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B PERERG . EstZ1XT 2404 Jm 51 Ak 22X O R At EstZ1 Al DEPIK fift A BRI A S 15 R
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Uit iR & A H1His-X-Glu-Leu (HXEL)4H )15 5
Feat,

BelG 2 AETEShY) . M AE iR, H
A W SRR R AT B R T, B AR AR
FA R R M 2w A Rk A R
BER) Ay, tnwg ik . VB ANE A TR
EATTER I At 72 R T XA s PR 1 L A
Purk, XEEERGEYZES T TR SR, 2
R TR Y R AP PRE . T e R AP AR i T
b BEEAT MY A - A B A T I T
Bk 1 K E,

LP2K — iR liE2 1L & W) (Phthalate esters, PAEs)
A by e 72 SRR S A5 P R R S 1 A R A 1 2 )
Mk ESHAL, PAEsH A T A 4 41
(WTO)I\SE N —Fh N 40 T3 ¥ (Endocrine-
disrupting chemicals, EDCs), KMzt a4
P RS 1E ™ G E o A YR AR R e S R
iR 525 (Phthalate esters, PAEs)7E¥ 5 AT T
MAME A R s A" FEERMTEsE T, X
PAESE YRR 2 . HLBLLL R A P i 1Ry
PEA T2 T, P2 HZEYXTPAEs M HARH Y
e PR A AR EE 1Y Mathur AR ouatthy
DEHP FIDOPAE Jy M — i 53 25t Marcescens .
SerratiaS5 & , HANHEM 1) R AR — R A
IO R, 3K LA G 5 fide 7 ) T A EL i A 0 A 25
B, BR A RLCO, MK, A ARIREE 42K
PRI i R A AR, 7EC & RIE IS
i, PAEsPEMEEMREA 3 KK
Pyt S PR R A SR L X
SERRE S o OC T IR B R FE AR PAEs, 72
FA B W e e 3T H ST PAESAT 7K At 14 A T
fifg AR/, SRS R IASE T PAEsTS Y 11 DL AR
i, AR M Az A R R w5 A R A
K, XHERE AR Rl k350 cCRBH
s AR RAE B B ML A O, HEAT
B2 AR 23 IR BIAR = AR B A B R A B Y AR

PR BT ARG FF A it v 0 B PAES A
IK SR A ) T Tl R A i ) SR 7

S SR AR 7 ko s N N T O SV A = B
SRR, X H AR R T 2SRy,
T S 1] AR AR Tl A R A T, BRAR R A
FIRM LR TR, © BCh B 3R & N ) =
R RBEIEE bR Bacillus sp. HI140f 1% A
RO -4, Mo v B4R B HS L-like 5 1% g 1l 32k [H
EstZ1, JEINA R AT e 26 35 I A0 58 H il 2 P
BT, BTEFZHRAR AN EA N T ) R

1 AR 7

1.1 e

1.1.1  SCIOTEMRAER MR . LRI FE MR Bacillus
sp. HIT4 A S0 Z 0t %k ; Rk EWE. coli
BL21 (DE3)J FNovagen/A &l ; # M FEf i 3=
EpEASY -E275 /A Fl Trans- g3z 2540 gl A b 5 4
REAH,

1.1.2  FERH: ExTagDNARAEF . ANTPs.,
DNA Marker#J ) § TaKaRa/A &) ; 45 A Markert4)
H Fermentass fl 5 Wil 3E 8 W LR BE (p-NPC,)
XA T FREE (p-NPCy) . XAl FE A8 W) O R B
(p-NPCg) . X AL PRI (p-NPCg) . X i 3
AR ZEFREE (p-NPC ) . Wil 3 28 iy H EEFR IS (p-
NPC,,)ll H Sigma’Z\ 7] ; Nickel-NTA agaroselll] H
QiagenA H]; 47K —HIR — ZBR(AR) FISE AR —
MR — LWEbRan(99%) M H i RIE A Fl; IECkE. &
M2 Mg . WEESEA VLA R Y ke, WA
Merck LiChrosolvZy ) 5 PR 2H F Bok 2 o= &
I H Omega /A A

