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g, FEk. oW, KREF, F OB, XK
WA A R B/ = W I A A B M T TR 96305 L TR 400715

WE, B0, AR R REEF BT E (MDD, B4 AgNO.) . KB (SA), BEFRIY(YE) 4 #%F FF 5 8%
ERBAERBICSIREENBARG YA, Fok: ¥ 0.5 g HEEFHLRREAN T B RiKEREF, ZoEA12d
Jo . MBRABREB AR RESFTHAFANBRE, AFELEH T HRER 24, KERBERRMH, ML
A FZE5TREARBREAYBROLSZ. &R MIWH TERRAEAKRER SR EEDHEGBRE, @ AgNO;,
BAWH T HALRBEOER, EHIERSTREEEADBNOMRER, BB E LA PHHBY F /£ 100 pmol/L
AgNO, 432 Fik 8] 26. 191 mg, A4 219.9%. /£ SALE T, & DEERWH T ERBRGE K, & BT
HREAREAEN. £ YELET, MXBEREFZ, FERRERRIEDITE £ DR R R 69 LB R 432 5 38
R Z# AgNO, ZRZJFERBRFHSREEYBORELFT, ™ YEAXSHHERBAEKGRMEFFT.

X B W A A5 ek E ARG BRAR

FESES: Q949.777.7 XERER: A XEHS: 1673 -9868(2018)05 - 0075 - 06

Wil Atropa belladonna L. . 1825 LA, ZAFHEME Z4AE LAY, 27 A2, e &1t
e S A Wi ( Tropane Alkaloids, TAs), W78 B %5 Bl ( Hyoscyamine) , B %5 #if ( Scopolamine) & il 4T /i
(Atropine) . FEIG R L, 75 B %5 A 0] DA v A A 28 0 i) 0 ) S0 Jopp 2 BEL VA . BOH TR L BB L TRT N
G RRIE . PUR DA . BCE MG WRIT AR R . MRS, (HE, MY AR R
PRI AT A — RO AL, I S i 3 1 E A3 & A 808 4 B 0 ikt

SRR RN, TEAEYERER M S 248 2 My e R > S & A 80eRE. B,
XF 51 A3 B BIE 9 3 A v A A A AR O B R 3 DR B I 9 . I AR DL A S S T Ok s A A R
G BRI PETE. BARARE AR & AR AT B Ri B A9 DNA B & S Y 4 i) DNA [, W
7 5 14 22 0L I A 4 D JER 4 B A7 4 R i B R AR . B IR AR A5 80 %) 3% 1 4 Jo 2 L BT AR R A R BORY B
0] DA BUEAE YA A 0 R B, AR SRS R B CRAR e kL, 38 AT B MJ, AgNO, , SAL YE 4
Pl T+ AR5 5 16 B B R AR 09 28 K S e a B 25 AR W 0 i 52 A, 1 7R R R o BE 28 AR W e Y
Tolk A = fe ik 2 2%

1 #MBEF*®
1.1 # #
A S I AR A AE AR BS 15 35 358 09 B0 B R AR

@ YR HEB. 2017 -04-07
HEWH. BRALRBEEETH (30500041) ; 8 KT RHE I H (CSTC2012gg — yyjs80013).
fEZ A X1 1990 -, &, WLBFsEAE, EEMNF LAY AL TR,
WIEIEH . RAEkR, Hiz.
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1.2 FHRFHH&E

MJ . SA R IIECH] : K MJLSA 235 I JEK CBE B J5 . PRI Z8 8K E 25, B 20 pmol/L 1
BV, 18 0. 22 pm JEARBRTE 25 H s AgNO, WA ECH] - 8 AgNO, FHZEW K il 2 45 Bl A 100 pmol/L
PIREWE . 4 0. 22 pm UEIEBRTE 25 M s YE WA ECH] . ¥ YE HZER/KIE B E S G . BUdl i 200 mg/mL #Y
BEWR e e TR 5 K T 45 .
1.3 BEFHRMELEF

