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Study on the Anti-TMV Activity of the Alkaloids from Nicotiana Glutinosa
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Abstract: Tobacco mosaic virus (TMV) is one of the main diseases of tobacco. The study aims to investigate the anti-TMV activity
of chemical compound from tobacco by using Bioassay-guided Method and provide the basis for anti-viral biological pesticides from
tobacco. The constituent of anti-TMV activity was isolated from Nicotiana glutinosa in Yuxi by bioassay. A kind of alkaloids that
include three new compounds (1-3) [(S)-Nkolbisine-f-D-glucoside, (R)-Nkolbisine-5-D-glucoside, Lepabisine A] and nine known
ones (4-12), were isolated from the whole-plant of Nicotiana glutinosa by various chromatographies such as silica gel, Sephadex
LH-20, RP-18 column chromatography and HPLC. Their structures were elucidated by spectroscopic methods, including extensive
1D and 2D NMR techniques. These compounds were also evaluated for their anti-tobacco mosaic virus (anti-TMV) activity. The
results revealed that compounds 1 exhibited high anti-TMV activity with inhibition rate of 93.1%, 81.6% and 71.5%, respectively.
The rates are higher than those of positive control. The other compounds also showed potential anti-TMV activity. This is the first
report on the defense chemicals in tobacco, and provides scientific basis for the next systemic research.
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1.1

Nicotiana glutinosa L.

40

2% ningnanmycin

AS

1.2
™V Ul

K326 Nicotianata tobacum K326

Gooding!! 5ulL

™V 0.01 mol/L PB
100

16 mg/mL

mol/L PB

-20 C 0.01
32 pg/mL

1.3
TECH X-4 Horiba SEPA-300
Bio-Rad FTS-135
UV-2401A
Autospec-3000
HREIMS  API Qstar Pulsar
ID 2D NMR  Bruker AM-400 DRX-500
AV-600 TMS Agilent
1100 Zorbax
Eclipse XDB-C18 Agilent
mL/min 9.4 mm*250 mm 2 mL/min
DAD 200~300

Shimadzu

ESIMS EIMS VG

4.6 mmx150 mm 1

Lichroprep RP-18 40~63 um  Merk
Fuji MCI
MCI-gel CHP-20P
Sephadex LH-20  Pharmacia
5%~10% H>SO4-EtOH
1.4
1.4.1 10 kg
1.3 kg 4 C
1.4.2
4
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1.4.3
1.5
(61 2241 C
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1 mg/mL 20
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1 1 2NMR CD;OD
Table 1 NMR data of 1 and 2 (in CD30D)
1 2
"H NMR 3C NMR "H NMR 13C NMR
6/10°° J/Hz 6/10°° 6/10°° J/Hz 6/10°°
2 165.9 (s) 2 165.8 (s)
3 115.8 (s) 3 115.8 (s)
4 152.9 (s) 4 152.9 (s)
5 7.85 (1H) d9.5 119.6 (d) 5 7.70 (1H) d,9.4 119.6 (d)
6 7.32(1H) d,9.5 114.3 (d) 6 7.17 (1H) d, 9.4 114.1 (d)
7 142.6 (s) 7 142.6 (s)
8 141.9 (s) 8 141.8 (s)
9 159.0 (s) 9 158.9 (s)
10 103.2 (s) 10 103.1 (s)
a 7.66 (1H) d2.8 1443 (d) a 7.61 (1H) d,2.4 1443 (d)
B 7.16 (1H) d2.8 106.3 (d) B 7.07 (1H) d, 2.4 106.3 (d)
Iy 4.42 (2H) d4.7 71.2 (1) I 4.47 (1H) dd, 10.0,2.0 72.0 (1)
428 (1H) m
2 3.90 (1H) t,4.7 86.3 (d) 2' 4.12 (1H) t, 4.3 83.9 (d)
3 737 (s) 3 72.6 (3)
4 1.33 3H) s 26.4(q) 4 1.31 3H) s 26.6 (q)
5 1.32 (3H) s 25.8(q) 5 1.29 (3H) s 262 (q)
C4-OMe  3.92 (3H) s 60.0 (q) C4-OMe  3.98 3H) s 60.0 (q)
C8-OMe  3.95 (3H) s 62.1 (q) C8-OMe  4.12 (3H) s 622 (q)
Gle Gle
1 4.55 (1H) d,7.8 106.2 (d) 1 4.83 (1H) d,7.8 103.6 (d)
2 3.24 (1H) m 75.7 (d) 2 3.27 (1H) m 75.4 (d)
3 3.28 (1H) m 78.0 (d) 3 3.28 (1H) m 78.1 (d)
4 3.33 (1H) m 71.4 (d) 4 3.40 (1H) m 71.8 (d)
5 3.28 (1H) m 77.9 (d) 5 3.28 (1H) m 78.1 (d)
6 3.68 (1H,) dd, 11.6, 4.4 62.5 (1) 6 3.88 (1H) 4,112 62.8 (t)
3.60 (1H) dd, 11.6, 4.4 3.60 (1H) dd, 11.2,4.8
'THNMR 400 MHz BCNMR 100 MHz
1 60.0 1 o 66.8 5 o 77.0
CD [245 (Aet+4.51) 220 (Ae 1069 1232 138.9 146.7 7 o 72.5
+0.32) nm] (S)-Nkolbisine!® 110.3 1204 160.5 164.0 167.1 167.4
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Fig. 3 Structures of land 2



