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Abstract-Kievitone, a phytoalexin of cowpea, increases following treatment of hypocotyls with &Cl,, 
actinomycin D, cycloheximide or UV-irradiation. Cellular browning accompanies this increase. Kievi- 
tone production is restricted to the regions containing necrotic cells, whereas phenylalanine ammonia- 
lyase (PAL) activity increases throughout the hypocotyl. Kievitone biosynthesis is unlikely to be regu- 
lated by control of PAL activity. 

INTRODUCTION 

Following fungal and viral inoculation, cowpea 
(vigna sinensis Endl.) produces several phyto- 
alexins, including the isoflavanoids kievitone, pha- 
seollin and phaseollidin [l, 23. In other legumes 
phytoalexin biosynthesis has been induced by 
abiotic treatments [3-93, and it has been proposed 
that phytoalexin production depends on de novo 

formation of messenger RNA, following activation 
of specific host genes, including that for phenyl- 
alanine ammonia-lyase (PAL) [ 10, 111. However, 
other workers have failed to find an increase in 
mRNA synthesis following treatment with com- 
pounds which induce phytoalexin synthesis in 
pea [ 12,131 and bean [ 141. Like other isofla- 
vanoid phytoalexins [15-l 71, kievitone appears to 
be synthesized via the shikimic acid pathway, since 
L-phenylalanine [U- 14C] is incorporated into kie- 
vitone in cowpea leaves following fungal inocula- 
tion (Munn, unpublished results). The relationship 
in cowpea between changes in PAL activity and 
production of the phytoalexin kievitone is de- 
scribed here. 

RESULTS 

Following topical application of CuCl,, actino- 
mycin D, or cycloheximide solutions of various 
concentrations to their upper surface, excised etio- 

lated hypocotyls were incubated before being split 
longitudinally to separate the upper half (part 
bearing lesions) from the lower half. Measure- 
ments of PAL activity and kievitone concentration 
in each part of the hypocotyl were made after 24- 
and48 hrincubationrespectivelysincewhilechanges 
in PAL activity were readily detectable within 
24 hr, changes in kievitone concentration could 
not be detected consistently until after 48 hr incu- 
bation. 

Following application of CuCl, (Table l), kievi- 
tone was detected in both upper and lower halves, 
reaching a maximum concentration in the upper 
half with 1.7 mg/ml CuCl,. With 5.1 mg/ml, the 
kievitone content declined in the upper, but in- 
creased in the lower half of the hypocotyl. PAL 
activity in both halves of the hypocotyl increased 
with CuClz concentration up to 1.7 mg/ml. How- 
ever 5.1 mg/ml CuCI, induced a marked increase 
in the upper half, but not in the lower half (Table 

1). 
After actinomycin D treatment (Table l), kievi- 

tone was detected only in the upper half of the 
hypocotyl and reached a maximum concentration 
with lOpg/ml actinomycin D. Higher con- 
centrations of the antibiotic reduced kievitone syn- 
thesis. PAL activity increased following treatment 
with concentrations of actinomycin D up to 
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Table I. PAL activity and kievitone concentration in cowpea hypocotyls treated with CuC12. actinomycm D. or cycloheximide. 

Compound 
Concentration 

(pgimf) 

Kievitone Concentrationt 
PAL activity* (/rg:‘g dry wt) 

tipper: Lower Upper Lower 

Water (control) 
CuCl, 

Actinomycin D 

Cycloheximide 

1.7 
17 

1700 
5100 

0.1 
I.0 

10 
20 
50 

0.1 
1 

10 
100 
500 

6.3 + 0.2 6.3 i 0.2 0 0 
8.4 * 0.3 7.X * 0.3 160 0 

12.0 + 0.2 9.3 I 0.6 74.0 0 
13.8 + 0.3 12.5 & 0.5 I x3a ‘0~0 
24.6 * 0.x 1 1.7 + 0.3 IO04 74.0 
I I.6 i: 0.2 11.0 + 0.2 15.5 0 
II.7 i. @7 1 I.2 + 0.2 24.0 0 
12.7 + 0.4 114 + 0.3 8 1 .o 0 
Il.3 & 0.1 9.6 & 0.5 15.5 0 
7.8 + 0 5.4 * 0.2 IS-5 0 
4.8 * 0.1 4.3 * 0.1 0 0 
6.0 k 0.6 4.9 i_ 0.2 0 n 

