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Ahtnct~psidiol was elicited in suspended callus cultures of Copsiwn annum in response to comwrcial cellulasc 
(ex Trkhodemw ciride), or pectinase (ex Aspergillus niger), or a stcrik extract from Glioclodium deliquescens. Amounts 
of capsidiol up to 29 mg per 100 ml of culture were accumulated in response to the G. deliquescens extract. Capsidiol 
was the preponderant phytoalcxin produced in the cultures: minor congeners were present at levels below 0.1 S< of the 
amounts of capsidiol. 

IXTRODl_XTlON 

The utility of tissue cultures in the study of phytoalexin 
formation is beginning to be exploited on a wider scale. 
Their uses in this respect and in the study of other 
problems in host-pathogen interactions have been rc- 
cently reviewed [l]. Extensive work carried OUI on the 
formation of Ravonoid stress metabolitcs in cultures of 
Petroselinum hotense [2,3], and of isoflavonoid 
phytoalexins in cultures of P/uaseoluc uulgaris [4, S] and 
Glycine mux [6] has provided cvidencc of the changes in 
enzyme activities and mRNA levels associated with the 
induction of phytoakxin biosynthesis. Cultures of 
Trijolium repem [7] and Medicago suti1;4 [8] have also 
bun found to prcducc isoflavonoid phytoakxins in 
response to fungal inoculation. 

used to induce stress mctaMite/phytoakxin formation in 
tissue cultures. These include ultraviokt light [2, I8 , 
fungal cxtrects [46, 19-231 and SH reagents [24 . 3 
Recently, detailed investigations have been made of the 
induction of bmcthoxymelkin formation in carrot 
cultures using as elicitors either pectolytic enzymes or 
pectolytic digests of the culture cell walls [25-271. A 
recent review covers certain aspects of the use of tissue 
cultures in phytoakxin studies as well as more general 
details of the phytoalcxin response [28]. 

We now report the elicitation of capsidiol formation in 
cultures of Copsiwm annuum in response to a number of 
elicitors which we previously used in a study of the whok 
fruits [29]. 

No detaikd studies have been carried out on the 
enzymology of scsquiterpenoid phytoalcxin production. 
Among tissue cultures that have been found to produce 
scsquitcrpcnoid phytoalexins are the following: callus 
cultures of Ipomc~cr bctotus. which produce furano- 
tcrpcnes spontaneously on transfer to suspension culture 
[9]; Gossypium hirsurum suspension cultures, which 
produce hcmigossypol in response lo spores of 
Verricillium dahhe [IO]; Nicorianc tabocum callus 
cultures, which form phytubcrin and phytubcrd in 
response to Pseudomonas bacteria [I I, 121 and rishitin, 
epirishitin. capsidiol and a vicinal diol (presumed to be 
debneyol) in response IO P hyrophrhoru pararirico [ 13,14]; 
Nicoriana t&cum suspension cul~urcs, which produce 
phytubcrin, phytubcrol, capsidiol and dcbncyol in 
response IO cellulase (ex Trichoderma uiride) [IS]; and 
suspension cultures ofSolonum ruberosum, which produce 
rishitin. lubimin and solavetivone in response to 
Phpophthwo injcslrxns [ 16. 173. In addition to the 
elicitors already cited a number of other agents have been 
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Capsidiol was not detectal in extracts of the combined 
tissue and medium from untreated cultures by a 
procedure that would have detected Spg/lOOml of 
culture. The results are expressed in terms of mg of 
capsidiol per 100 ml of culture since the suspended callus 
cultures did not follow a uniform growth curve; 2-w&- 
old cultures were used in elicitation experiments. 
Suspended callus cultures were found to produce 1-4 
times more capsidiol than was formed in cell suspension 
cultures. This was presumably because of the greater 
degree of alJ~ll cont8c1 within the larger awtcs 
present in the suspended callus cultures. Aggregation in 
all cultures has ban shown to promote secondary 
product formation [30]. 

*Pan 3 in the series ‘Eliciu~ion of Tcrpcnoid Stress 
MetabAita”. For Pad 2 see ref. [ 151. 

t Ptmu address corrapondenoe to ttus author. 

