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AR MeJ A i S 26 1k, B 45 S SR AN [F) 77 1 55 45 R CMIK i 3% 10k 4 78 - v 4 v - S0 4000 58 o S5 7 A 2 DR T - 4
Mo AR FE ik — A0 1 B 59 A R i A A A BB R AICMEK BRI AP ThRg R 2% .

KR FEA; 4- BRI -2-C- T 2E-D-FR e BB, H R e b R R IE; Rk /0, WA & fir

FE 52 S: RI31 XHEAFRIRES: A NEHS: 0513-4870(2022)09-2876-09

Cloning and prokaryotic expression analysis of AICMK from
Atractylodes lancea

LU Ji-mei', XU Rui', WU Jun-xian', ZOU Li-si*", LIU Chao’,
PENG Hua-sheng', ZHA Liang-ping"

(1. School of Pharmacy, Anhui University of Chinese Medicine, Hefei 230012, China; 2. School of Pharmacy, Nanjing

University of Chinese Medicine, Nanjing 210046, China; 3. School of Basic Medicine, Anhui Medical University, Hefei

230032, China; 4. National Resource Center for Chinese Materia Medica, China Academy of Chinese Medical Science,
Beijing 100700, China)

Abstract: 4-(Cytidine 5'-diphospho)-2-C-methyl-D-erythritol kinase (CMK) was one of the key enzymes in
the methylerythritol-4-phosphate (MEP) pathway to generate terpenoids. In this study, based on the transcriptome
data of Atractylodes lancea, the sequence of the CMK gene was cloned, named 4A/CMK (GenBank accession
number OM283293). The results showed that 4/CMK contains a 1 230 bp open reading frame (ORF) encoding 409
amino acids. The deduced protein had a theoretical molecular weight of 44 752.53 and an isoelectric point of 6.67.
Transmembrane structure analysis showed that there was no transmembrane structure, and the secondary structure
of AICMK was predicted to be mainly composed of random coil. Homologous alignment revealed that AICMK
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shared high sequence identity with the CMK proteins of Tanacetum cinerariifolium, Osmanthus fragrans, Eucommia
ulmoides, Lonicera japonica and Salvia miltiorrhiza. Phylogenetic analysis indicated that AICMK protein had the
higher homology with CMK protein of Compositae. The pET-32a-AICMK prokaryotic expression vector was
constructed and a fusion protein with molecular mass of about 65 kDa was expressed in the E. coli BL21 (DE3).
The qRT-PCR was used to analyze the expression pattern of 4/ICMK gene in different tissues and after MeJA
treatment. Meanwhile, the enzyme activity was determined by ELISA kit. The results showed that A/CMK gene
was tissue-expressed in different origins and its expression was induced by MeJA, and the results of the enzyme
activity assay showed that the AICMK enzyme activity in different regions was higher in the leaves. The subcellular
localization showed that AICMK was located in the chloroplast. This study provides a reference for further elucidating
the biological function of 4/CMK gene in terpenoid synthesis pathway in Atractylodes lancea.

Key words: Atractylodes lancea; 4- (cytidine 5'-diphospho) -2-C-methyl-D-erythritol kinase; gene cloning;
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Bk BESRT KW E (Escherichia coli)
Trans1-T1 B2 2 40 KA B (E. coli) BL21 (DE3)
I8 K Z & 41 2 - pEASY-Blunt Zero Cloning Kit
TransStart FastPfu Fly DNA Polymerase 1= {4 2.0 « V) 5
[0 i 3R 7] & EasyPure Quick Gel Extraction Kit. G 4%
#2157 & pEASY Uni Seamless Cloning and Assembly
Kit3)04 B Tt & e M EAR A R A 7 iR AT
(Agrobacterium tumefaciens) GV3101 . 1 1 ¥ 48
TEAE Y RNA $2 B0 &350 B T 46 5 Sk v A= P Bt
FA IR A7) pET-32a AR B T o #k R ERHEA
PR 7] AR £ PrimeScript™ 1T 1st Strand cDNA
Synthesis Kit 4 F -J- TaKaRa /A 7 ; 2xRealab Green PCR
Fast mixture i /1) & 4 B 146 57 22 R 45 7 52 A IR A
)5 WIS 40 AT (ELISA) BRI &0 H T Rl F i 2k
MEEA R A F; BamH W H T NEB 2 55 57 4 -
D-tiACFFLHEHF (IPTG) Wy B T Sigma A 7] . 51 &
B bR AR AR A BR A W) 58 R A ) 3 Dy [
IrHrat.