5.2 k 0 4.1 * 0.3 20.0 0 
8.5 5 0.2 5.3 & 0.1 59.0 0 
9.1 5 0.5 7.2 + 0.X 0 0 

* Conversion ofl-phenylalanine [ring-4-aH] to cinnamic acid [ring-4-3H]. dpm/hr/mg protein x IO”. assayed 24 hr after treat- 

ment (mean of four determinations + se.). 
t Assayed 48 hr after treatment (mean of two determinations). 
$ Hypocotyls were split longitudinally to separate the upper and lower halves. 

10 ,ug/ml, and activity in the upper and lower 
halves was similar (Fig. 1, Table 1). 

At low concentrations of cycloheximide, Ol- 
10 ,ug/ml, PAL activity was lower than in the con- 
trols, and only slight increases were observed with 
0.1 and 0.5 mg/ml. In contrast, kievitone, which as 

with most other treatments was only detected in 
the upper half, was present following treatment 
with both 10 and 100 pg/ml cycloheximide. With 
10 pg/ml cycloheximide, a level which causes kievi- 
tone production, the PAL activity in the hypoco- 
tyls had not increased. The level of activity after 24 

InCUbotlon time. hr 

Fig. 1. PAL activity in cowpea hypocotyls treated with actinomycin D (I 0 &ml). CuCI, (1.7 mg/mi) or cyclo- 
heximide (0.1 mg/ml). PAL activity (conversion of L-phenylalanine [ring-4-jH] to cinnamic acid [ring-4-3H] was 
assayed tS48 hr after treatment (mean of four determinations + se.). Hypocotyls were split longitudinally to 

separate the upper (0) and lower (A) halves. 
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Table 2. Kievitone concentrations in the upper and lower 
halves of etiolated hypocotyls at various times after topical ap- 

plication of chemicals (dam arc the mean of two results) 

Treatment 

Water 

CuCl, (1.7 mg/ml) 

Actinomycin D 

( 10 pg/ml) 
Cycloheximide 

(100 pgsiml) 

Kievitone 
concentration 

Part of (Mg dry wt.) 
hypocotyl 0 hr 12 hr 24 hr 48 hr 72 hr 

Upper 0 0 0 0 0 
Lower 0 0 0 0 0 

Upper 0 10 70 180 170 
Lower 0 0 0 20 50 
Upper 0 0 22 83 60 
Lower 0 0 0 0 0 
Upper 0 0 20 60 50 
Lower 0 0 0 0 0 

and 48 hr was similar (5200 f 0 and 
4500 f 200 dpm/hr/mg protein, respectively) and 
at both times these PAL levels are lower than 
those of the corresponding H,O-treated controls 
(6300 k 200 and 6400 & 200 dpm/hr/mg protein). 

All treatments produced cellular browning un- 
der the drops, and peaks in kievitone con- 
centration corresponded with the most intense 
browning. High concentrations of CuCl, induced 
browning throughout the hypocotyl. 

Kievitone concentration and PAL activity were 
also measured at various times following treat- 
ment with CuCl,, actinomycin D, or cycloheximide 
at the concentration inducing the highest produc- 
tion of kievitone (Table 2). Following CuCl, treat- 
ment (1.7 mg/ml), kievitone was detected in the 
upper half of the hypocotyl at 12 hr, increasing to 
a maximum concentration at 48 hr, whereas in the 
lower half none was detected until after 48 hr. Fol- 
lowing treatment with actinomycin D (lOpg/ml) 
or cycloheximide (100 pg/ml), maximum produc- 
tion of kievitone also occurred after 48 hr but was 
restricted to the upper half. H,O-treated controls 
accumulated no kievitone. There was no signifi- 
cant change in PAL activity in control hypocotyls 
from O-48 hr, whereas CuCl,-treated tissue had 
more than twice the activity of control tissue at 
48 hr, the greatest increase occurring between 12 
and 24 hr (Fig. la). Actinomycin D (Fig. lb) gave 
similar results to CuClz treatment, but cyclohexi- 
mide (Fig. I b) induced only a small steady increase 
in PAL activity up to 48 hr. In all cases activities 
in the lower half were less after the shorter incuba- 

tion times, but by 48 hr there was no difference in 
the PAL activity of the two parts of the hypocotyl. 

