiological activities, but its most common form in nature is astaxanthin ester bound
with different fatty acids. Hydrolysis of astaxanthin ester into free astaxanthin is an important research direction to improve the
absorption and utilization of astaxanthin ester and to prepare astaxanthin ester with specific configuration. In this study, we hete-
rologously expressed Sv-lip5 derived from Streptomyces violascens ATCC 27968 in Bacillus subtilis to explore the enzymatic
properties and its application in astaxanthin ester hydrolysis. The results show that the optimal temperature of Sv-lip5 was 45 °C;
the optimal pH was 10.0 (Gly-NaOH buffer); and the enzyme activity of Sv-lip5 was higher than 55.7% after incubation at 35—
55 °C for 21 h. As an alkaline resistant enzyme, the relative enzyme activity of Sv-lip5 could remain over 70% after incubation for
48 h under alkaline conditions. Sv-lip5 could hydrolyze astaxanthin ester in Haematococcus pluvialis oil effectively. Using p-ni-
trophenol palmitate as substrate, the specific activity of Sv-lip5 was 12.46 U-g~'. The optimal hydrolysis conditions of astax-
anthin ester were: pH of 8.0, ratio of ethanol to buffer of 1:12; and the optimal enzyme dosage and time were 900 mg and 12 h,

respectively. After adding 900 mg enzyme powder to 5.5 mL reaction system, the hydrolysis effect was obvious in 1 h, and the
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highest hydrolysis rate was 98.27% at 12™ hour. The yield of astaxanthin in 200 g astaxanthin ester was 147.48 pg. This method

is high-efficiency for the biological hydrolysis preparation of free astaxanthin.

Keywords: Lipase; Haematococcus pluvialis; Heterologous expression; Enzymatic properties; Astaxanthin ester hydrolysis
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UG RAE AR AW A 202 AR RIS
JEWIERES A IR R, ZIBREE (Haematococcus)
HIRE RN 70% FIFABRIEZN. 25% A9 WL g
TN 5% MlE BB RAR IR 2 B A7 AE AL
YRR eSS KRB HRZH Yk
WANREA IS E, HAEMNEY S H ARG
AN, A5 R B8 R0 R A AR YR R
B ARG BEHLARTOSCR T, PR R R R R g
TGS UR T 2R, SRR TR 27 i il ST AT
RETE PR — D EZMR 10 . B R BRI KA S
— P 3 R A A e 1 O AT Ak
JE/KARIRE RERIE Gk, bR
SRR, SN ARARIZN, B A TR 2 i A
WEEE YRR, IF AR 20 U, il v 5%
AT RES RBUNE RIFR, IR Z R R 5™
P WS A ROV AR L K AR R
BIF=/0 . PR R e, SRR
HAREAR AN, FLLARAER) it B AR R B
Pk A RS R, g R RS R
)& SN, Sl P TR (O AT AT LA
HERf 0 AR IR R B &

BENiEE (EC 3.1.1.3) & —FP R /K fift — WL H
THERATREE, WaTHEfblER L . FRACH RN, Tl
FHARR Wi B /K R MR 2 R O A AHCHESY . Zhao %51
i e B AR RE (Pichia sp.) W28 3K BOBSCIE RS 17
T /KIS £, iR 80 /EMFLER, 78 pH
7.0, RJE 28 °C. 4.6 U-pg ™ iR £ 0.1 mol-L™
BERR AN MR A2, 7 h PIAT IR 63.29% )37
BN ER . Gao 5 TEANRLZEHIFT B (Bacillus sub-
tilis) IR T —Fpr B 955 55 i IS I il OUC-Sb-
lip12 FH TK AR R B, 100 pg ¥R R E IR E

RN 61.43 ug. WA BHFE R IR RESEK itk il
Tity ik 1) 5 R 7 2R AR SRR H , (ELAFAE B I T ¢
Ko EHORIEZ 2 MEERAY R, ik, H iy 2
B R RRCR e . R FERAT . SN E )
ORI A, DU SRR R, MRS
MF RS RIS %,

AN EAEERL A (Streptomyces violascens)
ATCC 27968 H K Hi Sv-lips ARG, &Y
FIk RGN L ZEHAT I WB800 X Hi i AT R
ik, TRGT T B o S AR 2R TR /KA P 0 g
M, 2T TS REK R, Sl T
IF B N R B A B AR 2R, AR THER S R T RE
WA YR AR A £ 2%

