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AbstractXapndiol, solavetivone, 3-hydroxysolavetivone, 3-hydroxylublmin, nshltin, eplnshitm, glutmosone and 
oxyglutmosone were isolated from TMV-inoculated leaves of tobacco (cv Samsun NN) and identified by GC/MS 
analysis. 

INTRODUCTION 

In various studies, a number of different sesquiterpenoid 
and related phytoalexms or stress metabolites have been 
isolated from diseased or stressed tobacco plants, belong- 
mg to several species and cultlvars, wlthm the genus 
Nzcot~~na (Table 1) For the structural formulae of tob- 
acco phytoalexins and their blosynthesls the reader is 
referred to recent reviews by Ku6 [13] and Stoessl [14] 

In an mvestlgatlon on the possible role of phytoalexins 
m disease resistance m tobacco [ 151, we exammed leaves 
of Nlcotzana tabacum cv Samsun NN inoculated with 
several Pseudomonas species or with TMV, or treated with 
aqueous solutions of mercuric chloride. Preliminary ex- 
periments showed especially TMV-inoculated leaves to 
produce large numbers of fungitoxic substances which 
seemed worth closer exammatlon. 

RESULTS AND DISCUSSION 

TMV-inoculated tobacco leaves were extracted as 
outlmed below (see Experlmental). The TLC bioassay 
used to detect fungitoxic compounds [ 161 revealed up to 
six bands with fungitoxic actlvlty. Capsidlol (band 5, see 
below) was the only fungltoxlc compound detected m 
tobacco leaves after 2 days and up to 13 days the quantity 
remained the same. Bands 1,3 and 4 appeared after 3 days 
and had dechned after 10 days especially m the cases of 
bands 3 and 4. Band 2 appeared some 8 days after 
moculatlon and then declined. In view of the small scale of 
the experiments which resulted m only microgram quan- 
titles of the compounds of interest m each extract 
examined, GC/MS analysis was considered to be the most 
appropriate method for the further study and identlfi- 
cation of these compounds. The mass spectra were 

Table 1 Sesqmterpenold phytoalexms and stress metabohtes known to occur m various species and cultlvars of 

Ntcotuma* 

Species and cultlvar 
Pathogen or 

ablotlc inducer 
Phytoalexm/ 

stress metabohte Referencet 

N clevelandu 
N glutmosa 
N rusttca 
N syluestrls 

N tabacum cv KY 16 

N. tabacum cv Samsun NN 

N tabacum cv Wlute Burley 
N tabacum cv Xanthl-nc * 
N. tabacum x N glurmosa 

TNV 

TMV 

TMV 

TMV, TRV 

Ps lachrymans 
Ethrel, TMV 
TMV 

TNV 

TMV 

TMV 

Capsldlol 

Glutmosone 

Phytuberol 

Phytuberm, phytuberol, 

solanascone, solavetivone 

Phytuberm 
Phytuberm, phytuberol 

3-Hydroxysolavetlvone, 

solanascone, solavetivone 

Cap&o1 

Solavetlvone 

Glutmosone, 3-hydroxyso- 

lavetlvone, phytuberm, 

phytuberol, solanascone, 

solavetivone 

*In addition to the phytoalexms hsted, rlshltm and an Isomer of rlshltm have recently been reported from Ph. parnsltlca 
var nlcotlanae-inoculated tobacco callus tissues [9]. Several of the sesqulterpenolds mentIoned have earlier been obtained 

m very small amounts from apparently healthy tobacco [ 1@12] 

t Only earliest reference given 
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checked with spectral data reported m the literature or 
compared with those of authentic samples No attempts 
were made to quantify the components present. 