Kievitone concentration and PAL activity in- 
creased in whole etiolated hypocotyls irradiated 
with UV light at 254 nm after irradiation times as 
short as 2.5 min (Fig. 2). Maximum kievitone ac- 
cumulation occurred following 30 min irradiation, 
whereas maximum PAL activity was found with 
40 min irradiation. Increases in kievitone were par- 
alleled by increases in cellular browning, which 
varied from small flecks at 2.5 min to extensive 
brown patches at 30min. After longer periods of 
irradiation, hypocotyls showed deformation and 
loss of turgidity, but no surface browning. 

DISCUSSION 

The results show that kievitone can be induced 
in cowpea by abiotic treatments and there is a 
close association between its accumulation and 
cellular browning. Phytoalexins can also be in- 
duced in cowpea by mechanical wounding [ 1] and 
this is in agreement with the hypothesis that phy- 
toalexins accumulate in response to general meta- 
bolic changes accompanying or following cell 

Time irradiated, min 

Fig. 2. PAL activity and kievitone concentration in cowpea 
hypocotyls following UV-irradiation. PAL activity (conversion 

of L-phenylalanine [ring-4-3H] to cinnamic acid [ring-4-3H]) 
was assayed 24 hr after irradiation for tMOmin at 254nm 
(mean of four determinations f se.) (---). Kievitone (----) 
was measured 48 hr after irradiation (mean of two 

determinations). 



damage or death [IX, 191. If PAL is involved in 

regulating kievitone biosynthesis then changes in 
PAL activity would be expected to precede 
changes in kievitone concentration. Chemical 
treatments induced increases in PAL activity after 
12 hr whereas only in CuC12-treated hypocotyls 
was kievitonc detected at this time. Measurements 
of PAL activity were not made beyond 4X hr in 
these studies and it is unclear whether the activity 
drops after this time. There is also a spatial separ- 
ation of PAL activity and kievitone synthesis since. 

except with C’uCl,. kievitone is rcstrlctcd to the 
upper half of the hypocotyl (containing the necro- 

tic cells) whereas increased PAL activity is not. 
IHowever lvith higher concentrations of C‘uCl, or 
longer incubation times. both browning and kic- 
vitone were detected in both parts indicating 
transport of 01” / through the tissue in amounts 
sutticient to induce browning and kievitone syn- 
thesis as well as increased PAL activity. Rath- 
me11 [lO] also observed a spatial and temporal 
separation of phaseollin biosynthesis and PAL 
activity in infected bean. suggesting that phqtoa- 
lexin synthesis may bc restricted to the necrotic 
cells Lvhercas increased PAL activity (which may 
depend on new protein synthesis 171) can occur 
outside the necrotic area. 

Cycloheximide causes increased PAL activity 
(derived from a pool of inactive enzyme) in etio- 
lated seedlings of gherkin [?I] but inhibits the ac- 
cumulation of the enzyme in light-treated potato 
tuber disks [22] and other systems [X,24]. This 
compound has also been reported to prevent 
browning [ZZ]. In cowpca, only a slight increase 
was observed following cyclohzximidc treatment 
(100 /@ml) and kievitone synthesis \vas enhanced 
even at a concentration of cycloheximide ( 10 pgl 
ml) which reduced PAL activity below that of the 
control. It is therefore possible that basal levels of 
PAL are sufficient to allow kievitone synthesis. 
although further studies of cycloheximide treat- 
ment in conjunction with other treatments are 
necessary to confirm this. The control of PAL acti- 
vity is clearly a complex mechanism [l 1. 251. and 
changes in its activity may not reflect other events 
occurring during phytoalexin induction. Since 
PAL is involved in numerous biosynthetic path- 
ways, it is unlikely that regulation of its activity is 
important in the control of phytoalcxin produc- 
tion [Xl. Control of isoflavanoid biosynthesis 

may depend on the regulation of activity of 
enzymes occurring later in the pathway. 