1 MRSIE

1.1 BE¥SHRA

S5 T ] pP43NMK kL KA 5 2 46 FF 1R
WBB800 B2 A Al 2 A S a8 s T 55
EREMI KT IR (Escherichia coli) Trelief ™50 1 H
A RARA AR
1.2 FEMRESMNEE

HRE R (MR KRBTSR 80N 10%) WA =
MEREEDHERB D AERA A, MEET
96%; HFH R T BRI T AR R A RR A
Al XA SR M AR BR TR A 1 98 [ SIGMA 23 W]
Jig D] & S E OMEGA A F] 5 Jiokr 2 He
RAEE B A AR AR A A @AiEg
PSR R BT Rk FH AR R 5 e an — 4
e . S NBEE R o Hrat,

BCM-1000 BU/E Wi fb TAE G (IR N AL 22
A]); DYY-6C AUZIRHLIKAL (AL miriis—AUEE) ),
5804R 153 & Uk 5Ll (Eppendorf A H]); Thermo
Scientific Multiskan FC fifi#R{¥ (Thermo Scientific 2
l); LC-20A mRGRAH I (HA A H])
1.3 Sv-lip5 HRERIE R AL
1.3.1 Sv-lip5 &7 547

BT A SR = TR S AR A ATCC 27968 1)
WFPas i, SRBIEA RGN R B, X T
eRERIS, WEAWAA Sv-lips. RIEC AR5
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= RS IR Sv-lips A5k B HAE IR ZR R /K A A R ] 33

B gl DNA JP8#E1 75025, (i Clustal W
AT 3 Hbxt, FIFH ESPript 3.0 Mus %51 L
XA R TAEL R Fif i, T ExPaSy (https://
web.expasy.org/protparam/) T8 IS/ T F1%%
L o
132 EafEeME

R g o i 25 PR 3) B A4 737, fif A Snap-
Gene BAFHEATHIYE (R 1),

#1 3lMigit

Table 1 Sequences of primers

T4 %%

Primer name

F1¥FF (5—3")

Primer sequence (5'—3')

Sv-lip5-R cagtggtegtogtootootoccaggccagttgggc
Sv-lip5-F taacacatgcctcagctgeagtgcacggecgggea
Bone-R tgcagctgaggceatgtgttac

Bone-F caccaccaccaccaccactgatgaaagcttggegtaatc
Tong-R cacacaggaaacagctatgacc

Tong-F gagttgctagtaacatctgaccg

DL Sv-lip5 7 BOMRRAR, FIFHER 1 &iHr514)
PEFTY G, VSRR DACsEE R ik EE A
JokL, D IEAA 5 PR HUSORL pPA3NMK-Sv-lip5, &
NS00 WB800 H &k EH .

1.3.3  Sv-lip5 #94h4t

FIHIBCRL | His-tag bR H 58 AELE & 10T
Jixt Sv-lips 2lifk, ARUAE A BT 2 2345k 20% 1)
O, KT, A 6 fEAERFIR) Tris-HCI
(0.1 mol-L™") R AR, R T 5 ZimnY il
WA BB A A AT 5 AR A T, B ORI S AT
oA o AR R BE WK Tris-HCL 22 v ik
RN, WCHER AR BE A BE i, VR4 5 i SDS-
PAGE 4 F LUK Sk 2l b4
1.3.4  Jghy B &t 2

et FHOGH HE R B At R TR A 7 B S PR U o W
HBUH & RS AN (Gly-NaOH) 28 Wi (0.1 mol-L™,
pH 9.0) 500 uLF* 2 mL EP &'+, JILA 50 pL BEHE A
20 uL pNPP JEY) (0.02 mol-L™"), IRAJGT 40 C /K
WA TR SN 5 min, JITA 330 ul 1% () SDS 2% if
WA o B 200 uL SV T 405 nm U 5E %
e,

I REREG 1 (U) BN e FE—E RN
T, B KR PIREL 1 pmol Xl 3L By
(p-nitrophenol, pNP) It il it LA — B 5

i, BI1U,
14 EBFHERSTHX
1.4.1 RiEBE AR EATEN T

B A5 S W E SRR (250 30, 35, 40,
45, 50, 55, 60 °C) | 7K A XT A HE R By A e R T
T TG P o B SR R R S M LR 100%
TR BT A A TG . HRAE R i TEAR
R (35, 40, 45, 50 °C) FUEH 42h, fEi—&
HF R PR ICRE , Bl A5 fF M B , W —IRET
PL 0 h % E R 100%, BT A [R)EE T fi
G o
1.42  &i&E pH F= pH A& 2 M o] 2