1.1.3  SER{YEE: PCRY (Y (Bio-Rad); &Ll
(Eppendorf); #EME MG (Bio-Rad); %M HL KX
(Bio-Rad); % HLK{¥(Amersham Bioscience);
fitibri (Bio-Rad); 7 I 40 MR R4S (77 8 2 Rt
FARAT): BAF(Eppendorf); B HIYL
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(GC/MS)(Agilent GC7890A/MS5975C); =35k AH
3 (HPLC)(Agilent 1100); 48 52k AH €433 £
56 = 5 DU AT 3% AL (UPLC-TQ-MS)(Waters
AcQuity, Waters Xevo TQ-S),
1.2 JF3l4rkr

43 1 FIBLASTnFIBLAS Tp7ELR /3 B 2 )
(http://blast.ncbi.nlm.nih.gov/Blast/) s T DNAFI &
FIUES s A5 S BRI 4% 12 SignalP 4.0%; R4k
Wi s AR, i FH ik Akt A% o i A
MEGA (version 6.0)"; 2 551 He it faf Fi 4 1
ESPript; 2K 445 F4 Ui 4347 £ FH 4 -V ADAR™;
R K DIANNALL®Y,
1.3  EstZITEREmEib

H4 Bacillus sp. HI 1443 R P S A R
BOERSSR, X EstZ%15 99T AR R A
H)4 M (Forward: 5-AACTTAGAAGAACAAATC
AAAATC GC-3'; Reverse: 5'-AGGTCTCTGTT
CAAACGC-3"). VlBacillus sp. HI143E 41 AR AR
PWEstZIFEN B, P 34540 94°C 90 s,
94°C30s, 58°C30s, 72°C2min, 28MMEH;
94 °C30s, 44°C30s, 72°C 100s, 7PEH;
72 °C 10 min,

B 1P )14 3 B pEAS Y -E288 A [Tk T
R 1 32 R Trans-1 (774 0] DL EH ), ﬁﬁiﬁﬁ’%#
PEICBH M e B 1R A ORI (7 kv LUt B D),
F| EH FkipEASY-E2-EstZ1 . Hiéﬁﬁ*ﬂ%ﬂci
iK1 FBL21(DE3), 5555 LI,
14 BiREAMRR S

BB B FORLAYE. coli BL21 (DE3) LI
HE& B pEASY-E, %5 ALY E. coli BL21 (DE3) [
Pk, DL1/1000f 4 e 35 Amp (100 pg/mL)
T i LB A S5 R 3, 7237 °CHYTE RLEE R
BigE16 h, %180 r/min; FLA1/100A R RS
TE AR BT B TR VR 422 315 Amp (100 pg/mL) Ao fif
LBIAREFREET T, PUdidiZ2-3 h, ODgyy KZI7E0.6
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I A L3 5 5 0.4 mmol/LAYIPTG, #4k£E7E20 °C
140 r/minfs 3 F 1552920 hiff 738k, WER
&I FIE 7 A950 mmol/L Mcllvaine 2% 1 (pH 7.0)
BIFRARIG , TEVKAIRA YKV T 75 5 AR v
K, KRR T4 °C. 12000 r/minZ5f4 N ik
BRI KT 3 L N SRR LS . A FHNickel-
NTA AgaroseZi LGS 2 Hry & A, JfFxtalife
B B (SDS-PAGE) Fl i€ £ (Bradfordi) .
1.5 EstZ1B§5 e