W B — S B B M BARAR 0.5 g #2F 150 mL I E M BS ARG AN 250 mL —MMih, &T
fE IR IR 53746 110 r/min, (2551 “CROCHFR 12 d J5, B J50A WASS 35 2803, He sl iR Inids 5 7 14 it
W KGR, 1 5 1 BT FH A Vi B2 A6 T 52 500 T A Hh 48k 6 3 VR BE S L. T ML, AgNOy » SA 23k B2 349 43 531)
M 25,50,100,150,200 pmol/L, YE &Rk E 4 100,200,300,400,500 mg/mL. 7EA R 44 F RS 2 d.
SR S 0 A PR AR A T A U R MR R A O L e T A
1.4 BMERRERE, FTRENNER TAs FENITE

Wk FHAS )75 57 b Bk 1) B 750 B R AR S, 2 08 7K b v 3% P 10 YA 355 3 35 L I T IROK 4R K 43 I
PR, AT T R AR e 5T it 0 A K B i ) B R AR T 60 CCHEAR UL T AR AL, FR UM BARAR
TR, I E R B RR TAs 78, iHE AR InTF .

Yi=c, Xm,Y,=c, Xm, Y=Y, +Y,

L Y o U BARR TAs 7 (mg)» Y, RRRE " i (mg) » ¢ FRon AR K 00 it 50 80 (mg/g) »
Y, FREFEBE (mg) s o BB (mg/g) s m FamPMEBRMR T B (2.
1.5 REBEARERIRERLLH

K AR B 5 . AR L b o i 43 ) T ) VR B R 100 g/ mL, 200 prg/mL, 300 pg/ml., 400 pg/ml,
500 pg/mL BIBRIES: , 488 HPLC R0 45 PRI , DAWETET Rl Y il Fn ol ok B2 o0 XAl bR ih 2, I 4
A 1l 05 R
1.6 HEAERRPEDFEAIRN

S W ZARATE R %" B3 HOr o, WA o3l 4 10006 B AR R4S P 60 CHL T R R i, 75 BF
& J5 3t 50 Hfifi s #KEL 0. 100 0 g T A 10 mL $#2 B (CHCL,-MeOH-NH, OH(15 = 5 = 1)), i## 7 #£H
30 min J5EFIRAE 10 h b5, pE4RE0E, FH 2 mL CHCL, shykski . & IF A i i D8 s #F I8 40 C
HEWHET, BEBYWH 2 mL 1 mol/L H,SO, F15 mL CHCL, ¥, #5425 I8 6 e A T 7K vh 3%
e Z K pHAEZE 10, F4 2 WIMA 4 mL CHCL, 280, # 8 #E2ZRHTET 40 CES KRS =
T, FREYIH 1 mL R AR 9 RE SO FESOR 0. 22 pm DRI T UE, —4 CIRAEE .
1.7 EmERRAPEYHE HPLC RESHNEN B £ H

% 4E . Ultimate XB-C18 (3% 4 (5 pm. 4. 6 X250 mm); WA « FEE. 0.05 mol/L B MR 4% (pH
i 4.6)=58: 42, 0.002 5 mol/L SDS; ##: 1.0 mL/min; KM I K . 215 nm; HiE.: 40 C; JEkE
. 10 pl.
1.8 #HiEamE

BT A5 $6 bR 2 0 5E 3 Y. SR Microsoft Excel 2007 I SPSS 22. 0 % B4l #4758 120 Hr Fl 7 25 K6 56
BHEIH LA« 5 FoR