PEHL 100 mmol-L™" ) pH 4.0~6.0 BB -7
BERANZE i . pH 6.0~8.0 AURERRELZE vhil . pH
8.0~9.0 /Y Tris-HCl ZZ 1 . pH 9.0~10.0 Y Gly-
NaOH ZZ iR 1 A i S 7 A 2% Mdb A TR, i 22
AN pH T HIBHEM: . K5l pH TR e R
100%, THEHAL pH 440 T AR RS . ISR
BT EIR R v IR 96 h,  FEAS [ s [A] 18] g B
B, PRGBSI FIERE, [Wl— pH T B e
%) I V) A5 B T5 R 5E LR 100% , 43 33 7 AN [
pH 2 vpii R e ) 1
143 2% & T Bk @ & A B b e % om

FE B A3 M A B B (Co®) . BB+
(K. BT (Zn?) . BEEF (Mg™") . BT
(Ni*") . #EE T (Mn*") ., 91T (Ba*")., W& T
(Na*), F5& 1 (Ca*") ., H&E ¥ (Cu®"), ZE 1
(Fe™*) BAbZAAF 2 — iV 2.8 — 4 (Na,-EDTA),
M BN 1 F 10 mmol- L™, KHET37C T
TRFE L h, SFATEREINE , IR 48 B8+ bk
FUXTRE il Sv-lip5 MISZIA o 75 B HH v in 2% 18 0
PEF (rEiE 60, iR 80, FI&EL 20, Fl4E 80, i
W X-100), FRIT L WG  xFAg W i G ) 52
M o X RRZH AN TR I 4 8 sl fb2z i), e SOHE
TGP 100% , SR A4 38 TS 4% 14 5 52 55 4 A
[ 152 = RN | e e ) & ST TR il L M e
H i 7 B
1.5 Sv-lip5 7E4FE R BE /K 8% B K
1.5.1 IFHEBAKRBEETR

FIFH Sv-lips FATIRE RERAYK AR, KA B
RF A 2 mg WIMNAZLIKEE (Haematococcus pluvia-
lis) J#H, ¥ F 500 L BYTC/AK SBEHT, 68 A I
fitt . 25 mL Ak G HL2E = IR N N 2548,
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A 500 pL (YY), 5 mL [ Gly-NaOH ZZ ik, il
AR EWERE, RAREESR, BHET
40 °C KIFE R TP AT RN

S E pH N 4.0~10.0, FNEEEIXE N
80~900 mg, JMiHf[HEE N 0~25h, SATr A
pH. CBE5Z2 P LA . i e e R s 0z s i) %of 7K
ESiAe
152 WHEAFRF &

SR S5 HL 500 uL SN, AR L A
12 WS N BRI @ P e AT 2 0, Bk b
W, WEAHMIFE®RZELT, FH1: 1 06i%
afi BRI R LA T 2k 1 mL 23R, i 0.22 um A
PLUEREWCERFE i ZAF R DA, IR AT
W 38 = ROR AR A3 (HPLC) Rl iR F R 14
A
1.53  SFHFZAam gk

HPLC #: B A {4 3% 41 >4 YMC-Carotenoid-
C30 (4.6 mmx250 mm, 5 um), 2E4MEIE Ky 475
nm, AN B BEGEUT SR (A) M EE (B), R
MR VR 202, 0~15 min, B H 90%;
15~25 min, B M 90% &% 40%; 25~35min, B H
40% FHFFE 90%, WK E N 1 mL'min™', AR
6 35 C, HEFEREE 20 uL,

1.6 ZIWEELESHH

¥ H Origin Pro #4784 et MK 4k

M, AR 3 AT,

100 EAP73858.1 Esterase Ralstonia solanacearum UW551
ABC38006.1 lipase/esterase Burkholderia thailandensis E264
100 ACL67845.1 lipolytic enzyme uncultured bacterium

96 CAA37862.1 triacylglycerol lipase Moraxella sp.
46 95 AAC38151.1 lipase Pseudomonas sp. B11-1

AAC41424.1 lipase-like enzyme Cupriavidus necator

100

Sv-lip5

2 RS0

2.1 Sv-lip5 551

FEFFRRPIRBE B T ATCC 27968 P45 R 4%
FIRRIWIEG Sv-lips MFEPRFH, HIFFIKE R 1014
bp, ZEHGIS T 338 NEILE, WITFEN
34.8 kD, “EHL R 5.36, XH TR WiEE £ ¥ 5
FeXE (B 1), 2553600 Sv-lip5 J& T8 Wi B 2E DU 5
%, BAEIUSHERRHE
2.2 Sv-lips HFREFAA{L