4fifk 5 20 W EstZ 1R F WA 55 8 vk (p -
nitropheno) A7 PEMAE « BAK R A500 uL, &
420 pL pH 7.5450 mmol/LZE 1, 30 uL 10 mmol/L
i %p NPCﬁHSO uLL é’u%ﬁ{%ﬁzm@EEstZI

fjﬁ“S min, Hi}ﬁj][]/\o.l mmol/LE"JNaZCOﬁé‘JJ:fi
N, 7E405 nmE K FIEODIE. i SR vhich -
50 mmol/L Mcllvaine 2% 1 (pH 5.0-8.0). 50 mmol/L
Tris-HCI(pH 7.0-9.0) . 50 mmol/LHfi#}-NaOH(pH
9.0-11.0), G PN E Lo —E 55 T Hordhk
R p-NPC A= 1 pmo L X i 25546 iy BT 775 B 1)
fifg i

EstZ1 i Fe e K4lifblEfE37 °C. pH 7.0
)25 W FI1S0 mmol/LAS [l K i () p-NPJIEE )
EATEEIE RN ; EstZ 1ol pH: B S B
4li bR EStZ17£37 °C T~ FlpH 2.0-11.05EFl N 17
B RN 3 EstZ LB il e Kl Y R alifk
i EstZ17EpH 9.0, F0-95 °Cii FBl N EA Tl iz
N3 EstZ1AypHASE M Bl Y B 1Y 2l 1k il
EstZ1JiIn ApH 2.0-11.009Z i, #£37 °CFifif
%1 h, SRJG7EpH 9.0F137 °C F kA TEE{E S0, LA
ﬂ%&lﬂﬁﬁ%ﬁﬂﬁ‘ﬁﬁ’ﬁﬂﬂloo%; EstZ1 iR RS E

OB SRR R A AL AL BEEStZ 143 BIAE3T . 60l
80 OCmﬁ;d h, 2B AEpH 9.0H137 °C F k4T
AR SN, [RIAE DA A A B ) A7 R A E A 100% 5
EstZ 1 42 @ B A LR i PitE . e iR R


http://blast.ncbi.nlm.nih.gov/Blast/
http://blast.ncbi.nlm.nih.gov/Blast/

WHEF | MEYF], 2016, 56(12)

1935

T A2k 1 mmol/LIYAg . K'. Ca™'. K.
Fe’'. Zn’", Mg’ Na', Mn’", Fe'", Pb*",
Ni*", Co”. Cu”. Hg"'. AI'", EDTA. SDS. -
mercaptoethanol FIZK 5 2411% (V/V) Y Triton X-100
Tween-80., Methylalcohol, AlcoholfllAcetonefE
pH 9.0F137 °CF #ATEEME S, LAAIIMTAnr o
1) SR R AE R 100%
1.6 EstZIX4PE _HF R ZFR(DEP) M)
g

7£10 mmol/L pH 9.0/ Tris-HCIZZ #i in A
2L JE 50 mg/mLAYDEP A4l {k i) T 4H BR B EstZ 1
5U, MMARF mL, LIS G AR [ 4 30E
XTHRL . FES0 °CCHIZKIEER T N2 h, F100 uL 1
mol/L HCIZ¢ 1k 1, FHAERFRIN R C FR AL,
ISR 20 R CBR7E & T, FHAEARFR Y B
FHELR, YRR FHHPLCFIUPLC-MS/HHT .
HPLCHK: I 54 : 3% 41 %6 H] Agilent zorbax SB-Aq
(4.6 mmx 250 mm, 5 um), WM. 25,
H3PO /KR (0.1%), #FFERS ul, #EE30 °C,
Fi 1 mL/min, A% (DAD), Kl K230 nm,
UPLCKGI A5 : o i 4 H Agilent Zorbax SB-
Cg (4.6 mmx250 mm, 5 um), Wsht. 25,
CH;COOH/KIA (0.1%), HEFEE2 ul, #3930 °C,
F3#0.6 mL/minf I #(PDA), 7 K210 nm.