Band 1 (R, 0 82) contained, besides traces of glutmo- 
sane a& soiavt%vune (boih iess than 5 ‘I, of extractabie 
content of band 1), 3-hydroxysolavetlvone as the major 
constituent These compounds had been reported earher 
as stress metabohtes from tobacco (cf Table 1) 

Band 2 (R, 0 51) was only vlslble m extracts of leaves 
more than 6 days after moculatlon with TMV This band 
contained one compound with an elemental composltton 
ofC,7H,,N,0 ([Ml+ 274 2050,calc 274 2045) The base 
peak m the mass spectrum (190 1093) was due to loss of 
hexane, while the next intense peak was at m/z 189 1018 
(loss of C,H 1 3). These fragments possibly originated from 
a compound contammg a C,H,, group attached to a 
highly unsaturated (SIX double bonds plus rmgs) 
C,,H,,N20 system 

Analysis of band 3 (R, 037) showed the presence of 
three compounds The mam component was identified as 
oxyglutmosone Its mass spectrum was found to be 
essentially slmllar to that of authentic oxyglutmosone and 
the elemental composltlon found for the fragment [M 
- H,O]+ was C,,H,,02 (measured mass 218 1304, talc 
218.1307), which agreed well for this norsesqulterpenold 
This compound had been reported earlier as a phytoalexm 
m potato tubers [17] As for the other two compounds m 
this fraction, the relative concentrations varied widely for 
the various extracts The compounds are, as yet, umdentl- 
fied isomers with elemental composltlon of C,5H2h02 
(measured mass of the [M - H,O]+ fragment 220 1830; 
talc 220 1827) From the mass spectrum it seems probable 
that both oxygens are present m a 1,2-dthydroxy~sopropyl 

group 
The fungltoxlc band 4 (Rf 0.28) contained two lsomeric 

compounds, A and B, compound A m most extracts 
exarmned bemg more abundant than compound B. The 
mass spectra of both compounds showed the character- 
istic features (see Experimental) of that of rlshltm 
Comparison with the R, and mass spectrum of authentic 
rlshltm showed the minor constituent (B) to be rlshltm 
The mass spectrum of the mam component (A) was almost 
identical to that of rlshltm except for the intensity of the 
peak correspondmg with the [M - H,O]’ fragment, 
which was much lower compared with the Intensity m the 
spectrum of authentic rlshltm (9 vs 52 ‘I,,). Reaction of a 

1 1 mixture of both compounds with acetone, m the 
presence of p-toluenesulfomc acid, gave a nearly complete 
conversion of A mto the acetomde while only 25 ‘S,, of B 
(rlshltm) was converted This indicated that A was most 
probabiy 2- or Seplrlshltm Rlshltm and an isomer of- 
rlshltm have recently been reported to accumulate m 
tobacco callus tissues after challenge with Plzytophrhora 
parasrttcu var nrcof~anue [9] 

A third compound present m this band appeared to be 
4,8,13-duvatrlene-1,3-dlol This dlterpene 1s known as a 
constituent of tobacco leaf surface hplds [IS]. 

The mam compound m band 5 (Rf 0 20) was identified 
as capsldlol, a well-known phytoalexm of tobacco [ 1] For 
some extracts this band also contamed minor quantities of 
3-hydroxylublmm This sesqulterpenold had earlier been 
reported to occur m diseased potato tubers [19] 

Band 6 (R, 009) was due to mcotme, present m 
relatively large amounts as compared with the other 
substances 

Bloassays of extracts of water-maculated control leaves 
revealed only two fungltoxlc bands One band (R, 0 30) 
was due to duvatrlenedlol, the other band (R, 0.09) 
consisted of mcotme Except for these two compounds 
none ofthe other substances described above was found m 
the extracts of healthy leaves 

Table 2 summarizes the mam TLC, GC and mass 
spectral data on the fungItoxIc terpenolds as found by us 
m TMV-maculated tobacco leaves Of these, oxyglutmo- 
sone and 3-hydroxylublmm have not been isolated before 
from tobacco, eplrlshltm and rlshltm have only been 
reported for tobacco callus tissues [9] Remarkably and as 
distinct from other reports (cf Table 1) we have never 
observed the presence of phytuberm nor of phytuberol 

EXPERIMEUTAL 

Tobacco plants (iv tabacum cv Samsun NN) were grown m the 
greenhouse at 22 Cd 6 8 weeks after sowmg. when 3 4 leaves 

were fully expanded, three of these uere maculated with TMV 
strain WU-1 (courtesy Dr L C \dn Loon. Department of Plant 

