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Influence of AgNO, on tropane alkaloids and key
enzyme genes in hairy roots of Atropa belladonna
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Abstract : In this study, we studied the influences of different concentrations of AgNO, on tropane alkaloids and key en-
zyme genes in metabolic pathway. We all know that the accumulation of plant secondary metabolites is directly related to
some tprimary metabolism and activity of key enzymes. And AgNO, is a heavy metal, which can induce oxidative stress

in plants and which has a great effect on plant growth and key enzymes of metabolism. Therefore, we added five concen-
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trations of AgNO; into Atropa belladonna hairy roots, and cultivated in B5 liquid medium for 12 d, and then, we collec-
ted hairy roots and determined fresh weight, dry weight, contents of tropane alkaloids, some physiological indexes in-
cluded MDA, Pro, soluble sugar and soluble protein, genes expression level after cultivated for 2 d. The results showed
that AgNO, promoted the accumulation of the alkaloids, although AgNO, inhibited the growth of hairy roots, 50, 100,
150 pumol - L™ AgNO, could improve the contents of tropane alkaloids compared with control. Meanwhile, 150 wmol -
L' treatment group significantly improved the hairy roots of the content of MDA compared with control. As well as the
content of Pro increased to 5.92 pg + ¢'FM, 2.91 times of control. Then, the contents of soluble sugar and souble pro-
tein were significantly improved 1.55 and 1.67 times of control respectively by treating with 150 pmol - L' AgNO, treat-
ment. Thus, with the treatment of AgNO,, gene expressions (pmt, trl, h6h) of key enzymes in the metabolic pathway of
A. belladonna hairy roots all increased their produced effects. Therefore, we could be inferred that the contents of tropine
alkaloids in A. belladonna hairy roots could regulate and control primary metabolism such as Pro, soluble protein, solu-
ble sugar and secondary metabolism like expressions of key enzyme genes with the treating of AgNO,. This study could

provide the basic theories for study the synthesis mechanism of tropane alkaloids and an effective method to enhance the

38 &

medicinal composition in the culture of hairy roots of Airopa belladonna in the future.

Key words: Atropa belladonna, AgNO;, tropane alkaloids, hairy roots, expression of gene
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PO R R = J2E X A 5 T B 20 0 o S 80
FARTAAE BS iR AL b A M B RAR .
1.2 Ak
1.2.1 AgNO, 89 %1 & 44 AgNO, FH 28 18 /K i filk 7€
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2% B AL 100 wmol « L AYHER , 1t 0.22 pum JE R
R

1.22 5 Ffmaizi 0.5 g PEfEihE
RAREE T 150 mL %4 BS WA R 5% 519 250 mL
=AM, 110 v - min® fEE L (25£1) CHROLEEFE
12 d, ¥ JE AT 15 9% 2 (80 45, B B 78 0 R[] e
AgNO, B BE AR 752 5L il AgNO, 20 B 355331
4 25.50.100 150,200 wmol - L', AH[FES1F T 5
7t 2 d,

1.2.3 24k 8E FRZTONE ik  IELBS
(B RAR , FH 78 18 7K o v B IR AR 58 B 1 T Ak 45
FRHE UE AN K A JE AR, Rk B R AR 1 6 T
B OB g BRAR T 60 C LAt T 2 4
JE AR, B BARAR T B,

124 ARk BPieDmEEDBOYRER =
I8 Zarate et al(1997) YR B 1 WA 2 dh % &
AR FHAE T 60 CHET B E, 780018, i 50
H i ; B 0.100 0 ¢ /it 10 mL 4 LK ( CHCI, -
MeOH-NH,OH (15 :5: 1)),/ #H 30 min, &
TEACE A, SRR IE 2 mL CHCL, Mok sk,
GHITHIEW ;40 CEZSEKFEE T, 3R EBYWH 5
mL CHCL, 1 2 mL 1 mol - L™ H,S0, % fi# , # & />
2 G RR A, WK pH 2 10, B HIA 4
mL CHCL I K, & & ; 7025 R )2 T 40 C
BLaS e BRI 1 mL WA AR B RE SR
0.22 pm JEMEISUE, -4 CLORAFF .
1.2.5 & 54 @ik A Ulimate XB-C18 {4
(S pm, 4.6 mm x 250 mm) ; i SAH O R < G
fRE (pH4.6) =58 : 42; i 4 1.0 mL + min™ ; &
WP KA 215 nms HEHR A 40 C ;RN 10 pl,
1.2.6 3y Aigtrm e HER TiEEEAS
T 5E 22 IR 5 12 XL (2006) 187 15 s MDA 5 & 1)
I R B AR FE 2R ( TBA) He (kG AR 25
1991) 5 A ¥ PRI A a2 10 0 2 R FH B0 e 0 7 (22
A E,2000)