ESI-M SR HITE G 2 B, A6 2% A4 7]
LPTR,

2 HRAH

2.1 HHRAMERERS

W tkBacillus sp. HI1V4FEstZ1 5 R 1E
GenBank Ui 2 (149 5 5% 5 43 3 K C787602 i
KU680808
2.2 EFETREFFI5HT

FIHIPCRY" 1445 B Ma i SL K (EseZ ) A<, 3

903 bp, G300 MR AR, EHMIL =
33.84 kDa, NE{E5IK. R AT HAMM 5T HTLE
B (F1) B /REstZ1 )8 THSL-likeigfi% 5. 5
NCBUEE RIS R TR T L DX 147 22 91 L X 4
(F2) B /R EstZ 1 #5434 £k = 5% 5 43 1] )2
Ser145. Asp240F1His270, H##EstZ15E & F Mt
ABRERGEStS LHEA T2 11 20 =451 1 Lk R
FE ] BE M R B E R I ZR R, EstZ LA
MR BRI AN H R R AR LB S EstSTAE, o-MBE & 2
# TEatS1, MAMEStZ1iE & A EstS1EA ) A
B, SRR AN —E R T UE B EStZ 1T HE
Pe, (H R ZFHAYE B2t w25 28, 4
Je T S A S5 AT IR UE (R )
2.3 FHHFEMLLL

#2H ki pEASY-E2-EstZ1 AL 2 ik 2 4k
KIHFFEBL21(DE3)Jf#%i5, AN ERE, T
HNEEE o A MR R4S B EstZ LKLES , ZiNickel-
NTAR fRZifL, BR4ifkEH, AfbEARESN
2.68 mg/mL. Zifb#H 1 712%SDS-PAGE S}
B, Z5R 5o BE AN SER PR h—
H(&3),
2.4  EstZ1fE§E:
241 JRYRFHERIIFESE: KOKIVEE,
RN T S EYIRCERGE ), K E#/NRIR 5K
YISERRE TR, Koo AR AL, Koo/ KnlB23R
TEBGXT I AR, L R85 Ul B X 1K
YR E BE R R . R4 R R EStZ I HAE I
BZp-NPC,, K, K., /K. (H5550.14 mmol/LFI
161.07/s.
2.4.2 BiEpHMpHEREH: EstZ1fHiGpHN
9.0(E4-A), fEpH 7.0-9.0Kb 3 1 hi I A7) {5 45
60%L) I (El4-B), TEpH 9.00} 4 100%4a %t 1% 1 {8
(17.9440.38) U/mL,,
243 EORREAREREM: EstZ1WEibiiEg
450 °C (El4-C), 7E40-70 °CRHEIH AR KES0% LA
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St Alicyclobacillus Acidocaldarius (1IEVQ) ;'; e
Thermoplasma volcanium GSS1(BAB59879) E_ Wu
99 Sulfolobus Tokodaii (3AIK) f‘r‘m
67155 Pyrobaculum Calidifontis (2YH2) l:nu *
r uncultured archaeon (2C7B) I
Tl———— Sulfolobus solfataricus (WP_009988478) T3
100 Archaeoglobus Fulgidus (1JJ1) .'U
81 Archaeoglobus fulgidus (WP_010879212)
EstZ1
Thiocystis violascens DSM (WP_014777502)
100 Bacillus subtilis (1JKM)
uncultured bacterium (4J7A)
Mycobacterium Marinum (3QH4)
Rhodococcus sp. (1LZL)
02

1. EstZIFVRGHWR 347

Figure 1. Phylogenetic analysis of EstZ1. The tree was built by the Neighbor-Joining method with a JTT matrix-
based model. Bootstrap analysis of 1000 replicates was conducted, and values above 50% are shown. GenBank
accession numbers or protein IDs are shown at the end of each name. The number on branch point means similarity.
Scaleplate could be considered as the difference between two sequences.
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:DFAFLYAKRLIE

ER?,.
TAIL
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[ S VIDR4RIF-NLAE NEK)@LA AV VD
VN VIEROISYE HIP @A AL HIE
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D F R|
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[ 2. EstZ1E9% FHILL3d 5340
Figure 2. Multiple sequence alignment of EstZ1. Sequences retrieved from the NCBI server were aligned in
CLUSTAL W and rendered using ESPript output. Sequences are grouped according to similarity. EstZ1 from Bacillus
sp.HJ14; 3AIK from Ferroplasma; KPN14852 from Bacillus sp. NH71 1; AAG09918 from Bacillus pumilus;
KOO040129 from Bacillus okuhidensis; KOS02876 from Paenibacillus polymyxa; five-pointed star indicate amino

