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Characterization of a novel alkaline esterase (E22) from a marine
bacterium Altererythrobacter epoxidivorans CGMCC 1.773 1"

RONG Zhen HUO Ying-Yi XU Cao-Di JIAN Shu-Ling WANG Chun-Sheng
XU Xue-Wei’

(Laboratory of Marine Ecosystem and Biogeochemistry, Second Institute of Oceanography, SOA,
Hangzhou, Zhejiang 310012, China)

Abstract: [Objective] To clone and express an esterase gene e22 from marine bacterium
Altererythrobacter epoxidivorans CGMCC 1.773 1" and characterize the enzyme. [Methods] Screening
of the genome of strain CGMCC 1.7731" obtained an esterase-encoding gene, ¢22. The gene was
amplified by PCR and cloned into the expression vector pET-28a. Then, the recombinant plasmid was
transformed into Escherichia coli BL21(DE3) for heterogenetic expression. After purified by affinity
chromatography, the enzyme was characterized. [Results] The amino acids sequence analysis indicated
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E22 belongs to Family II of lipolytic enzyme. The enzymatic property assay revealed that E22 had
maximum activity using p-nitrophenyl butyrate as substrate. It was an alkaline esterase that had highest
activity at pH 10.5. The optimal reaction temperature was 55 °C. After incubated at 60 °C for 2 h, E22
still remained over 50% activity, which showed its moderate thermal stability. The activity of E22 was
not significantly affected by the presence of 1% methanol, 1% Triton X-100 or 0.1% SDS. On the
contrary, the addition of 10 mmol/L Ba*" and Ca*" would apparently inhibit the catalytic capacity of
E22. [Conclusion] E22 is a novel marine esterase with excellent properties such as thermostability, and
alkaline, organic solvent and detergent tolerance. These characteristics suggest its application prospects

in the industrial production.
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Wk Altererythrobacter epoxidivorans CGMCC
177317 5388 [ H AL B SR X TR, 1
ST Hp [ AR 0 Rl R R B AR 0 (China
General Microbiological Culture Collection Center,
CGMCC). ki pET-28a. ¥k Escherichia coli
BL21(DE3)# E. coli DHS0 AW ASZI 25 10 . T
B ak 22161V T8 2 Wi bk A epoxidivorans
CGMCC 1.77317, LB 8533 FH 3% E. coli™,
1.2 EERAFFNEE

FRAIVEPUIEE . T4 DNA 34320, New England
Biolabs 2\ 7] (NEB); Prime STAR GXL DNA R4 i,
AR TR RN R (TaKaRa); 43 Sl i)
&, OMEGA 2AH]; XASIEIRMING . XA EoRm 5
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AIRAH]
1.3 F3IaHh

eIk A. epoxidivorans CGMCC 1.77317 4
SEDR 2 TR R RS — B BB SE N €22,
/] BLASTp #2J¥(http://blast.ncbi.nlm.nih.gov/ )
HAA SRR T 5 5 R BR R F 5361 7 X o br o AT
O F B i FN 4 H, 5, (Isoelectric point , pl) il
ExPASy 04 % (http://www.expasy.org/proteomics) 7l
M, {55 MR SignalP 4.1 Server (http:/www.cbs.
dtu.dk/services/SignalP/)fiiill . Z /741 L4347
KM MEGA 7.01°ET Neighbor-Joining Jy VA4 7
RERKER .
14 wmESFRIE

