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Effect of Coumarin and Related Compounds on Blister Beetle'
Feeding in Sweetclover’

H. J. Gorz® F. A. HaskIns,! and G. R. MANGLITZ®
Lincoln, Nebraska 68503

ABSTRACT

The ashgray blister bectle, Epicauta fabricii (LeConte);
the striped blister beetle, E. vittala (F.); and the mar-
gined blister beetle, E. pestifera Werner, collected in the
field from plants of sweetclover low in coumarin content,
fed preferentially in the laboratory on low-coumarin
leaves when offered a choice between leaves from high-
and low-coumarin plants. The black blister beetle, E.
pennsyluvanica (De Geer), not known to feed on sweet-
dover foliage, also fed preferentially in the laboratory on
leaves from low-cowmarin plants, although the rate of

feeding was much slower than for the other species.

By using appropriate genotypes of sweetclover and con-
trolling the type of light to which the plants were ex-
{)osed, it was possible to offer the beetles choices among
eaves differing greatly in their content of specific
coumarin-related compounds. Both cis-o-hydroxycinnamic
acid (cis-o-HCA) glucoside and coumarin (the lactone
form of cis-0-HCA) were strong feeding deterrents; irans-
0-HCA glucoside bad no significant deterring effect.

Sweetclover (Melilotus spp.) is one of a wide
range of plants fed upon by blister beetles, Epicauta
spp. No serious damage to sweetclover was obhserved
until low-coumarin strains became available follow-
ing the interspecific transfer of the gene condition-
ing low-coumarin content from a wild form to the
cultivated white-flowered species, M. alba Desr.
(Smith 1943). Preferential feeding by blister beetles
on low-coumarin sweetclover plants was observed in

? Coleoptera: Mcloidae.
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the Great Plains region (Howe and Gorz 1960), but
quantitative data on feeding differences were not
obtained, nor were the species of Epicauta identified.
Although the term ‘“coumarin” is used in the
preceding paragraph, in reality, there is little if any
coumarin in the intact sweetclover plant (Haskins
and Gorz 1961). However, the term “coumarin” will
be retained in some parts of this paper for convenk
ence. The plant constituents previously assayed as
coumarin are the glucosides of cis- and trans-o-hy-
droxycinnamic acid (0-HCA). Available evidence 11
dicates that irans-0-HCA glucoside is synthesized 1
very young leaves and is then partially converted t0
the corresponding cis isomer by the action of
light (Haskins et al. 1964). In plants grown I
growth chambers equipped with cool-white fluores
cent lamps (ca. 10,000 lux), most of the total o_-H‘ A
is present as the {trans-glucoside, whereas similar
chamber-grown plants exposed to sunlight for a few
hours contain a . preponderance of cis-o-HCA glu-
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coside. In those dplants having a high content of
cis-0-HUA glucoside as well as high activity of g-

Jucosidase (the enzyme which effects hydrolysis of
¢is-o-HCA glucoside), tissue disruption (such as that
caused by blister beetle feeding) results in rapid
hydrolysis of the cis-0-HCA glucoside to yield cou-
marinic acid. which lactonizes spontaneously to form
coumarin (Kosuge and Conn 1961). However, no
free coumarin formation would be expected during
feeding on leaves containing only irans-0o-HCA glu-
coside hecause the g-glucosidase in sweetclover does
not hydrolyze the trans glucoside. Thus, by selecting
proper genotypes and lighting conditions, leaves were
obtained for wuse in {feeding trials in which the
effect of each glucoside could be assessed and the
added effect of coumarin could be measured.

The objectives of this study were to (I) measure
the relative amount of feeding by various Epicauta
species among lines of sweetclover differing in content
of 0-HCA glucosides and the presence or absence of
-pglucosidase activity, and (2) determine the deter-
ring action of coumarin and the glucosides of cis-
and trans-0-HCA on heetle feeding.

MaTERIALS AND MEeTHODS.—In 1970 and 1971, col-
lections were made of the ashgray Dlister beetle, E.
fabricii (LeConte) ; margined blister beetle, E. pesti-
fera Werner; striped blister beetle, E. vitiata (F.);
and black blister beetle, E, pennsylvanica (De Geer) °
The Ist 3 species were collected from low-coumarin
sweetclover plants (variety ‘Denta’) and the black
blister heetles were found on pigweed, Amaranthus
5pp.