BH P 7 B S0 IR 45 S LI 2-a S00IE IR A 5 19 TR
FRTE LB 553236 h A B2 12 h 5, WUE R EER AT
O, LV R AR B o o FH R A X R a1 T 4
1k, FASTRI M BE AWk Tris-HCl 2 Wi (pH 8.0)
HEATVRIE, WOER AR EE VR, YR 4H 5 I SDS-
PAGE ZH HH KA TEAE, 8iFgs R ULK 2-b, 76
0.1 mol-L™" ByBKIEYR BT VeI T B ARER 1 4571
FEAKNSTIN AT, RUEARDLi,
2.3 Sv-lip5s EEF RS

T 25~65 C E T Sv-lip5 Ay i B A
FaEME (K 3-a), ATLUEH Sv-lip5 A Bid ik
45 °C, EST4 @ B AH [ B ol iR, - Hoal7E
T AL BE Y B A AR, TR e R T Y
YRR, 7E 25~45 °C N, BEE BTG 5R
RHKRAE, FXTEHEG IR FFTE 80% LI L, ZJGhEE
VLB P T R B TG T %, FE 65 °C BRI XTERS 2
IBARAR S (22.3%) o 19 L B Ao e 1 UL I 3-b,

30]

CAA22794.1 putative carboxylesterase Streptomyces coelicolor A3(2)

AAA22078.1 phenmedipham hydrolase Pseudarthrobacter oxydans
Vi
NP 391319.1 para-nitrobenzyl esterase (intracellular esterase B) Bacillus subtilis subsp. subtilis str. 168

AAF59862.1 nucleoprotein partial Oropouche virus

ACX51146.1 Est2K precursor uncultured bacterium Vil

AAY90130.1 esterase uncultured bacterium pCosCE1

97

29

AA78842.1 esterase A Streptomyces anulatus J
AAO91464.2 carboxylesterase Coxiella burnetii RSA 493
AAC60403.1 esterase Il Pseudomonas fluorescens VI
BAA17218.1 serine esterase Synechocystis sp. PCC 6803

CAA72452.1 esterase Rickettsia prowazekii str. Madrid E J
AAC05510.1 triacylglycerol lipase precursor Pseudomonas luteola ] 1
AAC15585.1 lipase Pseudomonas fluorescens

95 100 CAA47020.1 triacylglycerol lipase Photorhabdus luminescens
_'—|: AAC38796.1 outer membrane esterase Salmonella enterica subsp. enterica serovar Typhimurium I

100
100

AAB61674.1 lipase/esterase Pseudomonas aeruginosa PAO1

CAA37220.1 unnamed protein product Moraxella sp.

AAA53485.1 lipase precursor Streptomyces albus ] il
AAB51445.1 triacylglycerol acylhydrolase Streptomyces sp.

ACL67850.1 lipolytic enzyme uncultured bacterium
!

96
74 AAB16939.1 esterase Streptomyces sp.
99 CAA37863.1 triacylglycerol lipase Moraxella sp.
AAC67392.1 lipolytic enzyme Sulfolobus acidocaldarius
0.20

K1 Sv-lipssEfbm /34

Fig. 1 Phylogenetic analysis of Sv-lip5
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M. Maker; 1—10. #4LF PCR Jiifi; 11. Zi46J5 9 Sv-lips EH .
M. Maker; 1-10. PCR stock of inverters; 11. Purified Sv-lip5 protein.

E2  Sv-lipSHURRRHLIK 455, (a) FISDS-PAGEZE 4l k454 (b)
Fig.2 Nucleic acid electrophoresis results (a) and SDS-PAGE protein purification results (b) of Sv-lip5