LL A. epoxidivorans CGMCC 1.7731" LR 4
DNA M#¥itl, it PCR ¥4 HAYSER . PCR AHR
(50 uL): DNA #5542 1 pL; Prime STAR GXL DNA
B4 2 ul; 2.5 mmol/L dNTPs 4 uL; 10 pmol/L
EFWSI#45 1 uL; 5xPrime STAR GXL Buffer
10 pL; ddH,O 31 uL, PCR ¥ 88454 98 °C 10 min;
98°C 15, 60 °C 15s, 68 °C 35 s, 30 MfEFF; 68 °C
10 min. SI¥F5R: BS54 5'-TCGCGAGCTC
ATGGCTGTTGGCAGCTGGTCG-3' #1 F i 51 4
5"-TCCGGCGGCCGCTCAATCGAGCGCTTC-3',
Forp BRI B VAL A Sac 1 H1 Not 14350 i T fil 2%
bt o B PR AR 1Y B A9 L 5 Bk pET-28a [F]
it Sac 11 Not T BRI W 1k J5 % 42, 153011
T4 kL pET-28a-e22 %4k A E. coli DH50. 4l if
FEYHG, $RIBOTURL I 56 15 O TE A SERE
Fe 8 B UE 5, ¥ 4L R ¥ kB A E. coli
BL2I(DE3)4H il 35 IR Rk o FFBEFR M ODgoo 15
# 0.6-0.8, A 0.5 mmol/L IPTG 5%, 16 °C,
200 r/min £55% 20 h, 4 °C. 5 000xg &.0> 15 min
W SE 41 i

1.5 felgsh

WA 1 T 4% FH Buffer A (500 mmol/L 58 1k4
10 mmol/L KM, 20 mmol/L Tris-HCI, pH 8.0)H &,
FR A P, BT 4 °C. 12 000xg /=i
B0 20 min Ji5 , i3 Ni-NTA SEFEHH4ifb 8B .
alifbid A . K Buffer A SEATERZME)S, B
BLDIEW FIEBIA SIS Ni v Bghs, R
A Buffer B (500 mmol/L 5 fk4#, 50 mmol/L DKMk,
20 mmol/L Tris-HCI, pH 8.0)#1 Buffer C (500 mmol/L
FALEN, 250 mmol/L BKME, 20 mmol/L Tris-HCI,
pH 8.0)IK K ¥k B 2 1. (MBS 12.5% 1
SDS-PAGE # l 6 6 v 2 (1 e S s BE, IR
Bradford" "y #0021 <
1.6 FEEMHRAR

Vi Tt A4 T 7K Sk X i 55 O T I A % i 38 O
My, R R 26 11437 1 (Beckman DUSO0) &
2 min AR B X SE ORI BIOEL, AR LA — S
KT By WA AR A SRR S 748 o SO A A
Z A 10 puL 0.1 mol/L X AHFEEZRE} T HRMR, 980 uL
100 mmol/L Ches-NaOH 2%t (pH 9.5)F1 10 pL 4§
UG BB, BUAZR N 1 mL; VIR N 35 °C,
WG K 405 nml' CETE A AMIEE, ORI TE
IR AR EE Tl ). AR AR 3 AT
BRI LA KIS il A A R A R0 B — i
TG BN SR « A0 DG i S5 s i e £ 7 A
1 pmol XAFEIREY T 2B . H 100 mmol/L
Ches-NaOH 22 4% (pH 9.5) Bt &% il HE 28 By s o
0.01-0.1 mmol AR EERR L, 43511 HAE 35 °C K&
405 nm P T BTG , bR ot 53
SR HEZEI 6 R B 141 L(mmol-cm)!'™,
B4 b B % BT 25 i R L ¥ /4 GraphPad Prism
615
1.6.1 JEY4ESM: 7655 °C Ml pH 10.5 &M4F,
JLNAAR R IN ALK R 1 mmol/L AN [FBEK /Y
XA EE, FARGSE: ORI, C2; THRME,
C4; CRls, C6; “FlglR, C8; ZXMKMHE, Cl10; |
ZWRME, Cl12; TIURRER, Cl4; TSMRAEE, Cl6.
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1.6.2 FIERL pH: 7F 35 °C 54 GiEf & IR vt
AR GE i pH {520 )% 200 E AR pH 451
348 nm P WHEFEAEBE pH M50 )
IEAE . T S B ALHE : 100 mmol/L iR — A
BB R A AR bR (pH 7.0-7.5) . 100 mmol/L
Tris-HCl 2% M % (pH 7.5-9.0) A1 100 mmol/L
Ches-NaOH Z #/if (pH 9.0-10.5)
1.6.3 FERLRESHIEEMN: HHrERR
BT AFNRE(15-60 °C, [AlfE 5 °C) N L, EEE
e R AE . K sl b5 BRE S 51 & F 40, 50
160 °C 1¥F 1 h il 2 h, TERGESVIRE 55 °C 4
A 3 0 2 R T
1.6.4 £EBETX EDTA M31E: FIARAHEE
BT EEAIE J1RE , FEARME RS AR R T il A
10 mmol/L /¥ Sr**. Mg®". Ca*". Ba®>'8i 2 — &bz,
BR(EDTA)Y, I5E WS 1. LA NS )& B
TFHIFRE ROV IA R .
1.6.5 BHBEFIRERFMZME: HAPAFEAHL
VN B RS AT 150, FERRIE R AR 22 4y
FINA 1%B955 M EE(Isopropanol) . ZJiF(Acetonitrile) .
i (Methanol) . £ (Ethanol), MN(Acetone), —
FH 5LV 1 (Dimethyl sulfoxide, DMSO)., — F 5t I ik
& (Dimethyl formamide , DMF)a{ H i (Glycerol) &4
L, 0.1%8 -+ —Le L8 FR M4 (Sodium - dodecyl
sulfate, SDS)ak 1% £ — iy FE 28 FL ik (Triton
X-100), MiH-20 (Tween-20)5 M- #H-80 (Tween-80)
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17 HEBRFIERS