Z RNARELK cDNA &Rk 2 AR 80 Pk
T RNA $2 Bt ) G458 48 Ul B SR BT 75 B ot 2 B
V55 15 AR AR 25 L 25 i U5 RNA R dE 350 R
MR B RNA, HI 1% Bt i Bl 58 50 A VAR I RNA J5
R FH R R 8 A0 4 OB FE T (Denovix DS-11+) 1%
P A,/ Ay 79 1.8~2.0 ) 5 RNA Ry I 5 SRR, 2 1)
PrimeScript™ II Ist Strand cDNA Synthesis Kit 15 B 5
HEAT I 5%, 3R19 5 AR cDNA, {R 47 T-20 °CUKFH -

AICMK B E 7 DL R 5 AR
cDNA Jy B2 47 PCR 34, F A Primer Premier 5.0
BOE vk 2 D R A 51 W, B9 511 AICMK-F: 5'-
ATGGCGGCAATGGCTGCTTCCCCCT-3', ¥ 51 4
AICMK-R: 5-TTATTCAGCATTACTAGATCGGTCT-3',
PCR ¥ 1 °K [} TransStart FastPfu Fly DNA Polymerase,
SRS S& A 9 95 °C AR 7 2 min; 95 °CAE M 20 s, 56 °C
IBK20s, 72 °CHEfH 1 min, 40 AMEHE; 72 °CLEfH 5 min.
PCR =W 42 1% 55 N5 0 B Jle W ik s DU/, A5 FH D0 [
WA R & RIS TR K/ — B 4, o S TR AR
& pEASY-Blunt Zero ¥ 4%, 2 KW & (E. coli)
Trans1-T1 /&2 2540 i b, Phide 556 ¥ I 3247 B PCR
BOAIE, K BRI o B A VA% 2 T N 4 PR A E1 Y

AICMK EREMERF S FIH ORF Finder
(https://www.ncbi. nlm. nih. gov/orffinder/) 3K Bl AICMK
FE ] 14 JF 8B B2 HE (ORF); f# i} NCBI (http:/www.
ncbi.nlm.nih.gov/) 7£ £k T. 2 BLAST #f 17 & £ 1R /7 41
(1) AH ALL A4 B X 43 AT ; I B ExPASy (https:/web.expasy.

org/protparam/) Tl Il % & K 4 A4 1) 2 1 ER AL PR, £
FEAXS o> T B VAR SR VAR E R FIA
NPS (https://npsa-prabi.ibep.fr/cgi-bin /npsa_automat.pl?
page=/NPSA/npsa phd. html). SWISS MODEL (http://
swissmodel.expasy.org/) K PyMOL 344 %f 25 H 3k 47 —
G 25 K AN = 4 25 ¥ 1) T ; CDD (https://www. ncbi.
nlm. nih. gov/Structure/cdd/wrpsb.cgi) # 17 5 H i 45 #4
W7y H1; TMHMM (http://www. cbs. dtu. dk/services/
TMHMM)/) 34T & 5 51 1 85 15 45 14 45 55 #r 5 32 H
DNAMAN A 57 6 AR 5 HARRE A AT R 2 5 1R
JEFI X F MEGA 6.06 3 {114 2 Neighbor-joining %
kAL, bootstrap H & X ECA 1 000 7%; H Cell-PLoc
2.0 (http://www.csbio.sjtu.edu.cn/bioinf/Cell-PLoc-2/) T
322 35 IR F 0 40 B 52 A7 o
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¥, B3 51 % BamH 1-AICMK-F: 5'-AGGCCATGGCT
GATATCGGAATGGCGGCAATGGCTGCTTCCCCCT-
3', N7 51 %) BamH 1-AICMK-R: 5'-CGACGGAGCTCG
AATTCGGATTATTCAGCATTACTAGATCGGTCT-3' ,
DLEE 4L BB AR, HE4T PCR Y18 . K3 B4 7= gk AT
1% FAE i A 8 P F s, DA [l (] %of B A% 1A
# pET-32a JFURLHEAT BamH TG Ab 21, 4152 [0, K¢
I R 7= 4 F T 4% 175 & T 50 °CiE 4% 30 min,
PP ALE KA B Trans1-T1EZ 4000, Bt
B PR o 9 T 3R AT B VR PCR B&AIE, 02 78 7 N 7 B 42
SR, R I T 1Y) B 2H 5 RE pET-32a-AICMK %414
% BL21 (DE3) RikIEZ &+, M FEZREE W .
A JE A 220K T % TR 12100 1 BR8N 212 Amp B 1
LB 85 9289, 37 °C+200 r-min " % % 5% 9% & OD,, N
0.4~0.6, B 1 mL B A XTI, pET-32a S # N2 A
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TINZEAAFIPBS (pH 7.2~7.4) i ¥E)5 I 50 uL ddH,0,
A3 AICMK 42 17, F8 4% B 25 0 3R LR 4K, 5 mL
His Buffer A (20 mmol'L" Na,PO, 12 H,0.500 mmol-L"'
NaCl.20 mmol-L™" Bk PE) 5, K T 75 i % 10 min,
5s/5 s[a]ff, 4 °C 10 000 xg 50 J5 3k 15 AICMK [1) 25
F EiE. NSRBI AICMK 2 [, A7 K O
Bt AT AR, B 1 mL _B3E 5 EE R 500 pL
Ni-NTA Resin ¥ &, 7E & $L9R % 4 L 120 rmin” & 1%
1 h, 4°C.500 xg B> 5 min 3% 5, 1 mL His Buffer A &
&, 4°C.500 xg &0 5 min 3¢ b, EE 3. FIDKMES
JEE e JBE, I ¥R B 44 X A 204100+ 300 500 mmol-L™,
43 % IS HE 42 300, 500 mmol- L B W i i 1 6 Mo v 2%
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50 L, 7E 4 B s Rose W A 23 5l in N 10 L 5%
SDS-PAGE I ¥ 2% ¥, 1R 2], k7K & 8 min J5 4 °C .
10 000 r-min” &> 5 min, #E17 12% SDS-PAGE % Ji B
WK

