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Abstract-Dihydropinosylvin, batatasin IV, demethylbatatasin IV and batatasin III were found in the water yam 
(Dioscorea al&a) which had been inoculated with Botryodiplodiu theobromae or treated with mercuric chloride. 
Following mductlon, transient increases were observed m the first three compounds and this was preceded by a 
transient increase in the activity of phenylalanine ammonia lyase but not tyrosine ammonia lyase activity. In mercuric 
chloride treated tubers an increase in polyphenol oxidase was also observed. The dormancy inducing compounds 
dlhydropinosylvin and batatasin IV were also found to inhibit the germination of seeds of and root elongation in 
young seedlings of Sorghum bicolor. By comparison, demethylbatatasin IV was not inhibitory. 

INTRODUCTION 

The water yam, Dloscorea alata (Dioscoreaceae, Section 
Enantiophyllum) is grown extensively as a food in West 
Africa [l]. In response to Pseudomonas infection, D. 
opposita Thumb. (D. batatas Decne) produces dihydro- 
pinosylvin (1) and D. rotundata Poir. produces 1, bata- 
tasm IV (3) and demethylbatatasin IV (2) as phytoalexins 
[2,3]. These compounds, which may be produced de nouo 
or show increased production on elicitation, together 
with batatasins I-V have been implicated as dormancy 
mducmg compounds in D. opposita [4,3]. Some of these 
dlhydrostllbenes also have plant growth inhibitory prop- 
erties [S, 61. As all of these compounds are phenanthrene 
and stllbene analogues It has been proposed that they are 
products of phenylalanine metabolism, [7, 81. 

In continuation of our studies on fungltoxic com- 
pounds isolated from Dloscorea species, [9], we have 
isolated four dlhydrostilbene phytoalexins from D. alara 
and have studied their rates of accumulation in fungal or 
mercuric chloride (HgCl,) treated yams in relation to the 
activities of phenylalanine ammonia lyase (PAL), tyrosine 
ammonia lyase (TAL) and polyphenol oxidase (PPO). In 
conJunctlon with this study the growth inhibitory proper- 
ties of 1 and 2 have been compared with 3, a known 
inhibitor of plant growth [6]. 

RESULTS AND DISCUSSION 

lsokon of dlhydrostiibenes 

Extraction of D. alata tubers infected with Botryodiplo- 
dia theobromae, with separation and purification accom- 

*Author to whom correspondance should be addressed. 

HO ti R’ 

1 R’= OH, R’ = R3 = H 
2 R’ = OH, Rz = OH, R” = H 

3 R’ = OMe, R* = OH, R3 = H 
4 RI = OMe, R3 = OH, R* = H 

plrshed using the techniques given in Experimental, gave 
five compounds four of which were readily identified as 
dihydropinosylvin (I), demethyl batatasin IV (2), bata- 
tasin IV (3) and batatasin III (4) by comparison of their 
spectral data with those of authentic samples and litera- 
ture values, [2,5,9]. A fifth compound, A,, was obtained 
in an amount too small to allow for structural eluci- 
dation. It gave a blue colour, similar to batatasin I, with 
vanillin in sulphuric acid, but differed in R, value when 
subjected to co-chromatography with batatasin I in 
various solvent systems. 

In contrast to the report of Ireland et al. [lo] we were 
unable to locate batatasin I in D. alata tubers either pnor 
to or subsequent to elicitation with B. theobromae, H&I, 
or sterile water. Control samples of D. alata did not yield 
these dihydrostilbenes. 

Rate of accumulation of dihydrostiibenes in D. alata 
tubers in response to B. theobromae or HgCI, 

Figures la and 2a show that 1-3 accumulate in yam 
tubers infected with B. theobromae in contrast to yam 
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Rg. 1 Enzyme actlvltles m relation to the accumulation of 
dlhydrostllbenes 1-3 m B fheohromae Induced tubers l -m 
dlhydropmosylvm (I), O---O demethylbatatasm IV (2), A-A 
batatasm IV (3), U-n phenylalanrne ammoma lyase (PAL), 

