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Abstract: [Objective] This study characterized a novel esterase EstE from Streptomyces griseus by
heterologous expression in Escherichia coli and systematically evaluates its thermostability,
alkaline stability, and the effects of various additives (metal ions, detergents, and organic solvents)
on its enzymatic activity to explore its potential for industrial applications. [Methods] We
synthesized the gene estE' encoding the same amino acid sequence as the native gene by optimizing
the original sequence of estE from S. griseus. We then constructed the recombinant plasmid
carrying the optimized gene by ligating the gene into the pET-28b(+) vector. The esterase EstE was
then expressed under the induction of IPTG and purified via Co®" affinity chromatography.
Furthermore, the enzymatic properties of the purified EstE were determined by the p-nitrophenol
method, and bioinformatics analysis was performed for this enzyme. [Results] EstE consisted of
289 amino acid residues, with a molecular weight of 31.6 kDa. It belonged to the GDS(L) family,
with Ser'®, Asp', and His*** forming its catalytic triad. The enzyme showed the optimal activity at
40 °C and pH 8.5, with the highest catalytic efficiency (specific activity of 61.03 U/mg) observed
in the case of p-nitrophenyl acetate as a substrate. EstE demonstrated robust thermostability, with
the relative activity of 50% after 156.11 h of incubation at 40 °C and 2.67 h of incubation at
100 °C. Moreover, it showed excellent alkaline stability, with the relative activity exceeding 80%
after incubation at pH 8.5 for 100 h. In addition, this enzyme exhibited excellent tolerance to
organic solvents, maintaining stable activity in the presence of 30% DMSO.[Conclusion] A novel
esterase EstE from S. griseus is successfully obtained through heterologous expression,
demonstrating excellent catalytic properties, thermostability, alkaline stability, and organic solvent
tolerance, positioning it as a promising candidate for industrial applications.

Keywords: hydrolase; heterologous expression; thermostability; alkaline stability
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50 mmol/L F R MR (pH 5.5-7.0). 50 mmol/L
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CaCl,. NiSO4, BaCl,, MnCl,, CuCl,. MgCl,.
HgCly. AICL). A ML 7 [N,N- - HT 3 sk i
(N, N-dimethylformamide, DMF), — H %t iV i
(dimethyl sulfoxide, DMSO). H g . Z 8. &
W& PIER]. IR oS b B = YRR R A B
(cetyltrimethylammonium bromide, CTAB), + —
f5¢ B i 2 £ (sodium dodecyl sulfate, SDS) . 0t
i -20 (Tween-20) . Pif-80 (Tween-80), L —
P KL LTk (triton X-100)], 1 25 °C. pH 8.5
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EstE R AREHE , DOREIMEAT {24350 1) EstE
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1 mmol/L 1 10 mmol/L, A L ARIMAAF 53
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2.1 [EEEEEE estE BRI R A AR

W5 K 0 i B T Y 8 R (NC_010572) 3 [K] J2
SGR_RS31360 fir g ith (1) i 1§ 3L (X iy 44 4 estEo
ZEE AR g o AR B R T 9 R IR AL s R
7453938, LIk 7454807, 41K 870 bp,
BT w8 (R4 K 289 NEIERR, T H A+
4 31.6 kDa, 7F GenBank 175 [ 5 19 9w 5
WP_003970591, 4 HAn 44 Al EstE. B T%
FH GHC FEm, Ak 73.8%, XHHAEK
T S R AR A2 B BRI . Rk, AL
AT B i o 25 R A T 28 A 1 PRI
G+C & Wy XT3 ] estl EAT0AL . T4k
I TR Tt R TR iy 44 A estE, JHL 3 PRI 8 A T 2 )
() LR 7 S AR FE R AE A5 RGP 5 A L,
G+C & 73.8% [ 64.3% (£ 1),
2.2 FEEE EstE BIEEEFE S

NUESE EStE TR0 T 7KV BRI RGOSR,
XN Y 8 AR BRI ST Y 22 MR AL

x1 FEREBE [EestE \ TR UWATE R EELF I

mak
Table 1 The comparison of nucleotide composition
of estE' and estE
i HEALH (estE) Ak S5 (estE")
Nucleotide  Before optimization After optimization
W b W bk
Count  Proportion Count  Proportion
(%) (%)
JRIESA 107 123 122 140
famEEC 319 367 227 26.1
HIERG 323 371 332 382
WafgmsnET 121 13.9 189 217
C+G 642 73.8 559 64.3
A+T 228 26.2 311 35.7
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WK B S 4 NMRSE R B, T, LA Y), B, BE—23EF AlphaFold #4 % EstE 19 =