1.2.7 K4k AW A X Feym 2 i A Biospin
Plant Total RNA Extraction Kit i{7] & #2HUE RNA |
Promega GoScript i /il & & % 5%, &5 i ¢cDNA, DA
cDNA Jy 5 #, pgk i W 2 B B, ffi 1] Promega
GoTaq © qPCR Master Mix i 7l & ¥ 17 2¢ 6 2 &

PCR, S RTAS S, 70 A v ik il 42 9 18 il 26 A

RN, A5 B A AL Rk B, PCR B HAY
IR,
&1 PCRFTAKSIY
Table 1  Primers for PCR
GIE/ B 19)¥5) (5'-3")
Primer Primer sequence (5'-3")
F-qpgk TCGCTCTTGGAGAAGGTTGAC
R-qpgk CTTGTCCGCAATCACTACATCAG
F-Abpmit CCTACTTACCCTACTGGTGTTATC
R-Abpmt GCGAAAGATGGCAAAATAAAAGC
F-Abh6h TTCCACTTGAGCAGAAAGCAAAGC
R-Abh6h CCTCATGGTCAACTTCCTCACTTCC
F-Abtrl TTCTTTGCTTCCCTGCTGCTTC
R-Aburl GAGGCCAACCTTAGTATCACACAG

1.3 $ES

K H Microsoft Excel 2007 F1 SPSS 22.0 % %k &
PEATGETT S BRI J7 227347 , Origin 8 2218, %di 1y
Plx+s Em,

2 XRS5

2.1 AgNO, M EI M ERRMERKRIERIELED
R

N2 FTLLE H, AgNO, il T B B IR AR 1
A, PR AR 1 5 o A A R R 1 38 3% T R
I, W BE KT 100 pmol - L B0V /E FH 55 X6 HEAH
FEXA Tt 2 PR 5 T T R A% A 2 1 SR
B S 2 A R o v R R R o A SR e A
AL X} BRI 73.64% , HLER AgNO T B it AR AR 1Y
AR = T IR T E T A e 28 A W e )
WA S T, AR E S B E & AE 50,100, 150
pmol « L7EF 5% BAH LL AT Tk 2 PE A 3G, 100
pwmol « LA ik 8 T X BR Y 2.5 £, B 5 il
T AgNO NS YA BE LR i 50,
100,150 wmol - L' AbFRAL 55 % BEAH HLAK SR 3R T
FESBES A W i, B3R B
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Table 2 Effects of AgNO, on growth and TAs of hairy roots
- T o ARTER I B AR R R T b TAs =4t
I . ﬁﬁ:i q:ﬁ:i Content of Content of Production of Production of Production of
Concentration  Fresh weight Dry weight . . . . .
(pmol -+ 1) (g i) (- Hi) hyoscya]mlne scnpolalmlne hyoscya‘mllne scopola‘mulle tropane a_!ka{mds
# ° (mg-g DM)  (mg-g DM) (mg - ") (mg - ™) (mg - ™)
0 11.433+0.525a 0.884+0.025a 0.755+0.007d 0.592+0.007d 6.673+0.167cd 5.235+0.152d 11.908+0.307d
25 10.458+0.234a 0.829+0.017b 0.803+0.013cd 0.803+0.021¢ 6.665+0.254cd 6.661+£0.235b  13.327+0.488cd
50 10.233+£0.349a  0.792+0.058bc 1.272+0.025b 0.925+0.012a 10.295+0.445b 9.350+1.254a 19.645+1.628a
100 8.765+0.680b 0.684+0.012cd 1.912+0.052a 1.033+0.013a 13.095+0.579a 6.696+0.541b 19.791£1.158a
150 8.703+0.390b 0.748+0.006¢ 1.008+0.011c 0.842+0.006b 7.548+0.115¢ 6.298.+0.105¢ 13.846+0.230b
200 7.404+0.433b 0.651+0.018d 0.862+0.007cd 0.801+0.012¢ 5.614+0.182d 5.215+0.182d 10.829+0.365d

. ARVNG FREFORG AL B 22 55 53 (P<0.05),

Note; Different letters indicate significant differences among treatments (P<0.05).

