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e in human plasma that can hydrolyze various organophosphates, and is
considered as an organophosphate pesticide scavenger. In order to obtai
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Abstract: Human paraoxonase 1 (hPONI1) is a non-specific est
igh-purity active N1, a Pichia pastoris expression system was
used to conduct intracellular expression of hPON1. The hPON1 gene was codon-optimized and cloned into the pPICZA expression vector to
obtain the recombinant plasmid pPICZA-PON1. The recombinant vector was linearized and transformed into Pichia pastoris X33, and positive

transformants were verified by colony polymerase chain reaction (PCR). Batch fermentation of the recombinant strains was performed in shake

flasks for 120 h, and the esterase activity of hPON1 was 0. Cells were collected and lysed and the recombinant protein was purified by

nickel-nitrilotriacetic acid (Ni-NTA) affinity chromatograp odium-dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) results
showed that the molecular mass of the.recombinant hPONT was apﬁroximately 37 ku, consistent with the expected value. The optimal reaction
temperature and pH for the expression of recombinant hPON1 were 45 ‘C and 9.0, respectively. The above results demonstrated that active

recombinant hPON1 was successfully expressed, and high purity and active hPON1 was obtained in this study.
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Y, HAKMREHRE =2k AV, &R
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VI S hEE, YA TALE) PONI GESHfR B EMRA
PUBEREEPER, BRI A3 H AT LA PONT /EAH
MUBE A 25 rh i 7P, AT TIER], PONI
ECBAT PR WL A et 75 S A s

SR hPON1 FFRMARIEIIIRYT 294, AL
—UEPR), AR BHERAMEY RGFRAEA
hPON1 LA EFA= R hPONT 4% 5 SRS /K R PEAIR
ANaifh 5 iR v 22, SR KT
R 2235 hPONTMY, KIGHT B %Ik RGHRAERT ., A
FEARARERR R, H—RUaREnEARE, &
M, HEARKT S EAAIERE, he e
FRERE (Pichia pastoris) FRIEKZ/EN—FEIZAEY)
MFIL RS, MXNT R EARZ N, e
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IR RFRIE R G 20 120 80 AFAUR AR — s
HHMEEAFRE RS, & HATEH BN 25
P TRERERERIA RS, HELA I ME— TR i
W SRR RERIA R G EAT IR RIL R GE S 1R
FIPAIRIL B A, A HZRIE RS
VRER RIS BEIN AR AR R BRI RERIA R Gt
KL ERSE, RIAMCR S, AR AL A Al
(ftath, RoekR, SamEERE,

A TER A HE AR B B R G R A8 B A0 1R
hPON1, X HBEATAEM I A M il EE AN B pH,
NEE— BTN SR LAY Al .

1 MRERE

L1 A#

L1l AHE 4
L il EE SR RE T R X33 (P, pastoris X33)FTKI

1.12 R H3sdik

hPONI1, [ IS ReEFA IR AR BEEFEJE YNB
(Yeast Nitrogen Base), Difco; & [1Fk. RN,
Oxoid; PMSF, Sigma; A7 A& B~ ohrat.

LB #5775 B 100 mL &A1 g REAE, 0.5
g AR, 1 gNaCl (KEFF N 0.5 ), MR E
NN zeocin FEZIREE N 25 mg/mL. £:7%3E YPD (AR
PETHENN zeocin LR 100 mg/mL) BMGY F
BMMY £ Invitrogen A &) [ EEZR I RER A FAF -
1.13 &