Treatment of the cultures with crude ceRuhsc 
(ex T. uiride) (Figs I and 2) caused apsidiol xxutmthtion 
after a lq of co 8 hr, capsidiol aozumuk~ai most rapidly 
between I2 ami Mhr. The higher concentration of 
capsidiol in the medium than in the tissue, shown here, 
was consistently observed. The capsidiol concentration in 
the cultures resched a plateau and showed littk sign of 
dadining during prolonged incubation: capsidiol ad&d to 
untreated Cfzpsicum cultures (5 mg per Rask) was not 
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Fig. I. The coune of apsidiol ammulatbn in Capsiam 

cultures in response to crude czllulase cx Trirhohma riride. 0. 
Gpsidiol concentratioa in culture medium; l . capsidiol con- 
antration in tissue. Data points and standard deviations are 
based on exttacts from five separate tbsks of 2-week& culture 

(esch IO0 ml) treatal with allulasc at IO W/ml. 
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FIN. 2 Lbse response of Copvumcultura to crude cellulase ex 
f&W Mde. 0. Gpsidiol conccntntion in culture 
medium; l , cspsidiol conantration In tissue. Data pomts and 
standard deMItlons arc bed on extracts from three sets of five 
haxks of 2-week-old culture (each 100 ml) treated wcth allulase 

for 48 hr. 

appreciably mctabolizcd in the course of 5 days, and the 
prcscncc of capsidiol oauscd no apparent harm IO the 
cultum during this period. This was in contrast to the 
findings in Solonrun tubrtoswn [Thrclfall, D. R. and 
Brindk, P. A. personal communication] and Dionthus 
caryophyl/us [ 191 all cultures where the kvek of 
phytoakxins declined markedly with prolonged incub 
alion. Caps&m cultures were responsive lo ccl)ulasc 
concentrations as low as 0.5 &ml, and high kvck of 
allulasc (300 Ctg/ml), which lyscd a large number of cclk 
in the culture, did not greatly ksscn the amounts of 
capsidiol accumulated. The elicitor activity of crude 
alluksc l x T. virrde could bc only partly destroyed by 
boiling or by treatment with trifluoroacctic acid. 
Commercial allukscs from Aspergillus niger and 
Pcnicillium /uniculosum did not have elicitor activity, so 
the nature of the active components in the T. viride 
preparation merits further examination 

Treatment of C. onnuum cultures with a sterile extract 

from Glioclodium dcliquescem caused capsidiol accumu- 
lation aftcra lag phase ofco 8 hr: as indicated in Figs 3and 
4. the rate of accumulation was greatest between 16 and 
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Fig. 3. Tune course of capadiol uzzumulstm m response to a 

sterik extrazt from Glidadium deItqmcms. 0, Gpsidiol con- 
antnuon in cuhure medium; l . cxpsidiol amccntration in 
tissue. Data potnts and standard denat~ons are M on extracts 
from five separate Rasks of 2-week-old culture (each lOOmI) 

treated with G. &lquewens extrxt at 100 rg~rnl. 

36 hr. After 36 hr. both the rate and the extent ofcapsidiol 
production (up IO 2.9mg per 100ml of culture) were 
higher than in the ccllulasc-treated cultures. possibly 
rcflccting a higher degra of ctll lysis in the latter system. 
The cultures rcspondcd to G. deliquescens extract at 
concentrations as low as IO j@ml. The apparent two 
maxima in the dose-response curve (Fig. 4) represent 
data from only three replicate cxpcriments. and need 
verification. A similar pattern of response has been 
rcportcd for the induction, by fungal extracts, of phcnyl- 
alaninc ammonia-lyasc activity in Pkarpolus oufgoris, 
although this was not rcflcctcd in the amounts of tsoflavo- 
noids that wcrc accumulated [4,23]. 