2 BRSO
2.1 MY XA EARR 2 4 R HE B 0 2K 2 W R B
e LT LLA . S R L. FE R A M AR T . SR B AR A R R 2 ) TR
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E PRI, O AE 0 Tk B Y R N AR R o o R B 0, AT ELZEVR SR 200 pmol/ L B w1 T
AL J5 5 % e B g8 e 1 O AN ELAT I P AR R R O G 0 T AR R 4 I v R i £
Se L AERARA ., HAE 100 pmol/L Bt B T 847 48, i 25050 %1k 0. 129 mg/g, 0. 111 mg/g; Xf
THE M e R A Y = . BEE RS IR BRI, FE S e 2R A R 7 R BB S B E, AR TR
Rk, H5X A Bk

1 MIMNERBERKEEREREEDHEOF N
iz / E )57 41t/ TR/ REEMSE S REWP R RREEWS R RE TAs 74t/
(pmol« L™Y) (g M " (g™ (mg+g ' (mg+g ' (g™ (g™ (g- D
0 11.7244+0.734a 0.88640.023a 0. 75440.006a 0.5924+0.005a  6.689+0.024a 5.243+0.106a 11.93340. 344a

25 10.53140. 279bc 0.816+0.007b  0.22440.007¢  0.501£0.013b  1.831£0.062¢ 4.089£0.133b 5.920£0.102¢

50 10.863+0. 602bc 0.78340.019b  0.13540.007d  0.1674£0.005e 1.063+0.076d 1.311£0.058e 2.373+0.133e

100 11.345+0.177b 0.78840.014b  0.12940.009d  0.11140.002f 1.023+0.089d 0.878+0.028f 1.901+0. 115e
150 9.764+0.235¢ 0.76840.024b  0.206£0.005¢  0.223£0.004d 1.589£0.095¢ 1.712£0.071d 3.23040. 164d
200 10. 606 0. 269bc 0.824+0.022b  0.459+0.007b  0.39040.013¢  3.791£0.156b 3.2204£0.194c 7.0104£0. 349b

Ve 21 PHUR R T AR 2 BB R T ROR 25 RAE 5 YOK TR G LD,
2.2 AgNO, 3t 8170 E 4K R 4 1< R 3T e 25 4 M A8 =2 i

M 2 WA, AgNO, 1B NS T 61 T 85 B ARAR A AR K, TR AR e At i X 0 vk R o o
kb, HAE 100 pmol/L J& 4 il /6 FH 5 %F BEAR Lo BT i k. Wi, BRAR G T 5 B A 32 31 1 4041 L 25 ok
P EA M S o VR B AT A8 R e W, A X IR 73, 64 00, EROAR BN BARAR 9 A K A2 B T, B
FLHE A 6 288 A W 8174 J5T o o B B AR R A Y B 4 BROE i RDVR BE (50,100,150 pemol /L) B 55 % BRAH
FOA B PR N, 7E 100 pmol/L B i /2 H0AF] 1. 912 mg/g. XK 2.5 4%, SXHIRA A b, 5k
PN R 75 T ) S5 S RO 4 I EL X B 3 . TR 50 pmol/ L i 5 A AL BEZE 5 B L B o Bk
£ 0. 925 mg/g. X THEM LI = TR UL, BAR AgNO, X8 B AR A K= E T MHER, |
HEHE T HE B2 E W AR B rh VR (50,100,150 pmol/L) &b 31 5 % BEAH FL AR SR 32 85 T 4E M ke 3 2k
Yk e, B EAA BN, Hoh 100 pmol/L #94b BRACE e, Fe X BB T 119. 94 %.

F 2 AgNO, MTERREKRIER IR EWF MM

W/ fif T ft/ TR/ AREFBEESR BEREESE AEEECE EEETE/ TAs 74/
(umol+ L™H) (g " (g " mge+g mge*g (g 5 (g W " (g« M D

0 11.43340.525a 0.88440.025a  0.75540.007d 0.59240.007d  6.67340.167cd 5.23540.152d 11.90840.307d

25 10. 45840. 234a 0.82940.017bc 0.803£0.013cd  0.80340.021c 6.665%0. 254cd 6.661+0. 235¢cd 13. 32720. 488cd

