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Table1l. Strainsand plasmids
Strains and plasmids Application Source
Strains
E. coli IM109 Host for cloning target gene Thislab
E. coli BL21 (DE3) Host for target gene expression Thislab
E. coli BL21 (DE3)/pET-KT2440 E. coli BL21 (DE3) harboring pET-KT2440 This study
E. coli BL21 (DE3)/pET-K207A E. coli BL21 (DE3) harboring pET-K207A This study
E. coli BL21 (DE3)/pET-K207R E. coli BL21 (DE3) harboring pET-K207R This study
E. coli BL21 (DE3)/pET-K207S E. coli BL21 (DE3) harboring pET-K207S This study
E. coli BL21 (DE3)/pET-K207T E. coli BL21 (DE3) harboring pET-K207T This study
E. coli BL21 (DE3)/pET-T206S E. coli BL21 (DE3) harboring pET-T206S This study
Plasmids
pMD19-T The plasmid for target gene cloning Thislab
pET-28a The plasmid for target gene expression Thislab
pET-KT2440 pET-28a containing KT2440 This study
pET-K207A pET-28a containing K207A This study
pPET-K207R PET-28a containing K207R This study
pET-K207S PET-28a containing K207S This study
pPET-K207T PET-28a containing K207T This study
pET-T206S pET-28a containing T206S This study
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112 FZERAMANLEF: Primerstar . T4 DNA
Ligase, FRIMEZIRNDIEE . IPTG #4Ilg T TaKaRa
A=W BRA F] o Bk B EGR £ R DNA RIS 7]
&F OMEGA BIO-TEK . DNA Marker It F KA
HARHARA A . 51 H O R UFRHCR
RS Al A B B A A F Sigma-Aldrich 23 A,
BT NADH 19 R gk A w], Hautnh
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R VX750 I T 36 [ Sonic 23 F s AKTA &
AR B TR RUEHTHEIG T 25 GE A H],
1.2 EZHHE E. coli BL21 (DE3)/pET-His-K T2440
EiAfe:s

K H PCR Wik, MIME 2 hiys5ly
KT2440_F 1 KT2440_R, Ll P. putida KT2440 3t
N4 At , §3EH ItaE JEMR R HE B 3%k
# ik pET-28a I, Ff#%1L %] E. coli BL21 (DE3)I)
WA, kBT DNA I FEEAIE, G E A
I E. coli BL21 (DE3)/pET-His-KT2440,

1.3 HHREFAEARE

¥ E 20 E. coli BL21 (DE3)/pET-His-KT2440
FeAP 37 50 pg/mb RAREE R 1Y LB IAR: T Ak,
F 37°C. 200 rimin kK 8 hm, Fizsl 1L
R R, K572 ODeoo & 0.6-0.8, ME5HF
FEFP I AL N 0.5 mmol/L /Y IPTG, F 25°C
VR 14 h 5, WCERTRIR . TR 1A P B e
JE ) EHR T SDS-PAGE 43, Kl H bR 1

LTA k.
14 HHZML

FREX 10 g ¥R 1A E. coli BL21/pET-KT2440,
#ET 0.1 mol/L Tris-HCI (pH 8.0)1, T-ukinrhid
PRI (T AT 2 s, [RIF 3's, TAEETIE 20 min),
4 °C 4T, 12000xg 5.0 30 min, WL FiEH
VERHH B . ) FHER BT 2R AZ AT 2lifk . XHIE
FeSE LTA dbfralifb!™, aliins o ag bk s T
it 15 300 E
1.5 BHE 890 E

K NADH (BB . L 2 i Ul
(ADH) I 55 75 22 I T 20 Ol 0 593 o 4 1
Mg E R H A R W, W R 2 B
AMFTER, B R R S, TR RRE
NADH E ki NAD", 5[ 340 nm LbWBAE 1728
fbo LTA FEISIE : SRNAAF 250 L, 43500
AZH S A 0.1 mol/L i) HEPES-NaOH (pH 8.0) .
0.5 mmol/L () NADH, 50 mmol/L ) L-#h%R .
50 umol/L i PLP Fi1 ADH (0.1 mg), 30 °C i 3 min,
I S 40 S 16 448 340 nm WS 19 AE
ko LA IS IR 1 BSA MARMES . BEE 1178 X
e B EREFMTE, BareEILAE AL 1 umol Y
NAD™ ) il i 78 LA — A TG S o BRI T F0 L i
ol AKX (O)MAX Q).

fif 1% (U)=EWxVx 10%(6220%0.3) AR(D)
FG 3 (U/mg) =i (U)/2E 1 4t (mg) ~3(2)

2. MEREEKREMENSY
Table 2. Primers used in construction of expression system

Primers Sequence (5'—3')
KT2440_F ATCGGATCCATGACAGACAAGAGCCAACAATTCGC (BamH 1)
KT2440_R ACTCTCGAGTCAGCCACCA ATGATCGTGCGG (Xho I)

The restriction endonuclease sites are underlined.
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#z 3 MEXRTEHERSIY
Table 3. Primers used in construction of mutants

Primers Sequence (5'—3')

K207A_F ATGTGCTGTGCTTTGGCGGCACCGCGAAC
K207A_R GCTTCGCCCACCGCCATGCCGTTCGCGGT
K207R_F GTGCTTTGGCGGCACCAGGAAC

K207R_R ACCGCCATGCCGTTCCTITGGTG

K207S F ATGTGCTGTGCTTTGGCGGCACCICGAAC
K207S R GCTTCGCCCACCGCCATGCCGTTCGAGGT
K207T_F ATGTGCTGTGCTTTGGCGGCACCACGAAC
K207T_R CGCCCACCGCCATGCCGTTCGTGGT
T206S F ATGTGCTGTGCTTTGGCGGCTCCAAG
T206S_ R CGCCCACCGC CATGCCGTTC TTGGAGCC