HMQC 'H-'H 2 (R)-Nkolbisine-B-D-glucoside
COSY H-2' 64337 I1H dd 85 C2H3NOy;  'H NMR (400 MHz, CD;OD) and °C
25 H-1' &390 1H dd 115 85 4.20 NMR (100 MHz, CD;OD) 1 ESI'MS: 510
IH dd 115 25 HMBC  [M+H]" 532 [M+Na]' 1041 [2M+Na]' CD (c
H-4' H-5' & 1.10 3H s 1.67 0.08 MeOH) A (Ag)220(0.32) 245 (4.51)
3Hs C2 &770 C-3' H-1' C4 & 167.1 3 Lepabisine A [0]2°+0.6 (c 0.10,
C-4 MeOH) UV (MeOH) Ams (loge) 204 (4.46) 251
HMBC H-7 & 7.19 1H d (4.05)nm CD (c0.13  MeOH) 4 (Ag) 195 (3.5)
118 C8 &1232 C9 &1674 C-5 &  225(-09) nm IR (KBr) vhax 3429 2954 1726 1638
1204 C4 & 1671 C-6 & 1605 1571 1376 1276 1171 1096 1053 cm’ 'HNMR
Hp 728 1H d 26  C2 & 1640 (500 MHz CD;OD) and 3C NMR (100 MHz
C3 & 1103  Co & 1467 CD:OD) 2 HREIMS m/z 351.1312 [M]" (calcd.
4 forCyHuNO; 351.1318)
H-7 H-8 11.8 E Lo [(7-14]
3
lepabisine A 22
212 1 (S)-Nkolbisine-B-D- =21 ™V 3
. . TMV
glucoside C2H31NO;;  'H NMR (400
MHz, CD;0D) and '*C NMR 100 MHz CD;0D 3 1~3 4
1 ESI'MS 510 [M+H]" 532 [M+Na]" 1041 80% 1
[2M+Na]® ESI'MS 508 [M-H] 6
2 3 NMR CDsOD
Table2 NMR data of 3 (in CD30D)
'H NMR BCNMR 'H NMR 3C NMR
6/10°° J/Hz /10 /10 J/Hz 6/10°°
2 164.0 (s) 1' 3.90 (1H) dd, 11.5,8.5 66.8 (t)
3 110.3 (s) 4.20 (1H) dd, 11.5,2.5
4 167.1 (s) 2! 3.37 (1H) dd, 8.5, 2.5 77.0 (d)
5 120.4 (s) 3 72.5(s)
6 160.5 (s) 4 1.10 (3H) s 24.9 (q)
7 7.19 (1H) d,11.8 138.9 (d) 5 1.67 (3H) s 26.5(q)
8 7.90 (1H) d,11.8 123.2 (d) Cs-OMe 4.24 (3H) s 60.0 (q)
9 167.4 (s) Co-OMe 3.87 (3H) s 53.1(q)
a 7.90 (1H) d,2.6 146.7 (d)
B 7.28 (1H) d,26 106.9 (d)
'THNMR 400 MHz 13C NMR 100 MHz
»
HO. 3J—OH HO OH
2 5
o) o 1 (@] O
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HsCO™o /5| - N alfa ° | —
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Fig. 4 The structure and key 'H-'H COSY (===) and HMBC (H = C) correlations of 3