The Capsicum cultures responded more weakly to 
pcctinasc (tx A. night) as an elicitor (Fig. 5). The amounts 
of capsidiol accumulated wcrc no more than 0.3 mg per 
IO0 ml of culture. At pcctinasc conocntrations above 
40 ~g/ml. the tissue was rapidly maccratcd. while only a 
little capsidiol was produced; and below I5 pg./ml. neither 
tissue damage nor capsidiol formation was obscrvcd. 
Tbcrc is accordingly a narrow range of concentrations at 
which elicitation by pcctinasc predominates over cell 
destruction. Related observations have been made in 
cap&urn fruits: pcctinasc was a powerful elicitor of 
capsidiol in unripe fruits [29], but in ripe fruits it kd to 
rapid maceration of tissue. and to much lower yields of 
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Fig 4. Dose raponsc of Capuum cultures to a srailc CXIWX 
from Glioclnd~um deliqucwens. 0. Capsidiol concentration in 

culture medium; l . capsidn3l conanlratiuit in Iissue. Data 

potnts and standard deviations arc based on extracts from three 
sets of five 8asks of 2-week-old culture (each IM) ml) treated mth 

G. drlquesrens extract for 48 hr. 

Fig 5. &XC response ofCapruw cultures to crude pectinase cx 
AsprrgiUw niger. 0. Cqstdtol concentration tn culture medium; 
l . capsidiol concentration in 11ssur. Data pornts and standard 
devtations are &cd on extracts from three sets of 6ve &asks of 2- 
week-old cuhure (each 100 ml) trcatd with pectinasc for *8 hr. 

capsidiol. Kurosaki et 01. [25. 27) have studied the 
elicitation of 6mcthoxymcllcin in carrot cultures by 
pcctinasc from Aspergillllr joponicus. The pcctinasc was 
found to release elicitor activity from the ccl1 walls of the 

cultured cells: such tiivity was ascribed to pcctic 
fragnknts by analogy with other systems [12,31]. The 
dcgra of mcthylation of the poetic fragments appeared to 
bc important in relation to clidtor activity. 

Acid hydrolysatcs of the all wall polysmxhardcs from 
Cqx&um fruits and cultures were found to have weak 
elicitor activity in the cap&cum cultures. A more 
consistent rckasc of this type of elicitor material was 
obtaina! by hydrolysis of citrus pectin. It has been 
previously shown that a dodccagalacturonic acid obtained 
from citrus pectin was an elicitor of phytoakxin 
accumulation in soybean [32]. The nature of the 
constituent of hydrolyscd citrus pbctin that elicits 
capsidiol accumulation is being further investigated. 

The de notm synthesis of capsidiol in Copsicum cultures 
was established by addition of sodium [2-“Cktate to 
the cultures I2 hr after treatment with G. deliquescens 
extracts. About IO”, of the addai radioactivity was 
rccovcrablc in organic extracts of the combined tissue and 
culture medium. Analysis by GC-RC indicated a maximal 
incorporation into capsidiol of co 6 02 95 “/. of the lab&d 
capsidiol was cxtractabk from the culture medium. GC- 
RC and TLC-RC analysis indicated that capsidiol was the 
only signiticantly lab&d component prcscnt in extracts 
from the medium; small amounts of other lab&d 
materials were present in the extract from the tissue. 

The minor congcncrs of capsidiol which arc present in 
extracts from elicitor-treated fruits [33-351 were present 
at kvcls <O.l”, of the amount of capsidiol extractable 
from the mafia and tissue cultures. In the fruits, five 
principal minor congcncrs occurred in amounts up to 8 Y0 
of the capsidiol extracted from the flesh and ditfusatcs 
[35]. Analysis of the minor congcncrs from the tissue 
cultures by GLC and GC-MS rcvcalcd at least eleven 
scsquitcrpcnoids with R, valua in the range 165&1750 
(CP Sil SCB, 125”). The predominant molecular ions were 
216. 218 and 222; in the whole fruits, the two principal 
minor components arc the monohydroxy compounds l- 

dcoxycapsidiol and capsidcsmol which have mokcufar 
ions at 220 [35]. The differences in response between the 
fruits and tissue cultures may bc in part accounted for by 
the differences in the nature of the tissue subjectal to 
elicitor action. 

EXPERIMENTAL 

PI4znI flssuc cultures. Capshm Mnuum I_ cuhrcs were 

initiated from slices of the fruits, and had been in culture for IWO 

years Wore cOmmerKxmenl of this study. The cullurcS were 

marntaincd on Murashigc and SLroog’s (MIS) medium [Ml. with 

kinclin (0.1 mg/l.) and IM (I me/l.) as growth hormones. 
Suspended callus cultures were produced by transferring pieces 
of alhts (co I g) to agitated lx@ medium and allowing them to 
grow for Iwo weeks before treatment with elicitors was Initiated. 