YIKQFKGVPHGIF|ITHAG . DLAIAEE
IGIFIVISFFPFIEQGRDAIIGLIIGY VILIRKV

DLAVAEHHWHLMCDKLKEA

PWHLMGDQLKKA
DLAIAEE WHILMGDQ|LIKKA
.DLAVAENAWH[LMSDQ|LIKLA

acid residues belonging to the catalytic triad.

1. FMEstZ1i MR EE =

Table 1. Possible factors contributing to protein

R2. EstZ1NE hESH

Table 2. Kinetic parameters of recombinant EstZ1.

thermotolerance
Factor Value Substrates g{lnl/n ol/L) (I{lj%i o) Ko/ (/s) f%?tégﬁnlmol)]
EstZ1 EstS1 p-NPC2  0.62+£0.16 34.76+4.18 61.63+7.41 99.40
helix residues% 34 31.91 p-NPC4  0.14+£0.03 12.72+0.64 22.55+1.14 161.07
Pro residues% 8.67 9.5 p-NPC6  0.20+£0.04 4.12+0.28 7.30+0.49 36.50
Gly residues% 5.67 7.2 p-NPC8  0.28+0.10 3.07£0.40 5.45+0.71 19.46
No. of Cys residues/disulfide bonds  4/1 2/0 p-NPC10  0.50+0.47 1.70+£0.69 3.02+£1.23 6.04
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-116.0

-66.2

-45.0

- '. 350
P “I—

& 3. @{LEFEstZ189SDS-PAGE S i

Figure 3. Purification of EstZ1. Lane 1: total proteins
of E. coli BL21(DE3) with blank vector pEASY-E2;
Lane 2: total proteins of E. coli BL21(DE3) harboring
the recombinant plasmid pEASY-E2-EstZ1; Lane 3:
purified EstZ1; Lane M: protein molecular weight
marker.

-25.0
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100 ——Tris-HCI
20 —S—Borate
60
40
20

Relative activity/% =

2 3 4 5 6 7 8 9
pH

10 11 12

| EStZI1{E37 °C. 60 °CHI80 °CALFH1 h, 80 °C
TR 20 min, HARARE T hEIEERE
80%L) I (K14-D),
244 ERBETAEIRAIIHE: WR3ER,
Fe’', AI'", EDTA, TritonX-100%{EstZ 1% A
BRI (R Z11.1%-46.5%); Na', Pb’, Mn™,
Ni*", Cu’", methyl alcohol, acetoneXfEstZ1Hi%
PES M A8/ N7 7E88.0%-105.5%); Co”', Hg'',
SDS, B-mercaptoethanol, Tween-80, Ethyl
alcoholXFEstZ 1 B9 1A # 2 il (K £915.3%—
78.8%). HATAT IR A4 AY B-mercaptoethanol Xif
EstZ 1A 5 ZU ], Ui —mi s T EstZ1 i e
PEFIIE AT B
2.5 EstZIX4PE_H R — Z. BEHIER
HPLC//rMr&s B B n & K —H iR — 4 Iy
(DEP)Fx i YU B4 B 1] 45,080 (K&15-A), 74 Bk

