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Abstract: 1-Deoxy-D-xylulose-5-phosphate synthase (DXS), the first key enzyme in 2-methyl-D-erythritol-4-
phosphate (MEP) pathway, catalyzes the condensation of glyceraldehyde-3-phosphate with pyruvate to 1-deoxy-
xylose-5-phosphate (DXP). In this study, PgDXS1, PgDXS2, and PgDXS3 genes were cloned from the root of
Platycodon grandiflorum (P. grandiflorum). The open reading frame (ORF) of PgDXSI, PgDXS2, and PgDXS3
were 2 160, 2 208, and 2 151 bp in full length, encoding 719, 735, and 716 amino acids, respectively. Homologous
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alignment results showed a high identity of PgDXSs with DXS in Hevea brasiliensis, Datura stramonium and

Stevia rebaudiana. The recombinant expression plasmids of pET-28a-PgDXSs were constructed and transformed

into Escherichia coli (E. coli) BL21 (DE3) cells, and the induced proteins were successfully expressed. Subcellular

localization results showed that PgDXS1 and PgDXS2 were mainly located in chloroplasts, and PgDXS3 was

located in chloroplasts, nucleus and cytoplasm. The expression of three DXS genes in different tissues of two

producing areas of P. grandiflorum were assayed via real-time fluorescence quantitative PCR, and the results

showed that all of them were highly expressed in leaves of P. grandiflorum from Taihe. Under methyl jasmonate

(MeJA) treatment, the expression levels of three PgDXS genes showed a trend of first decreasing and then

increasing at different time points (3 - 48 h), and the activity of DXS showed a trend of first increasing and then

decreasing in three tissues of P. grandiflorum. This study provides a reference for further elucidating the biological

function of PgDXS in terpenoid synthesis pathway in P. grandiflorum.
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FRF 5B . K A Y DXS ELISA ik 7 &, 4 I
MeJA Ak B2 A [ B 8] 50 A% B AR | 25 L it b DXS g i
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ORF 4= K43 5192 160.2 208.2 151 bp, 4itf 719,735
716 MR HEEMR . DUASHE cDNA N, 453 PCR 4 1,
48 B R, PgDXS1 . PgDXS2 Fl PgDXS3 3 K] # Jik 2% 77
5 H B 5 % K/ — 8 (B 1), J8 3 NCBI )
BLAST 3 fig, X} PgDXS1.PgDXS2 Fl PgDXS3 & H 7
G REAT LLX 20 B, 45 3R UK, PgDXS1 5 % 4 #k DXS
(APY22341.1) [F] J5 AH ML P v 89.18%, 5 #H Bk DXS
(XP_018840579.1) 7] Y& A LA 1% 1y 88.49%, PgDXS2 55
% DXS (AJB84617.1) [FJYFAH LI 78.30%, 5 ¥ 1L &
DXS (PWA79560.1) [F] Y AHALE: 9 77.26%, PgDXS3 5
5 E DXS (XP_023759602.1) [7] V5 A7 AL 1 9 80.75%,
52 DXS (XP_028066861.1) [A] J§ A Ll 14 A 78.95%.
Eboxh &5 SR L 0, BT 3k 7 4 )8 T DXS K ik, fn 4 N
PgDXS1.PgDXS2 Fl PgDXS3, GenBank & 5% 5 43 5l Hy
ON206858.0ON206859.0ON206860.
2 PgDXSEREWEERZESM
21 EEBAMRSH AL LA ExPASy X
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Table 1 Primer sequences. DXS: 1-Deoxy-D-xylulose-5-phosphate synthase; PgDXS: The DXS gene from Platycodon grandiflorum; GFP:

Green fluorescent protein; F: Forward; R: Reverse. The underlined part is the restriction site of BamH I

Primer name

Primer sequence (5’-3")

PgDXSI-F
PgDXSI-R
PgDXS2-F
PgDXS2-R
PgDXS3-F
PgDXS3-R

ATGGCTGTTTCTGCATTTGCATTCC
CTAACTCATAATCTCCAGAGCTTGT
ATGGCTTCTTGTGGTATCCTGAAAA
CTATATGCTGACAAGGTGAAGGCTA
ATGGGGACTGCTTCAATTCAGCACC
TTAGCACATCAAGAGAAGGGCTTCA