O- C tyrosine ammoma lyase (TAL) 

tubers treated with HgCl, where only 1 shows apprecl- 
able Increases m response to treatment In neither case 
did the compounds show any appreciable accumulation 
m the controls until after 72 hr and 1 never rose beyond 
380 pg/g fr. wt Although large amounts of 1 and 2 were 
produced m response to B. theobromae C3.2 mg/g fr. wt 
after 50 hr (1) and 2 8 mg/g fr wt after 30 hr (2)] the 
accumulation of 1 m response to HgCI, was much lower 
(1,16 mg/g fr wt after 50 hr) as was the accumulatton of 2 
and 3 In both experiments amounts of 1, and for the 
B. theobromae experiment 2, varied over the 100 hr period 
of the experiment suggestmg not only active formatton of 
these compounds but also rapld metabolism It has been 
suggested that the biosynthesis of phenanthrenes and 
dlhydrophenanthrenes proceeds via dlhydro-m-coumanc 
acid m the Combretaceae and Dioscoraceae. The dlhy- 
drostilbenes, therefore, arise via this route to give de- 
methylbatatasin IV which is subsequently metabohzed to 
batatasin IV m Dloscorea [l l] However, the positlon of 
dihydropmosylvm remains unclear as this could be pro- 
duced either via a parallel pathway or via the loss of a 
hydroxyl from demethylbatatasin IV In the current 
experiments actlvatlon of the enzymes of the pathway to 
the dlhydrostilbenes IS much more effective using 

11~ la1 Dlhydrostilbenes 

OV 
Time Ihrl 

Fig 2 Enzyme actlvitles m reiatlon to the accumulation of 
dlhydrostllbenes 1-3 m HgC1, Induced tubers (a) B-m dihy 
dropmosylvrn (I), e--O demethylbatatasm IV (2), A--A 
batatasm IV (3). (b) After ehcltation II- -J PAL, 0 -- 0 TAL, 
m controls W--m PAL. O---O TAL. (c) After ehcltatlon 

3 --a PPO, In controls A--A PPO 

B theobromae as an ehcltor and the present results would 
suggest that some of the enzymes of phenylpropanoid 
metabohsm Important m stilbene formation are activated 
in response to ehcltation by either fungi or morgamc ions 

Actnxtzes of PAL, TAL and PPO durq 
dihydrostllbene accumulation 

The simultaneous assay of PAL, TAL and PPO durmg 
the accumulation of dlhydrostilbenes after ehcltation 
with B theobromae or HgCl, produced the following 
results As shown m Fig 1 b, PAL actlvlty appeared to 
precede the accumulation of dlhydrostllbenes m exper- 
iments usmg B theobromae as an ehcltor and a similar 
effect was observed m experiments utllizmg HgCI, as the 
ehator (Fig 2b) In each case, the Increase m enzyme 
actlvlty precedes the onset of dlhydrostllbene formation. 
However, m the case of HgCI, ehcltation the levels of 
PAL were a fraction (0.46%) of those produced usmg 
B theobromae as an ehcltor and TAL actlvlty was some- 
what lower than that m the controls which may relate to 
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some mhlbltion of these enzymes (PAL and TAL) by 
HgCI,. The transient increases in PAL and TAL activity 
and dlhydrostdbene formation with elicltatlon by B. 
theobromae were not observed in the control samples of 
tuber where levels of PAL and TAL were ca 10-20 and 
5-10 pkat/g fr. wt (Fig. 2b) 

The results of elicitation with B. theobromae suggest the 
cellular synthesis of the dlhydrostdbenes from phenylala- 
mne rather than tyrosme smce TAL activity was present 
at low levels compared with PAL with both elicitors (Figs 
lb and 2b) and It IS not stimulated as compared with the 
controls. However, the concomitant mcrease in produc- 
tion of 1 and 2 in tubers infected with B. theobromae after 
3&60 hr and the later second surge in production of 1 
without production of 2 suggests that either 2 is not 
formed directly from 1 or that the reqmred hydroxylating 
enzyme IS activated for a much shorter period of time 
than are the enzymes leading to the formatlon of 1. A 
third posslbdity is that enzymes which lead to the break- 
down of 2 and 3 may be activated and, therefore, their 
long term accumulation will not occur 

The overall amounts of 1 produced by HgCl, treat- 
ment of tubers was much lower than that with B. theo- 
bromae ehcitation, a factor which may relate directly to 
enzyme mhlbltlon and also to the rapid onset of cell death 
[12, 133 observed m experiments usmg HgCl, None- 
theless, the suggestlon [14] that ablotlc inducers do not 
affect phytoalexm synthesis but only mhlblt their degra- 
datlon would not appear to be supported by the present 
results (Fig. 2a, b) 

PPO activity (Fig. 2c) monitored in experiments with 
controls and HgCl, induced tubers did not show any 
correlation with the progressive browning which was 
observed m these experiments. Its transient increase in 
HgCl, induced tubers supports the proposal for an 
altered role for PPO in stressed systems [15,16] where its 
availablhty may assist m phenohc deposltlon in cell walls 
as a mechanism to limit infections. 