22 AgNOERFH ERREK IR P ER o £ 5
R B 54 i

ME 1 AT LI B 25 wmol - L' AL FEAN  HE
ARVUZH Ab B B M RN T MDA B i, 150
pmol + L7 Ab A S 5 o0 BH 5, S % BRI 1.24 £%
FLR B RAR P il 202 1 & BE L K R AgNO, I3 i
AT WE MR, 150 wmol - L7 AL FH 1k 5
5.92 pg - ¢'FM, J&XF R AY 2.91 5, H 5 25,50,
200 wmol « L' 4B ELA B PE 2 5, & A B4 ]
A 5 AT MR A B S N UM LR T
MR, b T U MR B E 150 5 200
pmol « LA 34 Ak JHE 5 £ 43 i & X IR Y 1.55.1.52
£, 5 25 .50 wmol - L' 4bFE B A i E M2 H,
AAVER & R AE 50,150 wmol - L7 FI4H 4L 3 rp
S S R R, 4Bk B T 10,228,
9.949 mg - ¢ FM, %I B8 43 51 34 fin T 20.08% .
16.78% , [A B X P Ab B 5 25 50 wmol - L' Ab B
BAREEES,
23 FEFHERBRERRLEYRXBERR
ey =1 k-

E 2 T LA Y R B AgNO, ¥ RE i 25
B pme FERI2635,50 100 wmol - L7 &b F 26 43 5]
X HRAY 3.45 450 3.32 /%, H 5 25,200 wmol -
L7755 A B 20 34 7 7E 3 1 2% 5 IR BR 200

pmol - L7 Ak B 41 1 i DU Foh e JBE Ak B 34 ] 5 3
T ol FEP AR5 ,50 100 pumol - L7 4b 38 55 HiAh
SRR W M 25 R R, 7E hoh FEIH ) 3R GK
H1,200 wmol - L' AbHE 4 5 %F AR L & A B 1
MR 3 T LAl DU 4 AT ) S M 4R R RGR
FE R 35,100 wmol - L7 Ab 40 XF 12 5k A 1) 175
SRR AR EL R RS R R RS T 1,16 175,

3 Wik 5 4k

AgNOVER —FpAEE YT 2 1, AT s AP 14
N YA B i DA T G A 4 1 A A R ARG
7= 52 W ( Vasconsuelo & Boland, 2007 ) , [A 1, it
JUAE Ok 22 1w T AR O A= A ™ ) 2 1 1Y
Pvm . AW R B N [V BE 1) AgNO, Y] T
HOABR AR 19 2 K, 3 ) BE 2 K AgNO, X A )
B IR WS PR T OG5 1 A 2R 2 R R
AT T4 ( Clemens, 2006) , B8R i it BIRAR 19 42
KA T HAR R S Bl & i AE 50,100,150
pmol « L'EFA T b M3 N, X — J7 1 AT G
& PR EI A B IR AR TE A2 B AgNO, 1Y 38 I, 7 AR
PR | R R A PR B X R 3 X L)
GARH = Wy i 7 A 23 il 2 AR W AR W e Ak
IR B, 75— 5 WA AT R AgNO,
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I AR/NG FRRR &AL 2 55 B2 (P<0.05) . T,
Note : Different small letters indicate significant differences among treatments (P<0.05). The same below.
KI1 AgNOXFEARME MDA JH&R | Al vm | il vk i s A SE
Fig. 1 Effects of AgNO, on the contents of MDA, Pro, soluble sugar, soluble protein of hairy roots
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Fig. 2 Effects of AgNO, on expression analysis of

pmt, trl and h6h genes of hairy roots
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(AR 52 5 ] B DA S e il 5 A1 174) 2 35 52 el (R R AR il
TR HE TS e S AE M g AL B (HL A B S b
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