(C) 120
100
80
60
40
20

Relative activity/%

0 10 20 30 40 50 60 70 80 90 100
7/°C

Relative activity/%g

0 10 20 30 40 50 60
t/min

4. FESEStZ1 B
Figure 4. The enzymatic characteristics of purified EstZ1. A: Effect of pH on EstZ1 activity. Reactions were
performed in different buffers with the concentration of 50 mmol/L range from 5.0-11.0 (Mcllvaine buffer for pH
5.0-8.0, Tris-HCI buffer for pH 7.0-9.0 and Borate buffer for pH 9.0-11.0) at 37 °C, respectively. B: pH stability of
EstZ1. The enzyme was incubated for 1 h in buffers of various pH values (pH 2.0-12.0) at 37 °C. C: Effect of
temperature on EstZ1 activity was determined using p-NPC4 as substrate in the temperature range of 0 °C to 95 °C in
Tris-HCI buffer (50 mmol/L, pH 9.0). D: Thermostability of EstZ1. The enzyme was incubated for 1 h at 37 °C, 60°C

and 80 °C.
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*3. EBBETMUFIRTIXIEStZ1897E HFm

Table 3. Effect of various metal ions and chemical
agents on enzyme activity

Reagents Concentrate Relative activity/%
None 0 mmol/L 100.0+0.4
Ag’ 1 mmol/L 113.2+0.7
Ca”' 1 mmol/L 93.1£0.1
K 1 mmol/L 85.8+0.4
Fe*' 1 mmol/L 111.2+0.3
Zn” 1 mmol/L 34.0+0.2
Mg™' 1 mmol/L 91.5+0.4
Na' 1 mmol/L 103.0+0.2
Mn” 1 mmol/L 93.740.3
Fe™ 1 mmol/L 146.5+0.0
Pb” 1 mmol/L 88.020.1
Ni** 1 mmol/L 103.1£0.9
Co™' 1 mmol/L 84.7+0.1
Cu™” 1 mmol/L 105.5+0.4
Hg™ 1 mmol/L 39.7+0.1
Al” 1 mmol/L 128.3+0.3
EDTA 1 mmol/L 125.8+0.2
SDS 1 mmol/L 60.4£1.0
-mercaptoethanol 1 mmol/L 21.240.1
Triton X-100 1% VIV 111.1£0.1
Tween-80 1% V/V 67.1+0.7
Methylalcohol 1% V/V 91.4+0.5
Alcohol 1% VIV 75.1+0.4
Acetone 1% V/V 95.4+0.5
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Cloning, heterologous expression and characterization of a
thermostable esterase from Bacillus sp. HJ14 for diethyl-phthalate
degradation

Zheng Peng, Junmei Ding, Yunjuan Yang, Junjun Li, Yuelin Mu, Zunxi Huang’

College of Life Sciences, Yunnan Normal University, Engineering Research Center of Sustainable Development and Utilization of
Biomass Energy, Ministry of Education, Key Laboratory of Yunnan for Biomass Energy and Biotechnology of Environment, Key

Laboratory of Enzyme Engineering, Kunming 650500, Yunnan Province China

Abstract: [Objective] A thermostable esterase EstZ1 from Bacillus sp. HI14 able to degrade diethyl-phthalate (DEP)
was heterologously expressed in Escherichia coli BL21(DE3) and characterized. [Methods] Full-length EstZ] was
obtained based on specific amplification and genome sequencing, and amino acid sequence of EstZ1 was analyzed.
EstZ1 was expressed in Escherichia coli BL21(DE3) using the pEASY-E2 expression system. EstZ1 was purified to
electrophoretic homogeneity by Ni>-NTA metal chelating affinity chromatography, and the enzyme was
characterized. The degradation products from DEP were detected by high-pressure liquid chromatography and
electrospray ionization mass spectrometry. [Results] The 903 bp full-length EstZI encoded 300 amino acid residues
(EstZ1: 33.84 kDa). EstZ1 showed the highest identity of 98% with hormone-sensitive lipase (HSL)-like family in
NCBI databases. The optimal temperature and pH was 50 °C and 9.0, respectively, with p-NP butyrate as the best
substrate. Meanwhile, it was stable between 40 and 70 °C, pH 7.0 to 9.5. Most of metal ions, chemical agents had little
impact. DEP could partially be degraded by EstZ1 to its corresponding monoalkyl and alcohol. [Conclusion] Our

findings may serve as reference for phthalate esters degradation.

Keywords: thermostable esterase, heterologous expression, enzyme characterizations, DEP degradation
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