Growth inhtbltory act~tty 

The growth inhibitory activities of batatasin IV (3) and 
batatasin III (4) m lettuce seed germination, hypocotyl 
elongation and wheat coleoptde section elongation tests 
have been established [6]. In our experiments investi- 
gating the effect of dihydrostdbenes on seed germination 
usmg Sorghum bicolor, batatasm IV (3) showed over 90% 
inhibition of germmatlon (Fig. 3c) at both 24 and 48 hr 
from commencement of treatment. Dihydropmosylvin (1) 
shows similar activity at 10e5M after 24 hr but the seeds 
were observed to largely recover after 48 hr incubation 
(Fig. 3a) Demethylbatatasm IV (2) did not appear to have 
as appreciable an effect on seed germination (Fig. 3b) as 
did 1 and 3, maximum mhibltion (at 24 hr) was ca 40%. 
Although not presented here, similar results were ob- 
served when Zea mays seeds were used for germmation 
tests. 

The growth mhlbltory effect of 1 (Figs 3a and 4a) and 2 
(Figs 3b and 4b) were compared to that of their structural 
analogue 3 (Figs 3c and 4c) using seedlings of S bicolor. 
Batatasin IV (3) exhiblted the expected strong mhlbltion 
of S. buzolor root elongation (Fig. 4c) and 1 was found to 
exert a similar effect Demethylbatatasm IV (2) was, 
however, somewhat less effective than the other two 
compounds but was still an effective inhibitor of root 
elongation. In all experiments roots did not recover with 

100 (bl Oemethylbatasln IV (21 
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Fig 3 Inhibitory actlvites of dlhydrostdbenes l-3 on germm- 
atlon of S btcolor seeds. 0-O 48 hr mcubatlon, U--a 24 hr 

mcubatlon 

time and root tips, at high concentrations of 1 and 3, 
collapsed presumably due to an uncontrolled leakage of 
metabolites and electrolytes resulting from the severe 
effects of these compounds on cell membranes [173. 

While It might be expected that compounds with 
reduced polarity due to fewer hydroxyl groups (1) or 
methylation (3) may cross the cell membrane with greater 
ease this is not totally reflected in the above results. All 
three compounds appear to be phytotoxlc, although, in 
the seed germination test, inhibition of germination after 
48 hr was much less well defined with 1 and 2 with 
60-70% of all seeds germinating (Fig. 3). 

Our results with both tests suggest that a multiplicity of 
effects on cell membranes and cell 
involved in the inhibition of seed 
seedling growth by dihydrostilbenes 

EXPERIMENTAL 

biochemistry are 
germination and 

Procedures for the Isolation and ldentlficatlon of the dlhydro- 
stdbenes l-4 were described earlier [3] Compounds l-3 were 
authenticated by comparison with UV, MS, and ‘H NMR data 
given m refs [2, 91, 4 was authenticated usmg data gven m 
refs [3, 41. 

Materzak L-Phenyialanme, L-tyroske, cmnamlc a& Andy p- 
hydroxycmnamlc acid were obtained from Sigma (London). 
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Fig 4 Inhlbnory actlvrttes of dlhydrosttlbenes 1-3 on root 

elongation of S hrcolor seedlings 0 -0 48 hr mcubatton, n - 
n 24 hr mcubatton 

Samples of batatasm I and batatasm III were provided by 

Professor T Hashtmoto (Faculty of Sctence, Kobe Umverstty, 

Kobe, Japan) Tubers of D data L and seeds of S hrcolor (L.) 

Mench were purchased m the market m Be-Ife, Oyo State, 

Nigeria 

Inductron and zsolatlon ofdthydrostrlhenes Tubers (13 kg) of 

D alum were washed with dust H,O, the flesh cut mto 8-10mm 

thtck shces and further rinsed with sterile dust H,O Phytoalexms 

were induced by dipping tuber shces mto a suspensron of 

B theohromae Pat myceha for 10 mm before mcubatron m 

stenle petri dishes for 72 hr [9] Controls were slmtlarly treated 

except that dust H,O was substttuted for the E theobromae 
suspension 

Tuber shces were extracted with EtOAc for 24 hr, the resultmg 

mart further extracted ( x 2) and the pooled EtOAc frs reduced to 

dryness m tiacuo at 40 A TLC bioassay using Ckdosporwm 
cladosporordes, described m refs [3, IS]. was used to detect 

anttfungal compounds The crude extract of the induced sample 

(7g), contammg antifungal acttvrty, was further fractionated by 
CC on activated charcoal, eluted wtth successtve portions of 