-Near-isogenic lines of hiennial white-blossomed
sweetclover (M. alba) of the CuGCuBB, CuGubb,
cucuBR, and.cucubb genotypes were used, The deriva-
tion of these genotypes was described by Gilchrist et
al. (1970). In commenting on the review of Whit-
taker and Feeny (1971), Jones (1971) stressed the
importunce of within-species comparisons to estab-
lish the role of secondary metabolites in the resist-
ance of planty to insects and diseases. We submit
that such intraspecific comparisons can hest be made
through use of near-isogenic lines of the type used in
the present study. Sweetclover plants of the CuCu
genotype are high in content of the glucosides of cis-
and trons-0-HCA; cucu plants are low in content
(Akeson et al. 1968). Similarly, preparations of BB
Plants are high in g-glucosidase activity; bb prepara-
tions appear to be inactive (Schaeffer et al. 1]96 ).

A single feeding test with intact plants was con-
ducted with E. fabricii. The test consisted of 8 repli-
tations of 4 genotypes of sweetclover offered to a
gopululion ol 2 bheetles/plant in a screened cage,

6X 5638 cm. A separate feeding cage was used for
fach replication. In each cage, each genotype was
Tepresented by 5 plants growing in soil in a I-pint

lastic-coated milk carton. Plants averaged ca. lg cm
igh having been uniformly cut back 2 weeks prior
to the feeding test. The extent of {eeding was meas-
ured by visual estimation of the percentage consump-
tion of each leaf.

All other tests utilized cut sweetclover shoots which
Were trimmed to a uniform number of leaves and
Placed in vials of water or various solutions to be
tested. Shoots in which a high content of cis-o-HCA
Blucoside was desired were exposed to sunlight prior

—

*We thank R. B. Selander. Department of Entumolngy. Uni-
Versity of Illinols, Urbana, for identifyiug the species of hicauta.
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Table 1.—Feeding by blister beetles on Melilotus leaves
of 4 genotypes differing in content of o-hydroxycinnamic
acid and g-glucosidase activity.

Sweet % of lecaves consumed"

clover

geno- E. pennsyl-

types E. fabricii E. pestifera E.vittala  vanica
cucubb 97 a 100a 100 a 88a
cucuiB 95 a 100 a 100 a 8la
CuCubb 38hb 521 3h 2D
CuCuBB 12¢ 23 ¢ Oc 190

o Plants were grown in growth chambers and exposed to sun-
light prior to initiation of the feeding tests.

b Values shown are means of 4 replications of cut shoows held
in water except for the ashgray blister beetles, in which 8 re-
plications of intact plants were used. Within each species, means
not followed by the sume letter are signifcantly different at the
5% level of probability,

to the feeding tests. Feeding chambers consisted of
l1-gal ice-cream cartons containing a 5-cm layer of
silica sand and covered with a plastic screen. Vials
containing the shoots were pushed into the sand to
prevent tipping, and shoots of the various treatmeunts
were closely intertwined. One replication consisted
of a single shoot of each treatment. A population
of 2-3 beetles/shoot was sufficient in most cases to
provide an adequate level of {eeding. Feeding dam-
age was recorded as described for the intact plants.

REsuLts anp Discussion.—Beetles of each of the 4
species fed preferentially on leaves of the cucu geno-
type, which contain a very low level of hoth the
trans- and cis-0-HCA glucosides (Table 1). Thus. it
appears that in CuCu leaves, one or both of the
isomers of 0-HCA glucoside have a strong deterring
effect on {eeding by blister beetles. Furthermore, the
apparent preference of the beetles for CuCubb leaves
over leaves of the CuCuBB genot\q:e suggests that free
coumarin also serves as a feeding deterrent. Both geno-
types contain high levels of the o-HCA glucosides, but
only CuCuBB plants contain the g-glucosidase neces-
sary to hydrolyze cis-o-HCA glucoside, thereby per-
mitting the formation of free coumarin during beetle
feeding. In tests designed to determine whether
blister beetles contain a g-glucosidase which hydro-
lyzes cis-0-HCA glucoside, assays were positive only
when the beetles had fed previously on plants of the
BB genotype. Prior feeding on cucubd plants for 2
days resulted in uniformly negative assays of various
insect parts. Thus, the observed effects of g-glucosi-
dase activity in the feeding tests were due entirely
to plant-derived enzyme.

