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Expression, purification and characterization of
arabinose-5-phosphate isomerase from Arabidopsis thaliana
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Abstract:  Arabinose-5-phosphate isomerase (KdsD) is the first key limiting enzyme in the biosynthesis of
3-deoxy-D-manno-octulosonate (KDO). KdsD gene was cloned into prokaryotic expression vector pET-HTT by seamless
DNA cloning method and the amount of soluble recombinant protein was expressed in a soluble form in E. coli BL21 (DE3)
after induction of Isopropyl f-D-1-thiogalactopyranoside (IPTG). The target protein was separated and purified by Ni-NTA
affinity chromatography and size exclusion chromatography, and its purity was more than 85%. Size exclusion
chromatography showed that KdsD protein existed in three forms: polymers, dimmers, and monomers in water solution,
different from microbial KdsD enzyme with the four polymers in water solution. Further, the purified protein was identified
through Western blotting and MALDI-TOF MASS technology. The results of activity assay showed that the optimum pH
and temperature of AtKdsD isomerase activities were 8.0 and 37 C, respectively. The enzyme was activated by metal
protease inhibitor EDTA (5 mmol/L) and inhibited by some metal ions at lower concentration, especially with Co?* and
Cd*" metal ion. Furthermore, when D-arabinose-5-phosphate (A5P) was used as substrate, K, and V., of AtKdsD values
were 0.16 mmol/L, 0.18 mmol/L-min. The affinity of AtKdsD was higher than KdsD in E. coli combined with substrate.
Above results have laid a foundation for the KdsD protein structure and function for its potential industrial application.

Keywords: Arabidopsis thaliana, arabinose-5-phosphate isomerase, heterologous expression, purification, MALDI-TOF
MASS, enzyme properties
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1.1 8
1.11
Escherichia coli DH5a
BL21 (DE3) pET-HTT
Super efficiency fast seamless cloning
kit DNA
A5P  Ru5P Sigma (
)
1.1.2

(SANYO MLS-3750)
PCR  (Gene Amp” PCR System 9700)
(Himac CF 16RX versatile Compact Centrifuge)

PYX-DH350 GL-25M
( ) AKTA
12 ik
1.2.1 KdsD
NCBI KdsD
BamH I

5'-GTATTTTCAGGGATCCATGGGAT
CTCTTCCACCGCC-3’ Hind IIT
5'-GTGCGGCCGCAAGCTTGAGACCAG
CTGAAACCAAAC-3' ( )
cDNA PCR (20 uL)
cDNA 1.0 uLL 10x% 2.0 uL. dNTPs (2.5 mmol/L)
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2.0 uL (10 ymol/L) 1 puL Easy
Taqg DNA (5 U/ul)0.2 pL ddH,0
20 uL  PCR 94 °C 5 min
94 °C 30s 56 C 30s 72°C 90 s

35 72 °C 10 min PCR
pET-HTT (
His ) E. coli DH 5a
PCR DNA
1.2.2 KdsD
E. coli
BL21 (DE3) 2 mL
LB (K" 37°C ODgo
0.5-0.8 0.4 mmol/L
IPTG 37 C 3h
20 C
SDS-PAGE
1 LLB

20 'C 220 r/min
4 000 r/min
1 mol/L NaCl 20 mmol/L Tris-HCl
5%
20 000 r/min 4 C 45 min
lh (20
30 40 mmol/L 200 mmol/L NaCl
20 mmol/L Tris-HCI)
(200 mmol/L
20 mmol/L Tris-HCI)

200 mmol/L NaCl

20 mmol/L
Tris-HCI (pH 8.0) 200 mmol/L NaCl
(SEC) Superose™ 12 10/300 GL
500 pL SEC
0.5 mL/min 0.5 mL
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Western blotting 100 pL
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PVDF 20 mL
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1h 1xTBST 3 5 min
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) [21-22]
96 200 puL
100 mmol/mL Tris-HCl (pH 8.0) 25 pL
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25-65 C 10 C BL21 (DE3)
(pH 8.0) 3 SDS-PAGE (D
39 kDa
100%
pH 37°C pH 6.0-9.0 20 C 20 C
0.5 3
100% Ni-NTA
AtKdsD Ni-NTA
SDS-PAGE (2
100 mmol/L  Cu*" Zn*" Se**
Li" Na" Ca®" Mn* Mg K' Fe' Co™ 200 mmol/L
12 EDTA
5 mmol/L SEC AtKdsD
3 ( 3A)
BSA
100% BSA BSA
A5P Superose TM 12 10/300 GL

0.2—-10 mmol/L
100 mmol/L Tris-HCI (pH 8.0)