EtOAc, EtOAc-MeOH (2 l), EtOAc-MeOH (1 2) and MeOH 

to give frs F,-F, Fractions F,-F, had antifungal acttvny as 

measured using the C cladospororder TLC bioassay 

Fractton Fi was subJected to CC usmg silica gel (mesh 60-120) 

and an elutron programme which conststed of 500 ml each of 

hexane-CHCI, (9 I), CHCI,, CHCI,-MeOH (9 1) followed by 

further mcreases m MeOH concn to 100% Frs (25ml) were 

collected and monitored by TLC [3] Fractions 15-64 yrelded 

three compounds 1,3 and a compound, A, as well as an 011 Frs 

76-92 gave 2 

Fraction F,, chromatographed m a stmllar manner on silica 

gel yielded further quantities of 1-3, and also 4 F,. treated m the 

same way, ylelded 4 alone 
Compounds l-4 were further purnied by TLC [9] and 

Identified accordmg to data given m refs 12-4, 91 and by 

comparison with authenttc compounds The yields obtained 

werepglgfr wtl 250,2 130.3 115and4 146 

Tzme course studres for productwz of drhydrostdbenes and 
determmatron of PAL, TAL nnd PPO actrcltre\ Tuber pieces 

from D. alara were dlvlded Into three groups One group was 

maculated with B theobromae followmg the method described 

above The second group was soaked m an aq soln of HgCI, 
(3mM) for 5 mm and the thud was treated with sterile H,O All 

were then Incubated m petri dashes and samples taken at 

mtervals over a period of 100 hr 

Assay for dzhydrostdbene\ Trtphcate samples of yam tissue 

(40 g) were taken from each group described above over a period 

of 100 hr (Figs la and 2a) and macerated m and extracted wtth 
150ml of EtOAc for 24 hr The EtOAc was removed under 

vacuum at 40’ and the extract subJected to prep TLC 

(CHCI,-MeOH, 19 1) together with l--3 as ref markers Bands 

correspondmg to 1-3 were scraped off the plates, the compounds 

eluted from the srhca gel with MeOH and the extracts evapd to 

dryness The residues were dtssolved m 5 ml of EtOH and the A 
at 282 nm (I), 272 nm (2) and 275 nm (3) determined Using 

standard cahbratron procedures rt was posstble to calculate the 

amounts of these compounds over the period of mcubatlon of the 

yam shces which had been treated atth B theobromae. HgCI,, or 

stertle H,O 

Assay for PAL und TAL Trlphcate samples of yam tissue 

(20g) were taken over a period of 100 hr. They were homogen- 

ized m 100 ml of 0 05 M borate buffer, pH 8 6, at 0 and filtered 

through glass wool The filtrates were centrrfuged at 6 000 9 for 

20 mm at 4” and the supernatant used as the enzyme source for 
the assay for PAL and TAL These assays were performed usmg 

the procedure descrtbed m ref [19] and an mcubatton time of 

2 hr The amount of cmnamlc acid and p-hydroxycmnamtc acid 

formed from phenylalanme and tyrosme, respect&y. was deter- 

mmed spectroscopically from caltbratton curves of the pure 

compounds [20] 

Assay for PPO Yam tissue (trtphcate samples of 1 g) was taken 

for assay of samples Incubated over a period of 100 hr (Fig 2c) 

and homogemsed wrth 0 2 M K-PI buffer (pH 6) filtered and 

centrifuged at 28 000 q and the supernatant used as the enzyme 

source Enzyme assays were performed lmmedtately using the 

method described m ref [21] usmg K-PI buffer (pH 6) and 

0 05 M catechol as substrate Actlvny IS expressed as change m A 
per set per mg fr tuber 

Seed germmatlon test Seeds of S hwolor were surface stermzed 
by soakmg in 95% EtOH for 1 mm before thorough rmsmg wnh 

3 changes of sterrle dust H,O Seeds (20) were distributed mto 

petri dishes containing filter paper Dttferent concns of the test 

compounds were prepd In 50 ml of dust H,O contammg one 

drop of Tween 20 and sterthzed by membrane (Mrlhpore) 

filtration Control solns were prepd from dust H,O contammg 

one drop of Tween 20 A 5 ml portion of each concn of each 

compound were aseptlcally added to a petri dash before mcuba- 

tton at 27” m the dark The number of seeds that germinated m 

each dish was counted after 24 and 48 hr of mcubatlon Expts 
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were performed m quadruphcate and the average per cent 

germmatlon calculated. 

Seedhng root elongation test. Seedlings of S lncolor wluch had 

been grown m sterile H,O were selected with a root length of 

between 1 and 2 cm and distnbuted m petri chshes (20 seedlings 

m each) The Increase m root length of all the seedhngs m each 

&sh was measured. The average of readmgs from 4 dishes per 

concentration was calculated. 
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