A 100 ——AAAS53485
—— L AAB51445  Family III
53 CAA37220
EFE73899
00— .
ﬂ:EstA Family VI
e KDN75141
100 AAA99492 .
CAA78842  Family VIII
AAC60417
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100 AABg9s33 amily IV
100 P37967
|72| Q01470 Family VII
CAA22794
0.1
B
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EstE 170 PVIRLEAL
OCC12658 170 MR Lzl
MYV62511 170 p V3R L1
1TVN 152 gbﬁ
4JGG 175 |QANG TP

AAC38796 b1 LHVEGDSLSD VAIEIN Y AA GG IREVAH WG GND YA F A DEF#E P

CAA47020 Xy LMVIAGDSLSD gl BN Y A A GG BRI HwWMGGND 325 kNl Fiie
A

A A A A A

A

El1l EStERNRGABERFFI5TH. A: EstE (®)RGEK B /T (EHMEGA 7048 A R R E
B, A IR MNCBIHE R R A2, 7350 ERYECT R 1 0000k 28 E i nl SEME Ao e B fi
F Clustal W HIESPript %] EstE 5 A 5 SGNHZ /K fift B (4 Fr 1) LU XS 23 M [ J (07 HE 2 7m 4 PR i 91 IXCBR (1
I, HIAV), REO=MIEFREEDN RN X ARHIE IR, A — IR S B B8 2 7o il AL (¢
O=MIEFRR].

Figure 1 Phylogenetic and sequence analysis of EstE. A: Phylogenetic analysis of EStE ( 9) (The tree was
constructed using the neighbor-joining method in MEGA 7.0, and all sequences were retrieved from the NCBI
database; Numbers on branches indicate bootstrap support values from 1 000 replicates); B: Sequence alignment
analysis of EstE with related SGNH family hydrolases using ClustalW and ESPript (Conserved sequence blocks
(I, 11, 11, and V) and characteristic residues are indicated by black boxes and triangles, respectively; The catalytic

triad and oxyanion hole are highlighted with red and green triangles, respectively).
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Ser'® i F ol ¥EHE L, Asp'™* T oo Fl oo I,
His™* i T oo B25E I, EAIEZS ] L RETE B
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SDS-PAGE 43 #r. 453 W /RTEREIR 35 kDa &b
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WIHSE R 31.6 kDa, HTEAFR -&F 6 1
His b2, S1ZPRZE) EStE 40 F 28 32.5 kDa,
5 AN AR 3 T WL, R

EstE W IIE KA HFF i S8l 1 558, Jf3R
5T EaiE R E A=Y
2.4 [EES EstE FIRIE R

PUAS ) B 4 B (Co—C ) PR A T T
JEEY), AR RS EstE A BETE TR A LS 7.
45 B ANE 4 BT os, EstE i 4 7K i 4% T 2k
(Co-Cy), FLIRIE ST IR N pNPA, (Cy), HLB
EH R REOIG TN, EstE By AR X % 7 5 W7
o MIEYRREE K KT 6 (Co—Cie)it, EstE fiY
AH X G 1 T 10% (8] 4A); LA pNPA, FlI
PNPB WA, EstE AILLERE 510 61.03 U/mg
F132.46 U/mg (K 4B).
2.5 [5EE EstE AY5 & pH FIREERE M

TE 25 °CE& T, LURTR] pH E AY 28 i
(pH 5.5-10.5){ & EstE BG4 . 458 Wow,
EstE B pH A 8.5, 7E pH 7.5-10.5 JE N,
fi 1% 1 e R 1E 60% L) F (K 5A), #E— %
EstE Hyffe e i T4, 45 R AnEl 5B P,
76 pH 8.5 204 W 24 h Ji7, EstE FOAEXT 1%

E2 EstE=HEMARMEMEFEE . A: AlphaFold Wil EstE = 4RI 2R (0 F /R a-IRE, 216
BT, EOIOR TG, PR SRS Asp'™ | His™")]; B: it PyMOLSMT Y
EStE A [ v S4B 0 FNZL 8 DIl 3 3 A3 1 Ha A A 67 LT 2041 )