AICMK B 48 3R 1K1 & MeJA i35 5 FRiLiE o
K S 5% 6 5 B PCRAS UYL 75 B 52« 2 B T I 7=
S 15 R AICMK F IR ) 4 U8 53 1 3 08 0 & &
200 pmol-L" MeJA i 3 5 AICMK 3 [N ff) R 1A B 20 o
IR B R TU P AR 30k, MARRZE (25 i 23 3l 42
HURNA, HOS AL 3850 45 AR 55 1 3 bk, MR i
MeJA 7 AP 0.3.6.9.12.24.48 h ff) RNA, TaKaRa
W55 o I B Sk 3k 45 ¢cDNA, F) FH Primer Premier 5.0 ¥
THAICMK 56 2 45 St 519, F T4 4RI 7
] AICMK L35 51 ¥) g-AICMK-F1: 5-TAGTAATGCTG
CAACTGCTCTT-3', Fii# 5l ) -AICMK-R1: 5-AAG
GGCACATCTGAGCCAATC-3', fil T MeJA i § %K 1L
WE Sy BT (1) AICMK 1% 51 ) g-AICMK-F2: 5'-TCGCTT
GTCAACTAATGTGCCT-3', I ¥ 5 ¥ q-AICMK-R2:
5'-GCATTACTACTTCCAC CACCAA-3', LLZF & AR N
Z % K UBQ2 # 47 & IEM™, L i 5] 4 UBQ2-F: 5'-
GGTTGAGGGGAGGAATGC-3', F % 5] ) UBQ2-R:
5-AGACGAAGGACAAGGTGA-3' . % [ 2xRealab
Green PCR Fast mixture i 7 & Ut B3 F #4794, ) B
& & 1 uL cDNA BLHR « 10 pL 2xRealab Green PCR
Fast mixture. 0.2 uL. ROX Dye. 0.2 uL ROX Dye II }
1 uL 5149, ddH,0 7.6 uL, ¥ 3G 2544 95 °C 30 s; 95 °C
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60 °C 30's; 95°C 30 s, AN MNARREE 3. FIH
MX3000P ¢ 52 & PCR X (3£ [H 2 HE4e Rl B A R A
A BEAT QRT-PCR A, AH X 52 8 0 B K FH 274 5 v
HEAT A TR
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1 e AL, MR AICMK FE R 7 51 8 1 A B D) AL A 5
) ALCMK-GFP-F: 5 TCGACCCCGGGGGTACCGG
AATGGCGGCAATGGCTGCTTCCCCCT 3', ALCMK-
GFP-R: 5’ TCGCCCTTGCTCACCATGGATTCAGCAT
TACTAGATCG GTCTACA 3', LL#5 a5 H 3L R ) 7o b
BRI, PCRY™ 38 J5 VI I [RIUS, 5 48 BamH 11§ 1]
{113 1 pRI101-eGFP [ 1 Ji2 [ i 7= 4 58 40 g 36 AL 28 K