50 10. 23340. 349a 0.7924+0.058¢  1.27240.025b 0.92540.012a 10.29540.445b 9.35041.254b 19.64541.628b

100 8.765+0.680b 0.68440.012cd 1.91240.052a 0.86140.013b 13.095%0.579a 13.095+0.579a 26.191+1.158a

150 8.703+0.390b 0.74840.006bc  1.008%0.011c 0.842+0.006b  7.54840.115¢ 7.54840.115¢ 15.09740.230c

200 7.404+0.433b  0.6514+0.018d 0. 86240.007d 0.801£0.012¢ 5.61440.182d 5.61440.182d 11.22940. 365d

2.3 SA MWEAERREKRIERREE VRN

M3 i LE . TEARRFIRE SA T, & 50wk B X S0 B ARAR 1 4= KBRS, (H3% 00 B 3%
P22 S AH . 2 AL B AT BT B O MRS i 2 MR R 155 7 R U In A 2R A e BT A e R, HLAE
IGVR B AL FE R (25,50 pmol /L) AR B %5 B 1Y) 5 40 B30 0 FR AT S 35 PR3, 50 pemol/ L B2 X BB Y 1. 58 £i%.
X TR A I S5 S A% Ak B 0T BB I S A R T OB A B B R B A BRI T R, HLBE
T 0 VA B o o o) R R S R RS T i e
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3 SAMERREKERERELZEYHENF I
e/ i i it/ TR/ REZWT RSN EEWTESS RESHT R/ EEE&E/ TAs = #/
(pmol « L") (g M " (g " (mgeg ) (mgeg ") (g Y (g Y (g "
0 11.923£0.596a 0.927£0.079a 0. 754=£0. 006¢ 0.591+0.004a 7.74540.530b 6.08940.512a 13.835%1.041a

25 10. 90840. 420ab 0.898+0.012b  1.00740.009ab 0. 38740. 006de 9.05840. 124ab 3.47740.022d 12.536+0. 105a

50 11. 044+0. 674ab 0.82540.034b  1.19440.177a 0.46340.008d 9.767+1.165a 3.82040.092cd 13.588+1.129a

100 12.001£0.412a 0.855£0.010b 0.98340.004abc  0.5610.009b 8.41240.101ab 4.80640.137b 13.218+£0. 238a

150 10. 88740. 146ab 0.836+0.022b 0. 963+0.006abc  0.535+0.007¢ 8.058+0.207ab 4.477=+0.060bc 12.53640. 266a

200 10. 79440. 355ab 0. 85240.015b 0. 89940.033abc  0.47540.008d 7.668+0.329b 4.04640.019cd 11.71540. 346a
2.4 YEXEIAERBREKEITEREEEYEN N

N4 FTLLEE, SxF A, 45050k B b PR Y 2 MR R T B ORAR A B B, R
(300,400,500 mg/L) &b ¥4 i 25 52 5 T UM BARAR A T Bk, FE YE W T s, F8 b e 28 28 P il o o
3B T T, v A SO A 5 ek B AT R T oy B B M 22 R, 500 mg/L AL BT R A O
J A BGR E) 0. 781 me/g, JEXTHRALAY 1. 35 A5, FE & e 28 AR MBS 0 BRAE A B . HLBRAK
W PE (100 mg/L)Ah . HoAh£5 v B2 X G S b 25 A i i 42 = ¥ B AT 3. FER R AE iR S S YE
W R IEASEME, UL YE 78— E W BE RS YL BRI N . YE W MR . B8O A T 8 BARAR b TAs iR &,

F4 YENERREKRIERGEEDRN TN

e/ e J £/ T FiE/ RESBEEM REMRES N/ AEEm"2/ EaEh"8/ TAs =i/
(mg+ LY (g M D (g i D (mgeg ) (mge+g ) (g 5 (g WY (g
0 11. 69340. 244e 0.866+0.020d  0.73840.006b 0.579+0.013d  6.400£0.135¢ 5.02540. 146d 11.42540.279d