The mutant sites are underlined.
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1. LTA ZERKRES4 L SDSPAGE 2#7
Figurel. SDS-PAGE analysisof LTA expression and
purification. M: Protein molecular weight markers;
lane 1: The cell-free extracts of E. coli BL21(DE3)/
PET-KT2440; lane 2: The cell-free extracts of E. cali
BL21(DE3)/pET-KT2440 induced with 0.5 mmol/L
IPTG; lane 3: The purified LTA.
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Figure 2. Effects of temperature on activity (A) and stability (B) of LTA. The data presented are the average

values from triplicate measurements.
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R Ko (B2 23.95 mmol/L , kex [ & 19216.6 52,
Kea/Km {E 2 802.36 S™-mmol/L .
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Figure 3. Effects of pH on the activity and stability of LTA. The data presented are the average vaues from

triplicate measurements.
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Figure 4. Nonlinear curve fit Michadis-Menten Equation
of KT2440.
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Figure 5. Effects of organic solvents on the LTA
activity. The data presented are the average values
from triplicate measurements.
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Figure 6. Effects of metal ions on the LTA activity.
The data presented are the average values from
triplicate measurements.
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i

B 7. FEREMES LTA SEBRFFIF0EH b X
Figure 7. Sequence and structure alignment of LTA from different sources.

F 4. RELEEYEEENE
Table 4. Effects of site mutagenesis on activity of
LTA

LTA Specific activity/(U/mg)  Relative activity/%
Wildtype 5577.3 100

K207A 16.2 0.3

K207R 128.3 2.3

K207S 267.7 4.8

K207T 200.8 3.6

T206S 5532.7 99.2

8. K207 & P.putida LTA BYELIEMEALS
Figure8. K207 isanactivesiteof P. putida LTA.

FHA T I e o 6 2 PR 2 722 J LAt Y 2 B R I
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AR (R 4)o 15 a3 al DU T PR9E 8 A B A
Eh4e, BEREMTS, ERRNTR o1
JIE 23 5 T AR MR NE , MR i 1 0T A MR e ek T LA
YRR ASPEMZe, AT & 28 PRIR B, B Ty
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9. E=®&ifH 4 KT2440 0 T206S M 1EiR &
Figure9. Circular dichroism analysis of denaturation
temperature for KT2440 and T206S.
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Expression, characterization and ther mostability improvement
of low-gspecificity L-threonine aldolase from Pseudomonas
putida KT2440

Lihong Li, Rongzhen Zhang', Lixian Zhou, Zhiyong Liu, Kaiang Xuan, Junchao Rao,
Yan Xu

Key Laboratory of Industrial Biological, Ministry of Education, School of Bioengineering, Jiangnan University, Wuxi 214122,
Jiangsu Province, China

Abstract: [Objective] To construct a recombinant Escherichia coli BL21 (DE3)/pET-KT2440, a low-specificity
L-threonine aldolase gene (ItaE) was cloned from the genome of Pseudomonas putida KT2440. The enzyme
characterization and the effects of key amino acid mutations on the enzyme activity and thermo-stability were
investigated. [Methods] The ItaE gene was amplified by PCR with the genome of P. putida KT2440 as
template. The recombinant plasmid pET28a-KT2440 was constructed and transformed into E. coli BL21
(DE3). The low-specificity L-threonine aldolase (LTA) was purified by Ni?* affinity chromatography and then
was characterized. The key amino acids Thr206 and lys207 were mutated by site-directed mutagenesis.
[Results] SDS-PAGE analysis showed that LTA were highly expressed in E. coli BL21 (DE3) with a
molecular weight of about 40 kDa, consistent with the theoretical value. A single band was observed through
Ni®* affinity chromatography. LTA had a specific activity of 5577 U/mg by two coupled-enzyme assay method.
The optimal temperature and pH were 50 °C and 8.0, respectively, and was stable below 40 °C and pH
between 5.0 and 9.0. LTA exhibited K, and kex values of 23.95 mmol/L and 19216.6 s under the optimal
conditions. Mg®* and Ca?* obviously stimulated enzyme activity, whereas Ni?*, Cu*", Zn** and Fe** obviously
inhibited it. LTA enzyme presented good resistance in tert-butyl methyl ether. The residual activity was
retained over 90% after pre-incubation of the enzyme in TBME for 1 h. Site-directed mutation indicated that
Thr206Ser significantly increased the thermal stability. Lys207 is essential for enzymatic function. Any
mutation of K207 was lethal for enzyme activity. [Conclusion] The thermostability was improved by
site-directed mutation. The work provides a solid foundation for the efficient and stable biosynthesis of
B-hydroxy-a-amino acids by LTA.

Keywords: Pseudomonas putida, low-specificity L-threonine aldolase, characterization, lethal mutation, thermal
stability

(AT % RBEm)

Supported by the National Natural Science Foundation of China (31370100), by the Program for Advanced Talents Within Six
Industries of Jiangsu Province (2015-SWYY-010) and by the Program of Introducing Talents of Discipline to Universities
(111-2-06)

"Corresponding author. Tel: +86-510-85197760; Fax: +86-510-85918201; E-mail: rzzhang@jiangnan.edu.cn

Received: 5 December 2018; Revised: 15 March 2019; Published online: 4 April 2019

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