TEZE MR 9 h J5, 40 °C I RS HGH T .
ZWE 42 h 5, A SCm A AR R I Y TFE 36.8%
LIk,

ARLEGTE pH 4.0~10.6 NEEE T Sv-lip5 M
& pH M pH FaEtE: (K 3-¢), M Sv-lip5 7¢ pH
4 10.0 BIAAE T RIS ARG, MEA B IR -7
BERREN G M e I, el RN 23.7%,
DKL Sv-ip5 Xof JE A2 %T i 56 4% 1 A ) T2 5 119 7K 1
PRI B R - . pH 2 R MR RS T O 3 A
i BOIRAS, MR THeE pH &1, Higdk
AL Tl & 5 A & g B AS . HA TS T
STl pH MPRBERT,  FLE 4 A s R A ek
AR B AR . pH A R i i B e e
R BT pH SRR O RS, T
TEPERRAR . Sv-lip5 7E pH 9.0~10.0 P¥IA7 %5 5 i il
W, VRBLH B w4 P s (BFE pH R Pk By I
H, KEFEAE T pH 10.0 AYSRBEIREE b, BEISTEA
R, TTAE pH 10.0 B PRGBS P L 0
PG —E A (] 3-c, 3-d). Estl6 ik IE
YRR R, Hid pH 4 8.0~9.0, AIFE 7.0~11.0
(58 pH B N PR R tERa e 7, Y pH & F
10.0 i, Sv-lip5 BAHXTHGIE 20k T, 4 pH l
10.6 B3R 4B TG N 50.4% . [AAF, 7€ pH AN
8.0 AR MR ANE T, Sv-lips BYBEHS t 280 1
2SR, I PR 25 S PR R T R A s R
G128 b S AR T pH X TAEY) 2 1
M A AT, b A pH 250 T IR L
LR . WETRERZE MR LA B Tris-HCI 28 Wi
WEHEAAE RN, TR BN & S o AR Y

IOF) 5 e X AT 1 1) s i R AR TR

Kl 3-e (&R EFLEEYW, 1 mmol- L' 1Y
Ca’* i1 10 mmol-L™"' f) Co** F1 Ba®" 3458 T EfF 15 1,
TEfRIRHRECIERE (Yarrowia lipolytica) W ri IR
eI YLIP15 132 B] Ca HAT HETR BHE PEVER
I Mg®* W X§ YLIP4, YLIP5. YLIP7 fi Uiy i i 1 2%
BB HIHRIERRY, 5ARSCEE5 R —3. 10 mmol-L™
WERE R B KO N B 3B R AR T B AN, RS
JE B TR ARG . WS T ) 2
SR Sv-lips Y& P, w4k 20, w14 80, mhi 60
3 80 LUK M FiiE X-100 ¥yt Hdk A — EFLE
AARIVER (K 3-f), A4 20 Filrt i 60 i H %%
Iy BIREAR T 25.7% F1 55.3%, AT fE D m % 1k
FUAMH] T 43F (R 4:F 9 0 2 SR AR Y
2.4 Sv-lip5 /KRN S =R

ARSI 2 B Sv-lips XfHR Z s A B3
7K FRVER RN 0 JB0RT LE LA 4-a0 S0 P
22.5~30 min N2 ERE RN, 285 Sv-lips /£
J&, AP IRER AR ES 5.5 43 0 A i B AT
TaRo WMTREKMRN pH AR R LA 4-b.
i+ Sv-lip5 SR AR Il , FEmirE &0 T Bt
AR HARE MR . 7€ pH 2 9.0 M2 vl
KA SRR e A, RO 12 h JE W] 774 17.18 g
HE, EAEHRE pH 10.0 A9 51F R %R K i
ROR BN 0 F AR, U4 5.03 pg IFE R, AlHE
& T pH 10.0 FRIREMER 2, 12h IR
Jof s (] BB G PERRAG, dFE R bz b,
BRLERS Wi B Lipase-YH WAE7EAHRI BL S, HAE pH
6.0~7.0 IR ZE =B Wi, HAEmitE (pH
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Fig. 3 Analysis of enzymatic properties of Sv-lip5

8.0~9.0) Z&fF T ENZ Wi L
IR R A — B R A

CBERNZE R EL % T iR Rl K B —&E
520 (& 4-c) éa@%%nfﬁ(ﬁlﬂmtlzﬁ 1: 12 B,
IS 2 e ST IE N ﬂ?ﬁélz 27.63 pg WREE, A LAY
T HI K ORI R RSN T
10.98 g,

A RESE BRI B

T R A TR RERAKIRETY (8] 4-d),
MU 80, 160, 240 mg RENTEEHT, HFE R MY S
WS, KRR 2, em iR R 77 3T
15.68 pg. YA N 320 mg BF, HR5 = EA M
SSI9EETE, 5 12 /NIRRT 34.31 pg
IRE R, ERNAZR TSI 400 1 500 mg f#
W, KRR W] 78, 1) 52 N 2 s i
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= RS IR Sv-lips A5k B HAE IR ZR R /K A A R ]

(@)
— JKfi# 1T Before hydrolysis
— JKfi#J5 After hydrolysis
L
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Ratio of ethanol and buffer solution
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Fig.4 Optimization of reaction conditions of hydrolysis of astaxanthin ester by Sv-lip5
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