100 12.767£0.119d 0.900£0.001d 0.76420.005ab  0.61240.032¢ 6.884+0.051de 5.51740.031d 12.401£0.027d
200 13.0294£0.049¢d 0. 96440.023cd  0.77740.010a  0.75040.004b 7.496+0.147cd 7.247£0.243c 14.7374£0.371c
300 13.38240. 203bc 1. 0904-0. 004bc 0. 763+0. 019ab 0. 76340. 018ab 8. 32240. 185c 8.323+0.081b 16.645+0. 258¢
400 13.676+£0.09b 1.20340.090b  0.798+0.009a  0.765+0.025ab 9.587+0.597b 9.216+0.747b 18.804+1.341b
500 15.246£0.269a 1.480£0.040a  0.796%0.007a  0.78140.034a 11.80240.406a 11.567=+0.294a 23.370%0.699a

3 eSS

5 138 AT LUAVR D — A TR A0 L RS2 AR B ORI S A 255 R 5k A I e 2
H A e P — R B SRR S B s 3 5 A ) 3R AT O G T ol L R AR AR A (A ) R TN R T A A A AT
SHMYEN GRS MR EF TSR IR, BB RErE . Pl WL — ik Y
SE SR Rk, DT AR SRR E B O A AR L DRI, R LA R X O 3 5 R 4R R BT R R
R 7 0 oo %K

SRR AT A Cn MDA A 7 4 o A A 7 T DGR 05 5 3 S 9 PE L WESE A B SRR
A A W T LA SEOR) A 0 U A A 7 0 1) 5 I T 5 S A ) AR AR (B L BRI DS L AR
) A ROy B E AR R ARSI TS A B 50 IR ATAR FE . AN B R Y T R S 2 B T XS
PhBR A xT & B 2 AR A BTS2 A (). S8 HC IR Al RE R R o M A S — R A= i 5 7 0 38T A 0 4 i
() 22 P05 S 7+ 51 240 I BT 305 B R ) B AR 3K BN T AR A R DT AR T B RAR B 2R L R A AT
sl A5 28 A W B A 2 RS2 B T AR X M XS U P R R AR [ AT RE R D D B )
ZUCERME WA, I B2 G R PRI N c4h s pal tar SR MI R SBURMEBE58. 223
HREBIESE S B M AT LA 5 U8 B ARAR T FE A B2 A IR B R X AR SRR A BIE ST A RN TR T RE R
FAFE T T AN Tr A [ 8 7 5 I (] (9 22 53 BT - 2

AR B A — A AR A S T R R T T DU S A R A S A R . TR A A
PR RARI = AR ORI S R AR SR A B, AgN O, T 4 R B RAR 9 R L IR AT B AgN O,
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(YR INRSE IR T FEL ) 240 L ) 5 4, 3 BORE ) AR R e R P T R I AR T R B E R S . A T RE S R A
PINE AR L e AV BB FR M S R 2 R P A T B AR B ARAR A K A2 B T A, (0
FE it be S8 AR Wy e i) B i o BRI B . X AT REJE AgNO, 255 UM 4T it e 38 2R WA 8 i e v G B
FHEPFIE. Ying FH Agm A BFF B ERRIG . £ mRNA KF LRI RS 6 d B pal 5561k 5 i w1

SAAE R —Fpa I T T ANMUATIE S 2R Y X e 88 . 458 S 7= AR Ptk . BT A LA i &
YA C I R (36 3h. RIS, 15T F SA XFEUN BARAR 04 KA 0w A 5. SA 2Pk
WAL — P55 0, TP AR D9 AR, 1AM IR SA [ U8 I nT R A7 76 Wk B 25 53 5l 1 S ) K,
JIT LA T RAR 0 A S i R R AR B . A AT & B SA X R — 4 R AN R AR A 0 0 5 i oS A TR,
AT KB SA VENET U8 N80 A2 B i b, P D v A0 R AR AR AR R A R A B (X
B ) A B AR AR R 35 A SR IE 1 45 SR AR AL AR 5256 78 IRV B AR BT (25,50 pmol/L) 7R R %%
BT S RO IR S S R R, L [R] B ST R B SA IR TR N T DA 3 B AT S R SR A R Y T Ay
BT iR R R AS R AR A A U AE AR A BUR AR X IS S T SA By IR R AR TR