37 °C Lineweaver-Burk

1/[S] 1V

2 EREAM
21 BERZFIEFRAREE

cDNA PCR
PCR DNA
DNA
pET-HTT DH5a
PCR E 1 AtKdsD &L E#k BL21 (DE3) HREIFRIX
Fig. 1 Prokaryotic expression of AtKdsD in BL (DE3)
pET-HTT-KdsD cell. M: molecular mass standards (kDa); 20 ‘C (P/S):
. . cell pellet/supernatant induced by IPTG at 20 C; 37 C
2.2 KdsD #£ E. coli FHIFRIER L (P/S): cell pellet/supernatant induced by IPTG at 37 C;
pET-HTT-KdsD CK (P/S): cell pellet/supernatant not induced by IPTG.

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



BT %/5E7 A5 MRS BN RERS . SURBRELSY
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Fig. 2 SDS-PAGE analysis from Ni-NTA affinity

chromatography of AtKdsD. S: cell supernatant after (PMF)
induced; FT: liquid of protein and Ni-beads; M: ( 4B)
molecular mass standards (kDa); Lanes W1-W3: wash
in the presence of 20, 30, 40 mmol/L imidazole; E: 615 38.124 kDa
elution with 200 mmol/L imidazole. 6.56 (
A B
150 - 1 2 M3 45 67891011
a
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e
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Bl 3 AtKdsD & FiEE#E (A) KH SDS-PAGE #&ill (B)

Fig. 3 Purification of AtKdsD and BSA by size exclusion chromatography (A) and SDS-PAGE of SEC (B). (A) The
peak of A is polymers of AtKdsD, the peak of B is dimers or trimers of AtKdsD, the peak of C is monomers of
AtKdsD, the peak of D is dimmers of BSA, the peak of E is monomers of BSA. (B) M: protein marker; 1-11:
fractions of every 0.5 mL starting from 8 mL.
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- 43
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- EEpYS 201 RNLSKEEYAA NHPAGRIGKS LIFKVKDVMK KQEELPVCKE GDLIMDQLVE

251 LTSKGCGCLL VVDEHSRLIG TFTDGDLRRT LKASGEAIFK LSVGEMCNRK

— 17 301 PRTIGPETMA VEAMKKMESP PSPVQFLPVV NEDNTLIGIV TLHGLVSAGL

4 AtKdsD B9 Western blotting (A) FARiL4&M (B)

Fig. 4 Identification of recombinant protein by Western blotting (A) and mass spectrometry analysis (B). (A)
Western blotting. M: protein marker; 1: purified recombinant protein. (B) Mass spectrometry results. Matched

peptides underlined were identified as AtKdsD.
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Fig. 5 Effect of temperature on activities of recombinant
enzyme. The optimal temperature of AtKdsD was
estimated at various temperature (25-65 C) in
Tris-HC1 buffer (100 mmol/L, pH 8.0), and the
maximum activity was taken as 100%. Results are the
average of three replicates.
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Fig. 6 Effect of pH on activities of recombinant
enzyme. The optimal pH of AtKdsD was estimated at
various pH (6.0-9.0). The maximum activity was taken
as 100%. Results are the average of three replicates.
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Fig. 7 Effcet of different metal ions and EDTA on
AtKdsD activity. Activity of KdsD as isolated was
measured at 37 ‘C in the presence of various metal or
EDTA (100 mmol/L Tris-HCI, pH 8.0, 2 mmol/L ASP,
5 mmol/L metal or EDTA). Results are the mean of
three replicates.

EDTA
EDTA
ASP
37°C pHS8.0 KdsD
V max 0.18 mmol/(L'min) K
0.16 mmol/L
3 Wik
(Seamless cloning/in-fusion
cloning)*!
13-20
[24]
KdsD
AtKdsD

& 010-64807509

Lys59 His88 His193
Lys78 His107 His212 [14-16]
30%1 (- 8) KdsD
KdsD
85% SEC

KdsD
(pH 8.0) 200 mmo/L NaCl

30 mmol/L Tris-HCI

KdsD
KdsD
KdsD
AtKdsD
(AUC)
KdsD
( )
X-ray
KdsD
KdsD
KdsD
X
AtKdsD
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CFT073 -5- [22]
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Consensus 1 ag

8 AR KdsD &EELF5 b3t
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Fig. 8 Alignment of amino acid sequence of KdsD from different species. Arabidopsis thaliana (Accession No.
NP_191029.1); Escherichia coli (Accession No. NP_417664.1); Pseudomonas aeruginosa (Accession No.
KGB88562.1). The unique SIS domain, CBS domain of KdsD and conserved residues of the active site are indicated

by arrow and box, respectively.
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