PgDXS1-28a-BamHI-F
PgDXS1-28a-BamHI-R
PgDXS2-28a-BamHI-F
PgDXS2-28a-BamHI-R
PgDXS3-28a-BamHI-F
PgDXS3-28a-BamHI-R
DXSI-Bamhl-GFP-F
DXSI1-Bamhl-GFP-R
DXS2-Bamhl-GFP-F
DXS2-Bamhl-GFP-R
DXS3-Bamhl-GFP-F
DXS3-Bamhl-GFP-R
q-PgDXS1-F
q-PgDXS1-R
q-PgDXS2-F
q-PgDXS2-R
q-PgDXS3-F
q-PgDXS3-R

Actin-F

Actin-R

GACAGCAAATGGGTCGCGGAATGGCTGTTTCTGCATTTGCATTCC
CGACGGAGCTCGAATTCGGACTAACTCATAATCTCCAGAGCTTGT
GACAGCAAATGGGTCGCGGAATGGCTTCTTGTGGTATCCTGAAAA
CGACGGAGCTCGAATTCGGACTATATGCTGACAAGGTGAAGGCTA
GACAGCAAATGGGTCGCGGAATGGGGACTGCTTCAATTCAGCACC
CGACGGAGCTCGAATTCGGATTAGCACATCAAGAGAAGGGCTTCA
TCGACCCCGGGGGTACCGGAATGGCTGTTTCTGCATTTGCATTCC
TCGCCCTTGCTCACCATGGAACTCATAATCTCCAGAGCTTGTCTT
TCGACCCCGGGGGTACCGGAATGGCTTCTTGTGGTATCCTGAAAA
TCGCCCTTGCTCACCATGGATATGCTGACAAGGTGAAGGCTATCC
TCGACCCCGGGGGTACCGGAATGGGGACTGCTTCAATTCAGCACC
TCGCCCTTGCTCACCATGGAGCACATCAAGAGAAGGGCTTCACGG

AGAATTACGAGAAGTTGCTAAGGGT
CATCTATGCTGTGACCGTCAACA
TTGCTGAAGCAGAAAGCGAT
CAGCTGTGGCTACCATGTGC
TGTTTGCTTCCGCTATCCTAGA
AACCGTTACCTCAATCCCAAGT
CAGTGGGCGAACAACTGGT
ATCACGGCCAGCAAGGTC
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Figure 1 PCR amplification products of PgDXSI, PgDXS2 and
PgDXS3. M: DNA marker; A: PgDXS] gene band; B: PgDXS2
gene band; C: PgDXS3 gene band

B, R AR SR NN 6.82, X4 TN 76 873.83,
AFETE RECH 40.46, RN HEHCH 89.44. PgDXS2 H 1
045 735 A SRR R A, B R SE L UCR 7,68, AR
TN 78 818.18, e R4v38.36, BN 1R 4K
88.12, PgDXS3 & [ 716 MR K vk 5, & 2
WAL AU 6.11, AR5 1B & N 77 919.75, AasE &
Kok 41.43, I i ¥ %08 93.30. 4145 F I PgDXS1.
PgDXS2 M PgDXS3 H A N AFREE A

22 ZRFM=RLEMTUM AT FIH NPS £ L AT
% PgDXS1.PgDXS2 Ml PgDXS3 25 [ ) — 2% 45 H 3E AT
T 4y M. 45 BB R (K 2), PgDXS1. PgDXS2 Al
PgDXS3 & A B i g5t L4 it (random coil) it
5 BB . PegDXS1 B A R EE R, &
277 > a- W8, 15 b 38.53%, 113 /N 4E {# 8F (extended
strand), & b 15.72%, 51 4~ B-%% ff1 (beta turn), &5 Lk

7.09%, LA K 278 AT il & B 38.66%. PgDXS2
EEM HEMF, 58 2694 a-18 e, &t 36.60%,
121 N IEHBE, (5 L 16.46%, 514 B-HE 411, 15 HE 6.94%,
PL K 294 A TE LA B, o L 40.00%. PgDXS3 &
TR T, EH 2724 a-i e, 5 HE37.99%, 103 4
SEMEE, 5 L 14.39%, 46 4> p-H5 1, 5 HE 6.42%, PL K
2905 AN TR, 5 b 41.20%. F) ] SWISS-MODEL
Workspace 7F £& % £ %} PgDXS1.PgDXS2 fl PgDXS3
A AT R R AL, 45 & PyMOL K 4 T 15 2
PgDXS1.PgDXS2 Fll PgDXS3 = 425 [al #H 7 (42).