A. epoxidivorans CGMCC 1.7731" BBg LA
e22 # IR F 41 1Y) GenBank & 53t 5> WP 061923136
H1) Locus_tag AMC99 00842, HZ{KLIRF41 % 5
54 ALE16145,

2 GREAM
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WX A. epoxidivorans CGMCC 1.7731" %

IR ZH 3, T e IR A5 1 e22 JE R, Hoh—A~ 693 bp
(TP 2 AE , it 230 MR SERR, T E22 H:
XS o T JF e 25 kD, pl N 4.26. SignalP 4.1
Server M4 R BN, E22 HA "Mk, U
E\ N AL F A 17 F0 18 06, AR (E 4 0.579.
il NCBI - BLASTp X}, Z5RE/R E22 1Y
IR P55k H @tk Erythrobacter sp. AP23
BB E BE B Arylesterase (WP 067695227))F 41 —
Hkmm, 8% 64%. 4 E22 5K [F KT R
IR T AN AT G B R R BN, 245253
WK E22 JB TEEEESS — K % (Family 11) (& 1),
ClustalW X85 20, AT HA MR A8 R 2
T RIRBEREEEAE R GDSL LY (E22 1 145-148
i G S HR).
2.2 fislf E22 MORE 54

BERG LR €22 5 pET-28a i&E#2)5, 4 Fok:
AL A E. coli DHSo ¥ B4 - 56 UEM . 1M K 2
H TR A E. coli BLZI(DE3) Wi Sk, HH
4fifbJ5 " SDS-PAGE #5R /s, HEAHEM E22
AR 20 TR 2000 25 kD, S HAHSE, K
2 iR
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e AN [ 4% K %) %o il 35 25 0 iR (C2—C'16)
YERIEYD, 4yArlalE B22 MY, S5 aniE
3 PR o BRl E22 3 S0 B IS WX i B8 T
FRTR(CA)HAT ALK AR AR, K e B I T
Heom(ME SN 25 Ulmg), 2920 C6 VEIEEMII Y
10 f. E22 X REHEICH HAT 09 /K i e ) R I HUE:
—ANBR T A DR