FluorCham M %% iR W12 48, ProteinSimple;
Milli-Q 47KHL, Millipore; 5810R 7l iy id4

e
=]
i}

Industries; Enspire2300'% HEEREFRAL, PerkinElmer.
1.14 34

8 DHSa (Escherichia coli DH5a) WA SLL S ARAT, ASCHT RS0 1 s,
pPICZA R H Invitrogen 2 F] ‘
#1 z::wémﬁs \
Table 1 Primers usediin this study
HE/EA 5 HE VR Piikes
PONI-F CATCGAATTCATGGECCAAGTTGATCGCCT
PONI A &%
PONI-R GTATGCGGCCGC TTCACAATACAAGG
5’AOX GACTGGTTCCAATT GC L B
3’AOX GCAAATGGCATTC i\; CcC W% PCR £
12 i /" ki pPICZA-PONI % Sac 1 ZeVEALE, iid HEEAY, )y
EFEN P pastoris X33 2485 . BUEALTYIieAn T
1.2.1 ERREMALE SR YPD (zeocin KN 100 mg/mL) “FAk F, 30 CH;
KA &R AT OptimWiz 0% PONT J: K] 7% 48 h, 3 AIHEHCTAR 1) PONT F1 X33 HEvE, H

(2505 1wt . GC SEA mRNA 2R 45kt
AT o RN JEER] 1) B R 2 A ) 56 Fld o
122 S aa AL TR iR

ggﬁ 57-PON1 A5tk , FH 5’ AOX #13°AOX
i 51 5 04T PCRJSE 1 PON o 53 451«
94 CHIAEMES min; 94 CAEME 30s, 55 CiBk 30,
72 CIEfH 90s, 3L 30 MEIF; 2 30 MEIS 72 CHE
fH 7 min, PCR P*#I2 1% ik %5

pPICZA JFTRLA1 PON1 f¥] PCR F=47)43- 5l FH PR il 14
N UIEE EcoR 1 H1 Not 1 FEAT Y], ] T4 DNA ligase
16 CiIlROEHREYI=Y), A5 CaCly #biziE N
E.coli J&327s, ¥AT LB (zeocin KA 25 mg/mL)
SRR L, R TR, PREH M T RO R IR TR
JFkE,  FHBR I A DB EcoR 11 Not T 3H4T W14
€, BEVIFMZ 1%5 Ik e . KA i i B A
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5’AOX A1 3’ AOX 1@ FH 51 WME NG, AT PCR
Y5E, PCR P 1%L LKL E o
123 AXT&EHZEEE 1 (thPON1) #9425 EL L
Zke

PRER A M s B e T BMGY R5953EH, 28 C.
200 r/min 557% 16~20 h ODgy 2 2~6, 8000 r/min &>
10 min WA, T BMMY B 9R3E 24001,
F& ODgo 2 0.8~1.0, 28 C. 200 r/min ¥53% 5d, HEfE
24 h IRINHEES 1% (V) WREE, ik S E 4 B
ik, FHEL 400 uL KK 4 “C. 8000 r/min &0 5
min, 52 FAL B AR B2, R IHRSI 2 T A A
IBEG /1. [RIE LA X33 AE B PR HRGEEAT IR AE

REEBT 4 °C. 12000 r/min &50» 3 min, &M
BISERSR S, FIRE Aaiuiairaith. 7R
HisTrap FF Crude 1 mL, F##& 5 mL, ¥ 1 mL/min,



MK EmBHL

Modern Food Science and Technology

2017, Vol.33, No.7

L 20 mmol/L BEFAAZEMTR 0.5 mol/L & ALHH. 500
mmol/L BKM(pH 7.4)Z MBI E NP, RS
W4 0.5 mL, BEFEL 2 uL A5 T 280 nm AR 2 R
J&, HZE ODjgonm FIEFELL 515 1EEE, HRIE ODagonm
(ELRE Kb T [l — IR SO (RO A T B
1.2.4 rhPONI1 B&7& /2 5% & 5