23 SEMINEER BB AL S TN A A D)
RE 45 1 T 45 R % 0, PgDXS1. PgDXS2 Al PgDXS3
T A% A DXS it (K 3), B 34> PgDXS 1 H
¥) )& T DXS # K i - #| H NetPhos il #l] PgDXS1.
PgDXS2 1 PgDXS3 & A I B B 1k £z sl (Bl 3).
PgDXS1 5 [ 1 22 S « 75 2 1 A R 2 IRl 1 A o7 5
ANH3 5008 30023 10; PgDXS2 25 (A 1 2 H IR 75 AR
R R Tl TR A s 20930l 2 32,247, PgDXS3 R
P 22 20T 75 2 I R i T 1l I A S s/ 43l
38.16.5.

2.4 PgDXSTEMYFHFERFIIEIREXT H
i DNAMAN #& {4 3 47 & 5 B /7 %)) be b (] 4),
PgDXS1. PgDXS2. PgDXS3 & £ W J7 41l 5 1% K w4
HbDXS (BAF98288.1). 2% DsDXS (MCD7460099.1)
% StDXS (ALJ30086.1) B 5 B AR M, 2 51
N T5.81%-75.65% F174.97%. 4 FHAE ) DXS FE K 41
BURE 9 79.68%. PgDXS & H AL & 1 AN Jie 3= £E B 1R

* b il

B o w0 Lk

e

Figure 2 The secondary structure and predicted 3D structure model of PgDXS1, PgDXS2 and PgDXS3. A: PgDXSI1 protein secondary

structure; B: PgDXS2 protein secondary structure; C: PgDXS3 protein secondary structure; D: PgDXS1 protein tertiary structure; E:

PgDXS2 protein tertiary structure; F: PgDXS3 protein tertiary structure
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Figure 3  Structural functional and transmembrane domains of PgDXS1, PgDXS2 and PgDXS3. A: Structural and functional domain of

PgDXS1; B: Structural and functional domain of PgDXS2; C: Structural and functional domain of PgDXS3; D: Phosphorylation site of
PgDXS1; E: Phosphorylation site of PgDXS2; F: Phosphorylation site of PgDXS3
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Figure 5 Phylogenetic analysis of PgDXS with those of other plant species. Sg: Siraitia grosvenorii; At: Arabidopsis thaliana; Sl:
Solanum lycopersicum; Ds: Datura stramonium; Nt: Nicotiana tabacum; Rg: Rehmannia glutinosa; Hb: Hevea brasiliensis; Sr: Stevia
rebaudiana; Aa: Artemisia argyi; Mc: Morinda citrifolia; Ta: Trachyspermum ammi; Gr: Gentiana rigescens; Pf: Primula forbesii; As:
Aquilaria sinensis; Gg: Glycyrrhiza glabra; Cr: Chlamydomonas reinhardtii; Ds: Dunaliella salina; Es: Ectocarpus siliculosus; Ng:

Nannochloropsis gaditana; Ec: Escherichia coli; Ba: Bacillus atrophaeus; Bl: Bifidobacterium longum; Ed: Eleocharis dulcis; Zm: Zea mays
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Figure 6 Prokaryotic expression of PgDXS. A: Al: pET-28a; A2: Uninduced pET-28a-PgDXSI strain; A3: Whole pET-28a-PgDXS|1
strain; A4: pET-28a-PgDXS1 supernatant; B: B1: pET-28a; B2: Uninduced pET-28a-PgDXS2 strain; B3: Whole pET-28a-PgDXS2 strain;
B4: pET-28a-PgDXS2 supernatant; C: C1: pET-28a; C2: pET-28a-PgDXS3 strain was not induced; C3: pET-28a-PgDXS3 whole strain; C4:
pET-28a-PgDXS3 supernatant. M: Marker
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Figure 8 The gene expression level of PgDXS. A: The gene expression level of PgDXS1; B: The gene expression level of PgDXS2; C: The
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stems; C: DXS enzyme activity in leaves. R: Root; S: Stem; L: Leaf
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