Figure 2 The 3D structure and surface electrostatic potential analysis of EstE. A: The 3D structure of EstE
predicted by AlphaFold (Alpha helices, beta sheets, and random coils are colored green, red, and yellow,
respectively; The catalytic triad (Ser'®, Asp'®*, His***) is shown in magenta); B: Surface electrostatic potential of

EstE analyzed by PyMOL (Blue and red regions represent positive and negative charges, respectively).
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E3 EEESEStERISDS-PAGE 4. JKIEM: FrifE
PRI s JKiE1: EstEANMIRUAM; JKkiE2: EstE
e URAS TR DRI R 1= I Y ) S8 O

SDS-PAGE of EstE. Lane M: Standard
marker proteins; Lane 1: Cell lysate of EstE; Lane 2:
Supernatant of cell lysate of EstE; Lane 3: Purified EstE.

Figure 3
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Figure 4 Substrate specificity and specific enzyme activity of EstE. A: Specific enzyme activity of EstE; B:
Substrate specificity of EstE. Different letters indicate significant differences (P<0.05).
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Figure 5 Effects of different pHs on enzyme activity of EstE. A: The optimal pH of esterase EstE (The activity
was determined in 50 mmol/L buffers: sodium citrate buffer (pH 5.5-7.0, B), Tris-HCI buffer (pH 7.0-9.0, @),
and KH,PO,-KOH buffer (pH 9.0-10.5, A)); B: The pH stability of EstE (The enzyme was incubated in Tris-HCI
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Figure 6 Effects of different temperatures on enzyme activity of EstE. A: The optimal temperature of EstE (The
activity was determined in Tris-HCI buffer (pH 8.5) at various temperatures (15— 65 °C) and the error bar

represents the standard deviation (n=3)); B: Thermostability of EstE at 40 °C for 26 h; C: Thermostability of EstE
at 100 °C for 10 h.
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Figure 7 Thermal inactivation kinetics of EstE at 40 °C and 100 °C. A: Thermal inactivation kinetics at 40 °C;

B: Thermal inactivation kinetics at 100 °C. The linear relationship between time and the logarithm of relative

enzyme activity of EstE (In E/E,, where E, and E represent the initial enzyme activity without heat treatment and

the residual enzyme activity after heat treatment for different times at 40 or 100 °C, respectively).
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Figure 8 Effects of metal ions, detergents and organic solvents on enzyme activity of EstE. A: Influences of
different metal ions (1 mmol/L and 10 mmol/L) on EstE; B: Influences of different detergents (0.1% and 1%) on

EstE; C: Influences of various organic solvents (15% and 30%) on EstE. Letters indicate statistical significance
among groups (P<0.05).

EME . B, Yuan 500 B SE ORIE TG EERE 7F 100 °CF, EstC 1 EstA 43505 8 h A1 6 h
1 WO007 fUBSEE MAST 76 60 °C RIS E 1 hfn B[R 50% FORETE, EstF £E 100 °CHyF 3
AR+ 80% LA b B9 AH X 1% PEPH, gk — 2, WM 2.86 he ARBFT A B K (U BE RS 1 4 B8 2%
Wang %62 Fang 25" Chang Z5UVE M Tk H  EUEERE EStE 78 40 °CHI 100 °CA1F T ik 2510
TR AR HYTT HERE T TK24 1Y 3 FIAECEVERRAR, 205008 156.11 h M1 2.67 h, dE—2ukW T BERE TR

http://journals.im.ac.cn/actamicrocn



2212

LI Quanfa et al. | Acta Microbiologica Sinica, 2025, 65(5)

2 ESstESHtGDS(L)ZREAEBIVEEF 14 R LR
Table 2 Comparison of enzyme properties of EstE with other enzymes from the GDS(L) family

o P WEE | AofpH  ROEIRY WS S0
Enzyme Source Optimal Optimal  Optimal  Specific References
temperature pH substrate  enzyme
(°C) activity (U/mg)
AaSGNHI1  Aphanizomenon flos-aquae 10 8.0-9.0 G, 1.70 [16]
Ali5 Altererythrobacter ishigakiensis 40 7.5 Cy 14.60 [17]
Est804 Metagenomic library in pesticide degradation 37 8.0 Cg 48.97 [18]
Lip29 Geobacillus thermocatenulatus 50 9.5 Ciy 2.27 [19]
Est29 Geobacillus thermocatenulatus 55 6.0 Cyg 0.92 [19]
EstE Streptomyces griseus 40 8.5 C, 61.03 This study
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