SR KT S V00 5 AR PO 1, DA 4-fiF SR
THREs (pNPB) 1ENEKY, FILH DMSO ¥k, %
WPEN 100 mmol/L o & R AR 20 202 uL, 5644 10 pL
BERROINNE] 190 uL. 100 mmol/L. pH 8.0 ] Tris-HCI
SRR A T 3 min, FEAO 2 pLy 100 mmol/L J&#,
7E pH 8.0 37 ‘CZAFF %8 7 min, PAEAACHZ A,
FHBEFRLCT 405 nm e HBOGREEAE, ARYEARAE 2
THEBHS . KRS SN (1 U) SN 75 Lid%k
PR, 453 EhK AR pNPB BRI 1 pumol XA
R T I

HARAL TS FHFE 120 h, KEE RIETL
PRI HEL S uL EFE, 34T 4~20% SDS-PAGE HLVK,
FZOHTHE R250 Yett, LRI H 108 F 40,
SMTEAERS T8, SDS-PAGE HIKT1ES% (4
TrBEFH.
1.2.5 rhPONI1 #xi&iR/Z 5iE pH %,

N IR R R ) RE e, FR T E1.2.47, 4B
pH 8.0 21FF, WEAFIRE T (25, 304 35. 37
40, 45, 50 'C) R AT PONT 1IEFE T
KA EX IR, AR PATERIE =R, S
LEACYATIHES e

NHfE pH XIS N, J%RR751.2.47, A
pH 4.0~10.0 CEERE 1.0 4 pH SR —AMEEED) AR [H
pH ZEMWRTEREIN, 7 37 C4M R, SlEEARF pH
S N REEE AT PONT [IBERS /1. LAB4liK A7 G
XFHE, BN P TR

A

1.3 /{ |
RIS = WKIE, KA Excel 2013 1
GraphPad Prism 6 3T 2 /0 fr S 403 .

2 ZR5iHe

2.1 FRAREME

2.1.1 Axt&EFEEE 1 (hPON1) A E #9k4b
S SR TOALET) hPONT 78 (i B iR
R BHTRIE, HARBRENER hPONT H1H. HE
M+ hPONI & NJEERE, HE P miriE 54
SKPH (0 B JYr E R R[], ALt St B3 B

REREERS T AR hPONT 2T 7 %0 A&
Do ARALHT hPONT o B2 Wi BE R B 1) 5 05 [ 3

B2 (Codon Adaptation Index, CAI) 4 0.76, ffift
JEabEEE] 0.86, GC & EMMAHTIY 43%4e =3 48%.
AR I HIBEE — 31 73.8%

Optimized ATGGCCAAGTTGATOGCCTTGACT TTGT TGGGTATGGGT T TGGCCTTGT TCCETAACCAC

Original ATGGCCAAGCTGATTOCGCTCACCCTCT TGGGGATGGOACTGGCACTCTTCAGGAACCAC

dddkk kkE EEEEk d% & &= & plkkd ddwek kbR F duok & kEkEEs
Optimized CAGTCCTCTTACCAGACCAGATTGAACGCTTTGCGTGAGGTTCAACCAGTCGAGTTGCCA
Original CAGTCTTCTTACCAAACACGACTTAATGC TCTCCOAGAGGTACAACCCOTAGAACTTCCT

T RREEEEEE B E% ® EE BEE B B RRRk REEEE 3 k% * BE
Optimized AACTGCAACCTTOTCAAGGGAAT TGAGACTGGT TCCGAAGACTTGGAGATCTTGCCTAAC
Ohriginal AACTGTAATTTAGT TAAAGGAATCGAAACTGOC TCTGAAGACTTGGAGATACTGCCTAAT
e I
Optimized GOTTTGGCCTTCATCTCCTCCGGTTTGAAGTACCCAGGTATTAAATCTTTCAACCCAAAC
Original GEACTGGCTTTCATTAGC TCTGGATTAAAGTATCCTGGAATAAAGAGC TTCAACCCCAAC
FEOENEE EEEEE R B R REERE 5E O 0k ¥R IR R
Optimized TCCCCAGGAAAGATTTTGT TGATGGATCT TAACGAGGAGGACCCTACCGTTTTGGAGTTG
Oviginal AGTCCTGEAAAAATACTTCTGATGGACC TGAATGAAGAAGATCCAACAGTOTTGGAATTG
4o RREEE B R kReeEsd RE ok $E R 0k BE BE 3 RRkEE B
Cptinsized GOTATCACCGGTTCTAAGT TCGACGTCTCCTCCTTCAACCCTCACGGTATCTCCACTTIC
Owiginal GOOATCACTGGAAGTAAATTTGATGTATCTICATTTAACCCTCATGGGATTAGCACATTC
Fk dokkRE R RRE Rk R RE RBE Rk B RRRebRE BE Bk REE ERE