&l 4 7R E22 J&—MPERRRE , 75 pH o 10.5 /Y
THOL T B I ARIRAEIS K. . ¥ T Britton-Robinson
SEWmR PN E pH 11,0, 11.5 F1 12.0 404 F 1ol
71, (B FIRYIER pH 2&0F FIRYIXHR IR T
AN S AT NSNS S o el o4 § |- RSN i
AN SE A pH YL FEI N, E22 7€ pH 10.5 504 F B fie
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100 Archaeoglobus fulgidus (AE000985) T
Pyrobaculum calidifontis (BAC06606)
Alcaligenes eutrophus (L36817)
Uncultured bacterium (AGF91878) Family IV
Burkholderia thailandensis (YP 442879)
61 Microscilla marina (EAY27346)

— Moraxella sp. (P24484)
Pseudarthrobacter oxydans (Q01470) 1

Streptomyces coelicolor (CAA22794) .

100

99 39E8acillus subtilis (P37967) Family VIl
68 Uncultured bacterium (AGS38342)

100 —Psychrobacter immobilis (Q02104) ]
L—Moraxella sp. (CAA37863)
) iESpirulina platensis (S70419)
Synechocystis sp. (BAA17218)
100 Pseudomonas fluorescens (S79600)
99 Coxiella burnetii (AAO91464) |
100 —— Pseudomonas aeruginosa (D50587) ]
79 L Burkholderia glumae (WP 042628289)
74 —Streptomyces albus (AAA53485) }
100—— Streptomyces sp. (AAB51445)
—Streptomyces anulatus (CAA78842)
100 =Y Pseudomonas fluorescens (AAC60471) ]
100 —————Salmonella typhimurium (AF047014) }

Family V

Family VI

Family I

Family 111

Family VIII

L Photorhabdus luminescens (P40601)
&:élltererythrobacter epoxidivorans E22 (WP 061923136)
99 Erythrobacter sp. (WP 067695227)

100 Pseudomonas fluorescens (WP 011335313)
9% Shewanella frigidimarina (WP 011638018)
84 Pseudoalteromonas atlantica (WP 011575678)

1 E22 5HMEERKBBHRELEH
Figure 1 Phylogenetic tree of E22 and other lipolytic enzymes
T FES AT N GenBank B5ES; AN ABUEFRRIET 1 000 R ELZHEER Bootstrap 5K ; bR RFR BRI K; &
RIS LR OB MR
Note: The numbers in the bracket denote the GenBank accession number; bootstrap values are based on 1 000 replicates; bar scale indicates
0.20 amino acid substitutions per site; and the numbers represent family of lipolytic enzyme which proteins on the branch belong to.

Family 11

1 2 3 M kD 100
—100
s —80 o
. 58 < 80
- Z
d —46 ; 60
) 8
2 40
IS
- - £ 20
—22
0
—17 C2 C4 C6 C8 Cl10 CI2 C14 Clo
Substrate
—1 3 [EElEE E22 MEMERME
Figure 3 Substrate specificity of E22
A o 'S Sl 22 Wiy V) Sl A IR
2 ESHS £22 4 SDS-PAGE “E'f‘ 55‘ C il pH 1?.5‘mfﬁFT{J\JA‘El’—W§{§jﬂE, VISR RS T
Figure 2 SDS-PAGE of E22 %ﬁ;ﬁ(cﬁgﬁﬁi%ﬁ%‘f j7t 1oof/:.h e -
N . RS S A I 195 L S L M ote: The esterase activity of the purified recombinant enzyme
Hj hl 3: HlO 50 = 250 mmol/L PRI R i : M: E22 towards various chain lengths of p-NP esters was assayed at
PRUESN Tk Marker. 55 °C and pH 10.5. The highest level of activity with p-nitrophenol
Note: 1-3: Elution of 10, 50 or 250 mmol/L imidazole; M: Marker. butyrate was taken as 100%.
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100 —o-Citrate buffer

—m Phosophate buffer
—&—Tris-HCI buffer

80 —¥—Ches-NaOH buffer

60
40 /
20 /

0

40 50 6.0 7.0 80 9.0
pH

Relative activity (%)