Elicitor materials were added in soln (I ml) via a 0.2 qt 

Microflow 25 filter (Flow lAoralories. Irvmc) Aftaapproprirte 

periods of incubation. growth maliurn and tissue were extr~ied 

separately with EtOAc and the extrrts were dried over Nas!W, 
and coned IO 3 ml for analysis by GLC. 

Cell uprns~on rulturcs were atabhshed by transfer of callus 
pieca IO Ml3 modtum containing 24dichlorophenoxyacetic 
acid (0.5 tng/I) as the only growth hormone. The cell suspension 

cuhurcs were subcultural every three weeks by transfer of 

inocula (2O ml) to frcsb mcdla. 

Glialodirrm ddiquesrens IMI 1015 I5 was grown and extractal 

as duuibai earlier [29]. 
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Mat&&. Solvutts were AnalaR cdlulaae (0.02 units/mg IX 
Tri&dema bide) was from BDH, poet&ass (8 unitslmg, cc 
Asprrgiflw niger) from w citrus pectin from Sigruu S0dium 
[2-‘4C]acctate (714 &/rng) was from Am&tam Intcrnationd 
Pk. Lip&x 5OC0 from Packard Instruments Ltd. 

Mnti of dyti. Extracts from cuhurcs were analysul 
without puri6catson using packa!cohuun GC as described 
carbrr [29]. The identity of apaidioi was cxm&med by apiRary 
GC. using a 25 m x0.32 mm id. fused silica WCOT SE-W 
column (FJDk He arrkr gas 3 ml/nun: cap&lid di-TMSi ether, 
R, 1915 (135”kdi-TBDMSethcr. R,2401 (l7Vkdcrintivcs were 
made as described artier [ I5 1. GC/MS ofcapsidroi and its minor 
conpncrs WPI carried out using an LKB 9ooo instrument as 
descrtbcd previously [ 151. GC-RC and TLC-RC MC also 
catrkd out as before [ 151. Total radioactivity m extracts was 
mepcurad by scintillation counting; the fluor cnntaincd 4 g PPO 
and 0.2 8 dunethyl PGPGP per litrc of ~ducnc. 

Cduum /quid ch?aMtogruphy. A Lipidat X8X3 cohunn (I5 
x 2.San) was ULad to c@t a group separation of the atinor 

congcncrs of mpsidiol present in a combined cxtflct from the 
tissue culture tuaintrtt and tissue after elicitation. The column 
was clutcd with cydo&xanc-.EtOAc (19: 5) and IS ml Bactions 
were colkctcd: the minor atnpnm, found in ftactions 4 and 5, 
w~~by~~~~neaD~l~1~~ 
from 90” at 2’/min. 

Release ofclicim ariuiryfian citrus ptrfk. Portions (0.5 0) of 
citrus patin were suspc&d in 50 ml of TFA and hatud at 85” 
for 5.5 hr. The insnhtbk residue was filtered oB, and tbc TFA 
removed by rotary evaporation under mi. prr*; tbr ruuhtn8 
paste was rcsuqndcd in M&H several t- tbr McGH king 
evaporated under rai. prcs. after each addition. The ra&c was 
dtssolved in 0.2 M K-Pi buffer (pH 7.0: 2.0 ml for each 
hydrolysate from 0.5 g of paztin) and the soln was 8ltcrcd 
through a W&man GF/F Bltcr paper. I ad portinns of the 
filtrate were added to 20 ml ahquots from 2.wakold suspended 
callus cultures. The culture nxdia were cxtractal after 48 hr and 
analysed for capsidid. 

A&sowI&emrnts-Professor K. H. Gvcrton very kindly pr(~ 
vidcd the facilities of the Plant Tissue Culture Unit and 
encouqcd the partrapation of I.M.F. in the prom. Mn M. Tait 
and staff (Dupartwntal Mycology Unit) provided the fungal 
extra&and Dr W. J.Colccarricdout GC/MSanalysu. Aprojsct 
grant from the SERC is gratefully acknowkxigad. 