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3 T™MV 5 T™MV
Table 3 Inhibiting effects of compounds on TMV Table 5 Curative effects of compounds on TMV
1% - @ 1%
(S)-Nkolbisine-s-D-glucoside (1) 53 76.4 93.1a (S)-Nkolbisine-3-D-glucoside (1) 175 615 71.5b
R)-Nkolbisine-g-D-glucoside (2 . 1. 4.
(Le)pabi;’i:;s'Aszf glucoside (2) 2163 26 3 23 ig (R)-Nkolbisine-[3-D-glucoside (2)  23.4 56.3 58.4cd
Skimmiamine (4) 21 315 33.3g Lepabisine A (3) 35.3 71.3 50.5de
(5)-Nkolbisine (5) 8.4 33.0 7454 Skimmiamine (4) 18.0 24.3 25.99
Nkolbisine (6) 57 476 88.0b (S)-Nkolbisine (5) 14.0 26.8 47.8e
Methylevoxine (7) 165 65.3 74.7d Nkolbisine (6) 16.0 278 4248
Haploperine (8) 28.8 700 58.9e Methylevoxine (7) 16.3 45.7 64.3c
Melineurine (9) 15.7 67.6 76.8d Haploperine (8) 311 67.3 53.8d
Evodine (10) 68.5 83.8 51.3f Melineurine (9) 30.6 79.4 61.4c
Evoxoidine (11) 273 433 36.99 Ezﬁigziﬁfim ‘15‘3"5 ;Zg %;2
Myrtifoline (12 16.7 58.5 71.5d ' : '
Niﬁ;;:n'r:ic(in i ) o o 03 126 Myrtifoline (12) 37.1 63.7 41.8f
: : : Ningnanmycin 9.0 333 73.0ab
p 005
2.2.2 TMV 3
4 TMV
24 h 1 2
9 TMV
81.6% 84.1% 78.0% [15]
2.2.3 T™MV [16]
5 TMV
24 h 1
11 TMV 71.5% 75.9%
[17-18]
[19-20]
4 T™MV

Table 4 Protection effects of compounds on primary infection o

of TMV =1

1% Free EICH

(S)-Nkolbisine-s-D-glucoside (1) 135 73.2 81.6a
(R)-Nkolbisine-s-D-glucoside (2) 7.3 459 84.1a HIV [21]
Lepabisine A (3) 21.8 63.4 65.6e
Skimmiamine (4) 22.8 40.3 43.4h
(S)-Nkolbisine (5) 13.0 417 68.8e
Nkolbisine (6) 15.0 37.0 59.5f
Methylevoxine (7) 28.0 38.1 26.5i
Haploperine (8) 39.7 82.0 52.69
Melineurine (9) 19.8 90.1 78.0b
Evodine (10) 42.7 72.2 40.9h
Evoxoidine (11) 46.0 63.2 27.2i
Myrtifoline (12) 237 65.3 41.6h

Ningnanmycin ( ) 13.0 45.7 71.6¢c
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