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Influence of elicitors on effective constituents and expression of key metabolic enzyme
genes in hairy roots of Atropa belladonna
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Abstract: Objective To improve the yield of the effective medicinal ingredients of Atropa belladonna, to provide economic and
efficient method for the actual production of A. belladonna, therefore to provide a basic reference for the related research on the
mechanism of secondary metabolism of medicinal plants. Methods In this study, the influences of four kinds of elicitors, including
methyl jasmonate (MJ), AgNO;, salicylic acid (SA), yeast extract (YE), on the accumulation of active components and the expression
level of key metabolic enzyme genes, including putrescine N-methyl transferase (pmt), tropinone reductase-I (trl), and
hyoscyamine-6-B-hydroxylase (h6h), were studied in hairy roots of A. belladonna. 0.5 g fresh hairy roots of A. belladonna were
cultivated in B5 liquid medium. 12 d later, these mediums were replaced with the new medium containing one kind of four elicitors.
Hairy roots were taken samples after 2 d to mensurate the fresh weight, dry weight, the content of tropane alkaloids, some physiological
indexes, and three key genes expression level. Results MJ inhibited the growth and tropane alkaloids accumulation of hairy roots.
The gene expression level of pmt and trl also decreased compared with control group (CK). The contents of tropane alkaloids and the
expression level of pmt, trl and h6h were all increased compared with CK by the treatment of AgNO;, while the growth of hairy
rootswas inhibited; SA contributed to the increased content of hyoscyamine, but with no obvious influence on growth of hairy roots.
As to YE, the content of tropane alkaloids and the expression level of pmt, trl, h6h were all increased correspondingly. Further more,

YE was benefit for the growth of hairy roots. Conclusion Elicitors had selective influence on growth and tropane alkaloids accumulation
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in hairy roots of A. belladonna. The best elicitor on accumulation of tropane alkaloids was AgNO; YE could effectively improve of the

growth of hairy and contents of tropane alkaloids. This study concluded that these elicitors influence the secondary metabolism of A.

belladonna by regulating and controlling the expression level of some genes of key metabolic Enzyme, which could provide an effective

method to enhance the medicinal composition in the culture of hairy roots of 4. belladonna.
Key words: Atropa belladonna L.; elicitor; tropane alkaloids; hairy roots; methyl jasmonate; AgNQOs; salicylic acid; yeast extract
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Primers (500 pg/mL) 0.5 uL, PCR Nucleotide Mix
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Table 1 Primers of qPCR of key genes

e LR (5°—>3) T (5°—3) P IR BB /bp
pmt  CCTACTTACCCTACTGGTGTTATC GCGAAAGATGGCAAAATAAAAGC 93.0 178
trl TTCTTTGCTTCCCTGCTGCTTC CAGGCCAACCTTAGTATCACACAG 95.8 191
h6h  TTCCACTTGAGCAGAAAGCAAAGC  CCTCATGGTCAACTTCCTCACTTCC 96.6 199
pgk  TCGCTCTTGGAGAAGGTTGAC CTTGTCCGCAATCACTACATCAG 97.4 195
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X Microsoft Excel 2007 A1 SPSS 22.0 X %4
AT GV SRR )T 225347, Origin 8 22/ Fidids
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2 PhAaE I R K. SA fFiIES T
I, BRI AR KA LR AR, AR R 55
& B, (HERRAR T & &
EARBEEA BRI A K T, YE H K%
B 2 MAEMW S EME B ET . R
Tl FH B S I e T S, AR B AE S S T
WlJE AgNO; fll YE (£ 2) .



*900 -

¢ %% Chinese Traditional and Herbal Drugs 38 49 % 25 4 3 201842 A

x2

FRIESFHERREKRIEREEEYE D SR

Table 2 Effects of different elicitors on growth and contents of TAs of hairy roots

FRT R/ THE(eH)  REHH/(ngg )

B4/ (mg-g ")

KRB B (g ") B R/ (g Y

0.75440.006 d
0.20610.005 ¢
1.9124+0.052 a
0.98340.004 b
0.79610.007 ¢

CK  11.72440.734 ¢ 0.886+0.023 b
MJ 9.7641+0.235d 0.768+0.024 d
AgNO; 8.765+0.680 ¢ 0.68410.012 ¢
SA  12.001+0.412b 0.855+0.010¢
YE  15246+0.269a 1.48010.040a

0.59240.005 ¢ 6.68910.024 d 5.24340.106 ¢

0.22340.004 ¢ 1.58940.095 ¢ 1.712+0.071 ¢
1.033+0.013 a 13.095+0.579 a 6.6961+0.541 b
0.56140.009 d 8.412+0.101 ¢ 4.8061+0.137d
0.78140.034 b 11.802+0.406 b 11.567+£0.294 a

ARVNE FRER R S AL BN 2 R B3, P<0.05, NIH

Different lowercase letters indicate that significant differences among all the processes, P < 0.05, same as below

32 ARIFSFHEMERREKIERERS
IR IRFRAY RN

R R AT B 1 A AR A P AR T
YT, AP E K T IR RS IR )
T, R R AE A I L G Ay . R 1-A
ATLUE W, FIEMEE AN S REd S ARG
BN R R T, o YE W R
SRR NI, AET 1053 mg/g, B
BN T 22.31%, 74k 3 Frifs S FAb B nT ik
WA SRR bR T AL, H4L 25 A

A

R Ifl/(mgg‘l)

AgNO; SA  YE

WE. H—J7m, AEROERE IR TR A R R 2R
WETT e, SAOERA SX AL, AT
SEHEERE, P AgNO; 5 SA X HAA &M
MR, Ay 1,58 1.60 1%, 11 YE
HA 4 LA ERAL (B 1-B) o L6 KE,
MJ. AgNO; Fl SA FZAEHE T BRI 1A AR
W, 1M YE W2 f gk L AR

MDA BRI EA1),  23its pdm  H ig An A
TR PRI 4340, B A B8 45 A 1) 7 2k 0 1) R TR AR
PE, S S AR I SRR BRI SZ 4 A

EL
N RN
L

oLl Kk R ;

AgNO;  SA YE
ENGip s

E1 AERIFSFHALGAEER (A) FAEERE (B) 2289500

Fig. 1 Effects of different elicitors on contents of soluble protein (A) and soluble sugar (B) of hairy roots
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Fig. 2 Effects of different elicitors on content of MDA of

hairy roots
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Fig. 3 Effects of different elicitors on expression of pmt, trl,

and h6h genes of hairy roots
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