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Enhancement of tropane alkaloids biosynthesis in Atropa belladonna
hariy root by overexpression of HnCYP82M3 and DsTRI genes
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(Key Laboratory of Plant Resource Conservation and Germplasm Innovation in Mountainous Region (Ministry of

Education), College of Life Sciences/Institute of Agro-bioengineering, Guizhou University, Guiyang 550025, China)

Abstract: Tropane alkaloids (TAs) are a class of anticholinergic drugs widely used in clinical practice and
mainly extracted from plant, among which Atopa belladonna is the main commercial drug source. It is of great
industrial value to obtain TAs in large quantities by plant metabolic engineering. In TAs pathway, cytochrome
oxidase CYP82M3 catalyze the synthesis of tropinone and then tropinone reductase I (TRI) compete with TRII for
tropinone to form tropine leading to the TAs synthesis (drainage). In this study, based on the "increasing flow and
drainage" metabolic engineering strategy, two genes, namely HnCYP82M3 and DsTRI from Hyoscyamus niger and
Datura stramonium, respectively, were overexpressed in the hair roots of A. belladonna, with a view to promote the
TAs accumulation. The HnCYP82M3 gene was cloned from the root of H. niger, and it encoded amino acid with
91.7% sequence identity with AbCYP82M3 from 4. belladonna. Overexpression of HnCYP82M3 alone did not
affect the content of TAs in hair roots of 4. belladonna, indicating that CYP82M3 was not a key enzyme in TAs
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biosynthesis. Simultaneous overexpression of HnCYP82M3 and DsTRI greatly promoted the accumulation of the

three TAs, and the contents of hyoscyamine, anisodamine and scopolamine were 4.97 times, 2.83 times and 2.19

times that of the control, respectively, and the increase amplitude was greater than that of single overexpression of

DsTRI. This study showed that the "increasing flow and

drainage" strategy of enzyme genes co-expression at

branch points was a promising metabolic engineering method to effectively improve the biosynthesis of TAs in

A. belladonna, and laid a theoretical and technical foundation for the large-scale industrial acquisition of TAs.

Key words: CYP82M3; TRI; tropane alkaloids; Atropa belladonna L.; metabolic engineering
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Figure 1 Tropane alkaloids biosynthetic route
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F-HnCYP82M3-OE
R-HnCYP82M3-OE

TCTATCTCTCTCGAGTCTAGACTAAGCTCTCGTTATTCTCCT
CTCGAGCTTGTCGAGCTGCAGGGTGGAGCTTTTATTGAAGAA
CACGGGGGACTCTTGGGATCCATGGAAGAATCAAAAGTGTCC
CGATCGGGGAAATTCGAGCTCGTGATGATAACAACTTGGAAC

F-DsTRI-OE

R-DsTRI-OE

Fq-DsTRI CCTGCTGCTTCTTATATTACGG
Rq-DsTRI GCCCAAGGTACAAATCACAA
Fq-HnCYP82M3 AGTTATCAAGGCAACTGTATTGAGC
Rq-HnCYP82M3 ATGAGCCATGTTAGGTGAACTGC
Fq-ACTIN TTGTGTTGGACTCTGGTGATGG
Rq-ACTIN CCGTTCAGCAGTGGTGGTG
Fq-PGK TCGCTCTTGGAGAAGGTTGAC
Rq-PGK CTTGTCCGCAATCACTACATCAG
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Table 1 Primers of the experiment
Primer name Primer sequence (5—3") Annealing temperature/ °C

F-rolB GCTCTTGCAGTGCTAGATTT 57
R-rolB GAAGGTGCAAGCTACCTCTC

F-35S ACTATCCTTCGCAAGACCCT 57
R-DsTRI CCCATTCACAAGCCAAACTC

F-rolC TAACATGGCTGAAGACGACC 57
R-rolC AAACTTGCACTCGCCATGCC

F-HnCYP82M3 CACGAGATACAGTTATCAAGG 55
R-35SpolyA TCTGGGAACTACTAACACA
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Figure 2 Schematic diagram of expression vector T-DNA region. A: Schematic diagram of p1305NKGFP expression vector; B: Double-

gene plant expression vector. HnCYP82M3: Cytochrome oxidase (CYP82M3) gene from Hyoscyamus niger; DsTRI: Tropinone reductase |

(TRI) gene from Datura stramonium
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Figure 3 Comparison of AbCYP82M3 and HnCYP82M3 protein sequences. Consistent amino acids are represented by white characters

with black background, conserved amino acids are represented by black characters with white background, and other amino acids are repre-
sented by black characters. AbCYP82M3: Cytochrome oxidase (CYP82M3) gene from Atropa belladonna
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Figure 4 PCR amplification of HnCYP82M3 and DsTRI gene. A:
PCR amplification of HnCYP82M3 gene; B: PCR amplification of
DsTRI gene; M: DNA marker
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Figure 5 Obtainment of transgenic hairy roots of 4. belladonna.

A: Wild type A. belladonna aseptic plant; B, C: Inducing and
culture of A. belladonna hairy roots; D: A. belladonna hairy roots
cultured in MS liquid medium for one month; E: Detection of the
gene (HnCYP82M3, DsTRI, rolC and rolB) by PCR. CK: Control
group; TRI: 35S:: DsTRI; CYP: 35S:: HnCYP82M3; CT: 35S::
HnCYP82M3-DsTRI; PC: Positive control; NC: Negative control,

rolB: Rooting locus gene B; ro/C: Rooting locus gene C

AR R R R E E R
6 EREFRILEKRN

K H qRT-PCR £ ] % F£ A< o CYP82M3 H1 TRI &
R AR KA &, g5 Rl 7. BT IES 2 P R
FALFH CYP82M3 F1 TRI & K & R 57, 7 51 AH Bl
BITE 90% LA b, A W Bk AR M X 43 3 AR IR B ], By DAt

A E 10000 - B E — c E 2000
B B0 8000 5 T: 4000 s —'g 1500
s i e
52 6000 ok § = 3000 £
22 23 s
=% g9 £ o 1000
S.E 4000 S .E 2000 S .E
é § é-‘g 1000 EE’ 500
2 2 &
E g 3 0
CK CYP TRl CT CK CYP TRI CT

4000
8000

6000 3000

4000 2Ll

2000 1000

The production of
anisodamine / pg-per bottle

0

The production of o
hyscyamine / pg-per bottle

CK CYP TRI CT

CK CYP TRI CT

ok F

sk

= = N
W (=3 wn (=3
S S 8 S
S & &5 S

The production of
scopolamine / pg-per bottle

0
CK CYP TRI CT

Figure 6 Content and yield of tropane alkaloids. A—C: The average content of tropane alkaloids; D—F: The yield of tropane alkaloids.

n =15, mean = SD. DW: Dry weight. "P < 0.05, "P < 0.01 vs CK
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