1 HPONT BB AT AL BB
Fig.1 Alignment Qp’re‘f‘mi -optimization sequences of
‘PPICZA-PON1
2,12 E4f#i pPICZA-PON1 ¢4 L ffik
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Fig.2 Identification of recombinant plasmid pPICZA-PON1

7Z: B a &7 PONI PCR 4; H b ATEHRE
pPICZA-PON1 %% ; B C A FH % PCR. B a ¥, | &7 PONI
PCR /=4; M1 & % Takara 250 bp ladder. B b  , M1 % 7= Takara
250 bp ladder; 1 &+~ pPICZA-PONI, EcoR I+Not 1 3B /= 4;
2 4% 7T pPICZA-PON1, EcoR 1 #B&in =¥ ; 3 A+
pPICZA-PON1; M2 #%& 7~ Takara DL 10000, B ¢ ¥, M1 &+
Takara 250 bp ladder; 1 &% X33 # % PCR 44; 2 &% PONI
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B % PCR =4, 3 A-~E4/fi4: pPICZA-PON1 PCR 4.

F531.2.27, ¥ PON1, HU S uL PCR =45t
1T 1% IEEEE IR Ik 2552, PON1 [1) PCR 724K
/N 1000 bp~1500 bp . [A]. S5 5RFKH: 7EZ) 1300 bp
W — W R (K 22), 5HRIZERE PONI
FBOK/N (1350 bp) AT

FHL PON1 R HRTE & EM T LB (zeocin ZHKEN
25 mg/mL)EEFREEt, WREEFRE, SERUIRL, R
Koy MIdEAT EcoR 1 HFGIAN EcoR T+Not T XUEFT) %
SE. GERFEH: pPICZA-PON1 BAREY) =4 K/ INE
4500 bp Aty (B 2b), MUEFEDIF=H00I /N3 514 3000
bp~4500 bp A 1000 bp~1500 bp 12547, STHAK /AN
FHAF

I3 AIEEEL YPD (zeocin £ 54 100 mg/mL) ~F-
R E PONT #1 X33 v, H 5°AO0X Al 3°AOX il
RBIERGIY, L X33 AEAF IR, B4 R
pPICZA-PONI {EABATEX IR, AT PCR %€ .
ZERRY]: PON1 SFAMEXTIRAEL 1300 bp AH—%
B2 A9 1 (1 2¢), [R] PONT BRI (1350 bp)
FHAF, 1AM RE X33 ARY 3G H i 5%y, e B2
kitgg (B 3) mh.

S pPICZA-PONI

4351 bp

Notl

Eéﬂlﬁﬂi pP|CZA-PON1
mbinant plasmid pPICZA-PON1

22 /ﬁoy 9V S

SR ThPONT FIXHIR B X33 BEATHEIMES
I%, ININZIRE 1%KIFEEE S . A0 24 h 4N 1%
HIEFEBURE, A5 ODgoo AERE (18 4a), Z5HFKH:
thPON1 ] OD {H7E 96 h 1A% & =1 30.98, HAHETE
120 h I$3A% 0.15 U/mL. 5 3CdaE" i kit s
IR LIRS 4 FAEAT T bR, AERIA R T
T EEREE BT SS, Akl LhE M 245 D1
FIR G BRSO B SRR = hPONT £ L4
BRI RE ()R 5. 20 S ul X33 RIFERA (96
h) 5 thPONI (24 h. 48 h. 72h. 96 h (IR 1AZ