Physiology, Agricultural Umverslty. Wagenmgen) At Intervals 
from 1 to 13 days after moculatlon. leaves were harvested and 

extracted m 40”‘,, aq EtOH ( x 2) for 2 hr These extracts were 

taken to dryness and the residues dlasolvcd m 60”,, aq MeOH 

The 60”,, MeOH solns were shaken ( x 3) with equal vols of 

CHCI,, the combmed CHCI, extracts were taken to dryness and 

Table 2 Fungttoxlc terpenolds m TMV-maculated tobacco leaves 

Compound 

Reference for 

RI-value* Retention Index+ mass spectral data 
-__ 

Glutmosone 082 2425 3-Hydroxysolavetlvone 082 2524 

Solavettvone 082 2425 
Oxyglutmosone 037 2788 

4,8,13-Duvatrlene-1,3-dlo1$ 030 2862 
Epmshltm 028 2459 

Rlshltm 028 2495 

Cdpsldlol 020 2618 
3-Hydroxylublmm 020 Decomp 

;i; 

[lOI 
See text 

PO1 
See text 

See text 

See text 
See text 

-___ 

*TLC SI gel (Merck), CHCI,-MeOH (19 I) 
tOV-225 at 200” 

SAlso present m water-maculated control leaves 
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the residues dissolved m Me,CO. Ahquots correspondmg to 4 3 g 

(fr wt ) of leaves were exammed for the presence of fungItoxIc 
compounds using a TLC bioassay [16] on TLC Al sheets 
precoated with SI gel 60 F,,, (Merck), with CHCl,-MeOH (19 1) 

as the solvent system and with CIadospor~um cucumermum as the 
test orgamsm After incubation of the TLC plates for 2 days, the 

bands showing fbngltoxlc activity were scraped offand the SI gel 

was then extracted with Me,CO If necessary, purification was 

achieved by a second TLC separation 

H,O-inoculated control leaves were extracted smularly, how- 

ever, the samples assayed for fungItoxic activity corresponded to 

8 g (fr wt) of leaves 

The extracts of the TLC bands were analysed by GC and 

GC/MS An OV-225 column (3 “/, phase on Chromosorb-WHP 

10&120, column dimensions 1.5 m x 2mm dlam ) was used 

either Isothermally at 200” (GC) or m a programmed mode from 
160” to 200” (GC/MS) The MS were taken with a VG MM 7(X70 

F mass spectrometer usmg electron impact lomzatlon (70 eV, Ion 
source temp 200”) Accurate masses were measured with an AEI 

MS-902 mass spectrometer by means of peak matchmg 

MS oxyglutmosone m/z (rel mt ). 236 [Ml+ (5), 218 (11), 200 

(5), 178 (loo), 135 (36), 121 (41), 110(26), 107(17),69 (20),68 (32) 
The spectrum was m excellent agreement with the spectrum 

obtained by Mural et a[ [personal commumcatlon] 
MS rlshltm m/z (rel mt ) 222 CM] T (l(r), 204 (52), 189 (15), 188 

(7), 161 (69), 143 (lOO), 119 (77), 105 (67), 91 (70), 41 (61) The 

spectrum of eplrlshltm was almost the same, except for the much 

reduced mtenslties of m/z 222 [M]’ (2) and 204 [M - H,O]+ (9). 

MScapsldlofm/z (ref mt.) 236[Mj’ (3), 22r (JY), 2r6(6r), XII 
(43), 200 (29), 157 (77), 143 (80), 107 (83), 105 (91), 93 (100),91 (87), 

41 (97) and for 3-hydroxyfublmm 252 [Mj’ (6). 234 (l3), 2tJ9 

(14), 165 (40), 163 (34), 136 (72), 135 (67), 107 (78),93 (80),41 (100) 
The full spectra were m good agreement with spectra obtamed by 

Stoessl et al [personal commumcatlon] 

Ac.4now!&e.me~&We are mdebted to Dr C .A Lank 

(Agricultural Umverslty, Wagemngen, (The Netherlands)) for 
takmg the accurate mass measurements, and to Dr A Mural 

(Hokkmdo Umverslty, Sapporo (Japan)) and Dr A Stoessl 
(Agriculture Canada, Research Institute, London, Ontario 

(Canada)) for provichng mass spectra of various sesqtuterpenold 

phytoalexms 
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