f AT B Trans] T1 24400, PLPCR FH M & 4T
W, B 78 20 I8 SR G B ) I 4 2 N AR A AT B
GV3101 ', T YEB ¥ fA £ 75 %5 28 °C . 180 r'min’ i &
Re 7R, B0 H Rk, FH 0 VR I ST 2 W R S R
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BE (ZESSI 710) VL5258 615 5 70 JH B 5% 52 41 g
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P cDNA AR [ PCR 4 38 =i 2 T T 8k J5
A ZE Trans1-T1 B2 45 41 M A, % BH 14 o 1 B V3R AT
W, B30 45 ] 5 4 DNAMAN 4 45 & ORF
Finder 7£ 26 FfF 10 25 2R — 2, UE B AICMK & 14
1 230 bp 56 B W IF B B2 AE . 2 FH BLAST X 5 5 A
AICMK % 14 1) & 5 18 77 B EAT LhXT, 45 R B R,
AICMK & F: B2 T 51 5 GenBank H UV MHE Y CMK &
FEWR 7 A A B ) AR M, o AICMK 5 5 B CMK
(XP_023766700.1) 1L} 87.96%, 5 il 't %6 CMK
(ABB88838.3) Al /% A 84.35%, 57 H %% CMK (XP_
022009055.1) #H 1l £ & 83.99%, 5 Bk H % CMK
(GEY28202.1) AHMBLEE } 83.74%.  Lb 5k &5 5L 3% W Fr 3k
3103 K8 T CMK 3 R R R, iz 5 R 48
AICMK (GenBank & 55 4 OM283293).
2 AICMKERWNEMERFEST
21 ZEEHBEUMRSH AL L H ExPASy &
AICMK % i3 & [ i AT B PE T 0 B . 45 R B,
AICMK %t 409 AN G FE /R, AHX ¥ i B 44 752.53,
HAEIR S AN 6.67, ARE REUN 42.52, it
BN 78.95, AT WL HIWr AICMK N ASFE 5E IR T B A -
22 LIRS EESME S MRS NCBIE
Conserved domains 7F 2k T B i, AICMK & 1 B
IspE Py 3k (K 1A). R4 TMHMM?2.0 7F 2% T H X}
AICMK i 47 % i 45 7 X 3 A (B 1C), 45 &,
AICMK Z 58 o s 45 M A7 e, AIEANE A .
23 ZHRMZFLEMTUN A A NPSEL AN T
HE 25 45 R AICMK 88 H 1) = 29 45 749 3847 7 (14
1B), 45 B R, 1% 8K M 10 = 20 454 32 2 b 0 10 0] 35 il
1 1, AICMK FJE BRI 25 #h (random coil) 7F 2 ik 5%
FLH 1974, 15 A 48.17%, a-MR i€ (alpha helix) 7E %
JEBE R AL 1124, 4 N 27.38%, ZEfH15E (extended
strand) FE1F 1004, 5 EE oA 24.45%, I TE K000 25 i A&
H 2 0 e oo, 8om T8N IKEE, KON -
2, FH ONREHISE, AICMK & H p-1 1 (B-turn).
FIH SWISS-MODEL 7 £8 T. 5 Al PyMOL ¢ {4 #4 & 5
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TAR AICMK & 1) =4k 2= (a4 8 (B 1D).
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I MSGSGS, H i # A 4- (R H-5"- i R)-2-C-H

B -D- 5 B 0 B R W) 25 5 AL R, SR A N ATP 45 5
i A 1421
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Figure 1

Bioinformatics analysis of 4- (cytidine 5'-diphospho) -2-C-methyl-D-erythritol kinase gene of Atractylodes lancea (AICMK).

A: The predicted conserved domains of AICMK; B: Secondary structure model of AICMK; C: The predicted transmembrane regions of

AICMK; D: The predicted tertiary structure of AICMK
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Figure 2 Amino acid sequence homology alignment of 4-(cytidine-5'-diphospho)-2-C-methyl-D-erythritol kinases (CMKs) from A4. lancea,

Tanacetum cinerariifolium, Osmanthus fragrans, Eucommia ulmoides, Lonicera japonica and Salvia miltiorrhiza. All three important motifs

involved in substrate and ATP binding are marked as A, B and C
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Figure 3 Phylogenetic tree of the amino acid sequences of AICMK with some other CMKs
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Figure 4 12% SDS-PAGE of AICMK recombinant protein. M:

Protein marker; 1: Induced E. coli containing pET-32a; 2: Unin-
duced E. coli containing pET-32a-AICMK; 3: Induced E. coli con-
taining pET-32a-AICMK; 4: Supernatant from the induced E. coli
containing pET-32a-AICMK; 5: The purified recombinant protein
elution with 300 mmol-L" imidazole solution; 6: The purified

recombinant protein elution with 500 mmol-L" imidazole solution
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Figure 5 Expression levels (A) and enzymatic activity (B) of
AICMK in different regions and different tissues. R: Rhizome; S:
Stem; L: Leaf. NJ: 4. lancea in Nanjing; YX: 4. lancea in Yuexi.

Data are shown as the mean = SD (n = 3)
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Figure 6 Expression analysis of A/CMK induced by MeJA. Data

are shown as the mean + SD (n = 3)
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Figure 7 Subcellular localization of AICMK. Scale bar: 50 um
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