88

FER 120 h B BZ AR SRR _EIERL 120 h 2k
EED) ERE, HEHT 4~20% SDS-PAGE Hijk, % i
W R250 Yetry, ita)s, FIH FluorCham M RS
RGHT N (H 4b). SR EIR, BRI
HAE RS KB G, SXHREK X33 MW
R LG, LM P B R AT ARABL, TV
thPON1 {1467, K Ni-NTA 24 MZH4S 120 h
B RRROEAT 204, [RIR—EAZT, Ko
TEAR/IME 30~40 ku [, FHIT 40 ku, 5HUHAR)
37 ku AHEF, TR B s S AR B, R
thPON 7EREREA A N R 15y A7 B4 . Unver

Y 26 OLSR Y 0 b e B iR I 5k Rk
FEIR/N R 59.1 kus KT hPO WAN, R
TR BRI Y. WAL IARAE, ) 5 5]
AR08 I I8, 78 AR PR 37T s Pl B T R R 2
a _ _
0167 o mgs5H 33
3 014r oD, 130
£ on2f 10s
‘.% 0.10+ 0 o
Z 0.08F o
g 15 &
S 006F
% 0.04 - 10
2 002},
!.'}.()(}‘I

0 24 48 72 96 120 1 42

Induce time / h

+'_
ot
ons 80
- 60
— . 40
|- 4.“‘ e

— 20
p— 10
(&l 4 rhPONT ¥EHR A FEE KehZk . B85E715 SDS-PAGE #34f
Fig.4 Batch growth curve during shake flask fermentation
(ODggo) and enzyme activity of recombinant PONL1 (a) and
SDS-PAGE analysis (b)

E: B a & thPON1 EAMA B A KX E58E /), Bb
FTK AT & 5 LS #) thPONI 49 SDS-PAGE 9. 1
AR X33 KBEER; 2 AT 24h REFAMR; 3 AT 48h KBHH
R 4 RF 72h KBEER; 5 KT 96 h LEEHK; 6 A7 120h
K EEEAR; M & Protein Marker; 7 &7~ 120 h ©.4hifk; 8 &
= 120 h R B LR,

2.3 thPONI1 # 5 & pH Frig JZ #F %
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Fig.5 Effect of temperature and pH on the activity of rhPON1
JE: a & pH ATEEE 69 RvA; b R TIREATEEE G,
FRHE H9541.2.57, M5 pH AR EEXT thPONT 514
(RIS, 4598 thPONI 7 pH 9.0 [I4&4% T ik
e (B 52), B#E 7108 0.57 U/mL. 1E pH 4.0~7.0 i
TR (KT 10%), 76 pH 6.0 B, BT 714
U/mL; 7£ pH 8.0 i, F§i% /74 0.15 U/mL; 3
9.0~10.0 JEFEIY, AT LAMRHRHE BT (FT 80%)./
thPON1 7£ 45 “C &M Mg s (B 5b), Bdd
048 U/mL. 7E25 CHEHEIMNA 0.01U/mL, i
£ 30~37 C W, W RLLR KF BORaE 1 B 1S 7
(20%~35%), FFHIE 4 CYaFEN, FTEAREFEL
B 0% )

3 g

AR TR R SRR RER A RS, 1
AR N )2k A T ) B ZH 0 AU 1
(thPON1). 7E pH 8.0- 45 ‘CZ%HETF, LL4-fidaT
TR IRA, R i 2 R By v A DI B S 7108 0.15
U/mL.thPON1 HJ#:& pH 9 9.0, BERE /724 0.57 U/mL;
HERE N 45 °C, BHE /18 0.48 U/mL.
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