10.0 11.0

4 pH 3 E22 BRI

Figure 4 Effect of different pH on the activity of E22

TE: DI ASERDY TIRIE N IRY), 35 °C Z4F FIE AR pH
I 1 {EL

Note: The activity was determined using p-nitrophenol butyrate as
substrate. The assay was performed under 35 °C.

e dd SN I R ) SRR A5 AR AN E 5 fR, E22 7E
15-60 °C YUl NIA TG, HAE 55 °C &40 T L%
R KR . AR EM R LIRS R R,
40-60 °C 214 T E 1 h X E22 B G J1 Ak,
I A7 80% LA F (W& 15 30 °C F1 40 °C 5 H
2 h JEEEE I EA 80%LL F, 60 °CHiFH 2 h )5
HA 45%M S 1, ULOIERRE B22 HA RAFAg#A
FoEtE(E 6).

100
80
60

40

Relative activity (%)

20

10 20 30 40 50 60
Temperature (°C)

5 REX E22 BRI

Figure 5 The activity of E22 under different temperatures
T DAXTRSEARE T RRBR VRS, AEhrE e tE T I AN R
THIBEE JIE, K 55 °C S T IR ERGE1E R 100%.

Note: Enzyme activity was determined with a series of

temperatures at pH 9.5 using p-nitrophenol butyrate as substrate.
The value obtained at 55 °C was defined as 100%.

100 ¢ —e—1h
L
g 80
)
2 60t
o 40t
g
~ 20}
0
40 50 60

Temperature (°C)

Ele E22HIRIZEMHAR
Figure 6 Thermostability of E22

AR PH S TR E22 BB 1A A
FEHE M BIVE (& 7). MILEIT S, Mg® 1 Sr™ %o} i
BTG PR AR A /N E22 RS IR A 78% LA L AYTE 775
Ba” B FUINH E22 AUMEILKfRBE J1, {UPRER 34%2E
RS 1 o A HLE I 2 P2 ss b (E 8), InA SR
PR S /K A Sy R PR, 3 SOG4
1B, HoAh A WL I S B IE R, Hp (LR .
TR R R T E22 A IR, T
P 2PN — H AR G ) TR, T
E22 JEMEIRE T 30%A b FIRFIE S b (A
8), 0.1%# SDS F1 1% Triton X-100 FJ & 15,
WG I . 2550, E22 EUA BT I WL &
FHEFi 24

Relative activity (%)

None  Ba* Ca**

Mg* Sr**  EDTA

E7 ZH&EABETFEDTA 3 E22 &R0
Figure 7 Effect of metal ions and EDTA on activity of E22

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



1628 WA 248 Microbiol. China

2017, Vol.44, No.7

_ R IR 0 JE ) R L B ) 42 5 WG 25 4 A T A K i

< FRP, i — XS B A £ TR it

2 0 SRR (L JF LA TR S PR S

2 60 GESLFRN], BREE E22 BAT (RS, O,

I TLINHE pH LRI, B22 SRl
7 PERERE , FCXTRAE ) i 272 [RTIR A Family 11 R Ag
RN FARHILGE 1), ¥ E22 SIEAAC AR
A

8 FHAEFIRERFX E22 & ERF M0
Figure 8 Effect of detergents and organic solvents on
activity of recombinant E22

3 i

AEE, ISR BRI TAERGS TR A2
W, DG VERZEY A &, SR BTN
Bk T VF P A SRR AR e R e
o SEAR i AR AL T AR Y R RS Ak, i
153288 Horb B AR A1 B 8 2 08 1A W M ot
PR, DA sm RS v A M B
X5 2 A AR BCHT R P il E g ] 22—

TEABETE D, FATLA & B IR TR R 2R A
HFHARE A. epoxidivorans CGMCC 1.7731" 5%
XI5, BERERIE T — P RIERE LR e22, FFRSR
THEg R AR TN T RER], E22 R
TREIOK GRS — KR, SR IR LU S
HAGIGAR LB AR, HIE A e 5 A RS
A G AT A &, A RIG1E, X (15