REFXRENCRS 

I. He&son, 1. P. (cd.) (1983) use o/ 7ii Cvlfurr and 
Proroplixsts in Plant Pahoiogy p. 9. tianic Prtsa, Sydney. 

2. Hahlbrcck. K, mb. C. J, Purwin, C, Ebcl, J, Fauct E. and 
&h&r* E ( 1981) Pkvu PhysioL 67.768. 

3. Kreuzakr, F., w H, Fautr. E., Kuhn. D. H. and 
Halt&o& K. (1984) hoe. Nati. Acod. Sri. USA. bl.1102. 

4. LDwton, M. A.. Dixon, R. A, Hahlhrock. K. and bb. C. 
(1983) Ew. J. Biochrwt 129. 593. 

5. Lawton M. A., Dixon, R. A, HahRxosk, K. and Luob, C. I. 
(1983) Eur. f. B&rhcm 138, 131. 

6. EaLJ,schmidsW.Erad~R(l98))A~~B~ 
Biop+s. 23% 240. 

7. Gustine, D. L and Moyer, B. G. (1982) P&m Cell Tbs. Org. 
Cuk 1, 255. 

8. I&ttndc-D&a, A. 0. and Lucas, J. A. (198s) Physiol. Pkw 

PaholY 31. 
9. 6ba. K. and Uritani, 1. (1979) P&ant CeU Physid. 2@, 819. 

IO. Hcinstcin, P. ( 1980) P&m Physiol. SuppL 65. l bstrast tw. 588. 
I I. Fujimori, T.. Tanaka, H. and Kate, K. (1983) Phyrochemistry 

22, 1038. 
12 Tanaka, H. and Fujimori, T. (1985) PhyzocWry 24 I 193. 
13. Buddc, A. D. and Hdpson, 1. P. (1981) Phym~~y 71. 

206. 
14. Buddc, A. D. and He&on. 1. P. (1981) Phyloporholqy 71, 

864. 
IS. Watson, D. G, Rycroft, D. S, Freer, I. M. and Bronkr 

C. 1. M. (1985) Phytorhetrustry 24.2195. 
16. Brindk. P. A.. Kuhn. P. J. and Thrdfall, D. R. (1983) 

Phyrochrmistry 22, 2719. 
17. Brindk, P. A. and Thr&aU. D. R. ( 1983) Btochem Sot. Truns. 

11. 516. 
18. M6hk. B, Helkr, W. and Welhnann. E (1985) Phyro- 

chewwry u, 463. 
19. Gay, L (1985) Physiol. Plant Parhoi. 24, 143. 
20. Titjcn. K. G. and Matem, U. (1984) ArcA Bbchenu Biophys. 

229,136. 
21. Tiitjcn, K. G, Hunkkr, D. and Matetn, U. (1983) Eut. f. 

8iochrm 131.401. 
22 Woltm B. and Eikrt. U. (1982) 2. Narwforsch. 3%. 575. 
23. Dixon, R. A. and Dunb. C. J. (1979) Biorhim Biophys. Arro 

ur, 453. 
24. Gustine, D. L (1983) Plant Phydd. 68, 1323. 
25. Kurosaki. F. and Nishi A. (1984) Physiol. P&m Pothot. 24. 

169. 
26. Kurosaki, F.. Matsui, K. and Nishi A. (1984) Physiol. P&m 

Paahol. 25.3 13. 
27. Kurosaki. F, Tsurusawa. Y. and Ntshi. A. (1985) PhytcF 

&emutry u. 1479. 
28. Dixon. R. A.. Dry. P. M. and tib, C. J. (1983) Adu. Entyml. 

H. I. 
29. Watson. D. G. and Brooks, C. 1. W. (1984) Physiol. Pkw 

Palhol. 24.331. 
30. Lindsey, K. and Yeoman. M. M. (1984) Plunto 162 495. 
31. Jin. D. F. and West. C. A. (1984) PIant Pftystof. 74,989. 
32 Nothnagei, E A.. McNeil. M, Albershrirn. P. and Dell. A. 

(1983) P&m Physid. 71,916. 
33. Adikaram. N. K. B.. Brown, A. E. and Swinbumc, T. R. (1982) 

Phystol. Pkmr Pa&l. 21, 161. 
34. Watson, D. G., Baker. F. C. and Brooks. C. J. W. (1983) 

Rroclvm Sa. Trans. 11, 589. 
35. Watson. D. G.. Brrxrks. C. J W. and Rycroft, D. S. (1986) (in 

preparation for Phytofhmislry). 
36. Murashige. T. and Skoog. F. (1962) Physwl. P&u. 15,473. 