YE W] 3 53 3 fh U A A 7 0 R G Bl ) T A R B g A A R U AR AR i e i R R AR S B 5
R AR YE X B AR A KA REHAEH. YE B98I A 7e 90 4 Qi #2 v G6PDH 3% 4
B, G6PDH J& 0 2 SO & 78 1 5 — A SRR B . I A6 175 5 7 00 0 A K0 5 i 1 FH O THT 26 B mT LA 4
BEEE 211 NADPH, {238 #1440 A= AR, DA 4 A6 1 B 88 m- 7. NADPH i ml D B fife % 40 it A5 193 35 119
TR SR B A TR G A& A% iRt T DR S AR R L R S ER A5 R AR W, YE IR I £ B in
BRI WM R, JF AP S50 A B k) s iy B B E 2R, S — i,
YE A SR - REREAER. IR, BHREAAER . MEE TG, X8y 5o P B K Rk A 4R
PR R A 25

WM R 4 MR E ST R, AgNO, &3 & BUH BRAR P TAs i B R EiE T, m
YE J& X EBRARAE K R AAEE ST, BAE—EWELE N, Bl EIRR T TAs TR BWHREYS YE
W BE 5L TEAH G, AN [R] (9175 3 1 0 B B R AR 1) A R S it e 28 A W B 11 S i A AR TR . 3 T e R R
AN TR) P 175 5 5 N7 5 4 0 A L ) 1 B 65 R S LT I ) A2 AR RS B L A R KRS R A
S H A EARAR A AL B e 5 A L, e REiE— A
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Influences of Elicitors on the Growth and Tropane Alkaloid
Contents in the Hairy Roots of Atropa belladonna L.

LIU Jia, LU Ke-huan, GUO Shuang,
ZHANG Cui-ping, WEI Yue, WU Neng-biao

Key Laboratory of Eco-Environments in Three Gorges Reservoir Region . Ministry of Education/

School of Life Science, Southwest University s Chongging 400715, China

Abstract: Objective: To study the influences of elicitors (M], AgNO,, SA and YE) on the growth and
tropane alkaloids in the hairy roots of Atropa belladonna 1. Methods: Fresh hairy roots of A. belladonna L.
0.5 g in weight were inoculated into B5 liquid medium and cultured for 12 days in dark. Then the original
media were poured out and replaced by four kinds of new media containing different concentrations of M]J,
AgNO;, SA or YE and cultured under the same conditions for 2 days. Finally, the hairy roots were gath-
ered and their fresh weight, dry weight and contents of tropic alkane alkaloids were determined. Results:
M] restrained the growth and alkaloid accumulation of the hairy roots. Though AgNQO; inhibited the
growth of the hairy roots, it significantly improved the accumulation of tropane alkaloids in them. With a
concentration of 100 umol/L, AgNO; treatment increased the contents of tropane alkaloids by 119. 9% as
compared with CK. SA had little influence on the growth of the hairy roots and stimulated the accumula-
tion of scopolamine. In YE treatments, hairy root growth and contents of tropane alkaloids increased with
the increasing of YE concentration; Conclusions: Elicitors have selective influence on the growth of the
hairy roots of A. belladonna L., and AgNOQ; is the best elicitor for trapane alkaloid accumulation in the
hairy roots, and YE is the best elicitor for improving hairy root growth of A. belladonna L. .

Key words: Atropa belladonna L. ; elicitor; tropane alkaloid; hairy root
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