VEBRPEBR B L (3 2), & HAT 308 AR B0 s
pH {H. E22 7EM ARy s e, (A
R B S A 1 AR v B T A PO
U, TR AR A A K BRI 3 2 s AR i 328 17 A%
TEREECT (R B i 0 o 03 IR A R LR E
P 2208 SIS R IX TR E22 A HEH
R A48 Ak 2 5t VR BE (55 °C) Rl B 4 0 B RS o
(60 °C 7 2 h J5 K 2] 51%F AT, K5 ]
HFIRUURWIACIR ) Est_p1PY EstFC EM2L8M |
Est1 2PV EstaP I H, S5REOR E22 fERAE
Py HA BRI, 5=, E22 HA RIFHAHL
VR B YRl 32k o SEBR Tk 2B =, TR AL
PRERAK A . A B S 40 B0 s FE AR 2l K PRI Hp
17, BEEAVUIERIAAE R BE5 1% R BRI T HAE T
PR R R AL R SR R, 7E—
ST LB R (1 %) FEAETE LT E22 BRG AN s2 8 3Z
B, FLEIRA A HLIA T RERS I U LS 2
o UEAh, E22 I 32 £357] SDS il Triton
X-100 [IREST, BXCHIEI T B EAR Tl )
w71,

£ 1 E22 5HAt: Family I BEESAYEE S 14 R ELIR

Table 1 Comparison of the enzymatic properties of E22 with other esterases of Family 11

FiE IR 60 °C % 2 h FI4E M

P PRI FIE Y Iit7hs Ontimal i pH Residual activity aft
. . ptimal . esidual activity after
Name Resource of strain Optimal substrate Substrate range temperature (°C) Optimal pH incubated for 2 h (%)
E22 A. epoxidivorans C4 C4-Cl16 55 10.5 46
EstSL3%  Alkalibacterium sp. SL3 C2 C2-C6 30 9.0 <10
EstSONP" Pseudomonas sp. S9 C4 C2-C8 35 9.0 95-100
EstL5™% Geobacillus
thermodenitrificans T2 4 €2-C8 60 80 75-80
EstHE,*”  Unidentified bacterium C2 C2-C6 40 7.4 80
EstAB” Serratia liquefaciens MG1 C4 C2-C6 NR 7.0 NR

e FRRGRIARTE VETE RIS 25 F T INE ;. NR: SR B/ ARG R

Note: Residual activity of esterases were measured under optimal conditions; NR: Not record in the literature.
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F2 E22 SHMMH RIS R LR

Table 2 Comparison of the enzymatic properties of E22 with other alkaline esterases

S ZYET:
P SRR BOE Y Hé t’mT fcil pH Thermostability
. Optimal phma Optimal R TR W HE ] RN TR
Name Resource of strain temperature
substrate °C) pH Incubation Incubation Reaction Residual
temperature (°C) time (h) condition  activity (%)
E22 A. epoxidivorans C4 55 10.5 40 2 55°C 88
60 2 RLARS 46
RhLip®  Rhodococcus sp. C4 30 11.0 50 2 30 °C 20
pH 10.0
Est pl®Y  Marine sediment C4 40 8.57 40 2 40 °C <40
metagenome pH 8.57
EstFt™ Marine sediment c4 50 9.0 40 1 45°C 85-90
metagenome 60 1 pH 8.0 0
EM2L8P*  Marine sediment c4 50 10.0 NR NR NR NR
metagenome
Est12® Marine sediment C6 50 9.0 40 1 40 °C 85-90
metagenome 60 1 pH 9.0 0
Est4t! Marine mud C4 45 8.0 40 2 30°C 90-95
metagenome 60 2 pH 8.0 <30

T NR: ORI HETER,

Note: NR: Not record in the literature.
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