Phytoalexin synthesis is induced by UV-irradia- 

tion not only in cowpea. but also in other legumes. 
where it may [Y] or may not [6] be accompanied 
by browning. It has been proposed that induction 
occurs as a consequence of gene activation 
through pyrimidine dimer formation [6] although 
there is no cbidence that this ivould lead to direct 
activation of the specific genes. Our results show 
that kievitone induction in colvpea is always 
accompanied hq cellular browning and necrosis. 

suggesting that this phytoalexin is induced by UV- 
irradiation and other treatments as a result of pro- 
ccsscs accompanying cellular damage or death. 
Whether or not protein and RNA synthesis arc 
necessary for induction remains unclear. 

Cultictrtiou crrd rr’c~~tm~~~f ofpla/~ta. Etiolated hypocotyls were 
excised from seed grown in the darh for 6 daqs at 25 , SO”. RH. 
in a growth chamber and placed hnrironlallq on glass rods in 
shallow plastic boxes lined u ith \\st paper- tissue. Solns of 
CbClz. actinomvcin D or cqcloheximidc wcrc spotted on the 
upper surface 0; each hypocotyl I IO Y 3 /II drops per hypoco- 
141). After incubation (2.’ IOO”,, RH. in dark) h!pocotlls acre 
split along their long axis to xparato the upper hnlf(part hear- 
ing Ics~ons) from the loach- half pi-i01- to ;rssaq. For c\pts on 
the rlfcct of I’V. uncxciscd seedlings vcrc irradiated on both 
sides ( IO cm from C‘nma p L:ni\ersal Lamp. 254 nm). incubated 
as ahvvc and whole c\-ctssd h~pocot~l~ homogcnlsod prior to 
assay. 

Kwr:iforw usrqs. Tissue 4 as weighed. homogenlscd in 50 ml 
Y5”,, EtOH and filtcrcd through muslm. The residue was reho- 
mogenised 2 x the combined filtrates centrifuged (3000 cl. 
I5 min) and the supernatant reduced 111 IWUO (40 I to C‘CI Ii) ml. 
Hz0 (IO ml) was added and the suspension extracted v,ith 3 x 
50 ml Et,0 after acidllicatlon to pil 2.5. followed bg TLC of 
the cow i.t,O phnsc in CHC‘I, EtOH (20: I). C,.H,.-I.4 
dwu~HOi2; (A. 1: I) and toit~ene~~HCOOI:t H?&H 
(7:?: I) using authentic kie\itonc as marker. Kievitone was 
determined h) A at 293 nm (log t 4.72) [ 191. 

P.-ILtrsw~c. Mc2C0 po\vders [27] ILcre pi-spared bq homo- 
genizing for I min (IO ml g fr. N t. --- 3) I. The homogenates were 
filtered (5 em Teflon). rinsed with an cqual \ol of cold Me,CO 
and dried on the filter in an ;rirstrcam for I5 min. PAL was 
extracted from the poudcr with ice-cold (WI M borate hutrer 
pH X.8 containing 0~01 M mercaptorthanol (SO mg powder 
10 ml). The suspension was kept at 0 for I hr with occasional 
stirring and the extract filtered through glass-tibre paper. Fol 
assay [2X1 I ml of the supcrnatnnt \\a> added to I ml of 2 mM 
I -phenylalanine containing (1.7 [Ki of I -phenylalanine [ring 
3 ‘HI (Radiochctnical C’entre. Amersham. Bucks.). After IIICLI- 
hatmn(35 I hr) I ml W,, TC‘R MBS added. the mwturc centw 
Euged and the wpernatant decanted. C’innamic acid was 
wtracted into 3 ml toluenc and the toluene phase washed with 
3 ml O-5 M HC’I to remove dlssol\cd phcnylalanine. T\vo ml 01 
the upper phase M’X added to Xml scintillation tlutd and 
counted. PI-otcin \+a\ determlncd h! the method of Lowr\i L~f 
rr/. r29j, 
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