'{iable 2 shows the combined effects of trans- and
c¢is-0-HCA glucoside content and pg-glucosidase pres-
ence on blister beetle feeding. Shoots of the CuCubbd
and CuCuBB genotypes, grown in a growth chamber,
were exposed to sunlight for 2 hr to effect conversion
of most of the transo-HCA glucoside to the cis
isomer (Haskins et al. 1964), while similar shoots
were held in vials of water in the dark. Assays for
content of cis- and trans-0o-HCA glucosides (Haskins
and Gorz 1970) in similarly treated shoots revealed
that 90-94% of the total o-HCA glucoside content of
the leaves was present as the trans isomer in shoots
held in the dark, whereas only 18-20% was present
as the trans isomer in leaves exposed to sunlight. In
each of the 3 tests, there was a highly significant
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Table 2.—Influence of content of cis- and trans-o-hy-
droxycinnamic acid glucosides and the presence of gglu-
cosidase activity in beetles and in sweetclover leaves on
feeding preferences of margined blister beetles.

Type of
leaves fed?

% of leaves con-

B-glu sumed when pre-
cosi- dominant 0-HCA
dase elce glucoside isomer is®
Test 0-HGA pres- in '
no. content ence beetles? transt cist
1 High — — 68 30
2 High — + 74 11
3 High + + 8] 3

a Genotvpes of leaves fed weve CuCubl in Tests 1 and 2 and
CuGuBB in Test 8,

¥ Accomplished by previous feeding of beetles on cucubb(~)
and cucnBB (4) leaves.

v Values shown are means of 5 replications.
cach of the ¥ tests are highly significant.

dtrans— leaves not exposed 1o sunlight: eis~ leaves exposed to
sunlight for 2 hr. Sce text for relative comtents of these 2
isoaners in the leaves.

Differences within

reduction in feeding on shoots that contained a pre-
dominance of the cis isomer.

In Test 1. the beetles were purged of g-glucosi-
dase activity by prior feeding on plants of the cucubb
genotype. Leaves used in the feeding test also were
devoid of this enzyme. More than a 2-fold difference
in feeding was observed, demonstrating that cis-o-
HGA glucoside acts as a strong feeding deterrent.

The leaves in Test 2 were essentially 1dentical to
those used in Test ], but the beetles in the 2nd test
had fed on cucuBB leaves imroediately prior to this
test and thus contained some plant g-glucosidase in
various mouth parts and other portions of the diges-
tive tract. This enzyme would be expected to hydro-
lyze cis-0-HCA glucoside, liberating coumarin. Feed-
ing differences in Test 2 were somewhat greater than
those observed in Test 1, probably Dbecause a
coumarin effect was added 1o the cis-0-HCA gluco-
side effect in those leaves in which the cis isomer
predominated,

The greatest feeding difference occurred in Test 3
in which the leaves had a high level of g-glucosidase
activity.  More extensive hydrolysis of cis-0-HCA
glucoside would he expected in this test than in
Test 2. Feeding was virtually eliminated on the cis
containing leaves, However, extensive feeding was
observed on leaves of the same genotype in which
the trans isomer predominated.

In other tests, the relative amount of {eeding on
leaves of the CuCubl genotype, having a predomi-
nance of trans-0-HCA glucoside (ca. 90%), was
compared with that on leaves of the cucublb gemno-
type. The beetles were purged of g-glucosidase ac-
tivity prior to initiation of the test. In these tests,
leaves of both genotypes were consumed extensively,
and no significant difference in feeding was ob-
served; thus, trans-o-HCA glucoside had no significant
deterring effect on blister beetle feeding.

To determine the influence of coumarin on
blister beetle feeding in the absence of the o-HCA
glucosides, cut shoots of the cucuBB genotype were
held 15 hr, immediately prior to the start of heetle
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feeding, in solutions containing 0, 1, 5 apq 10
pmoles of coumarin/ml. The 10-umole /m] solutiy
caused a significant reduction in feeding com ar::g
with the lower concentrations of coumarin 0? th
water control. Assays of leaves from the tr(:ateg
shoots gave no indication of large increases of
coumarin. However, in the 10 pmoles/ml treatment
there was a small but consistent increase in coumarin.
particularly in the lower leaves. h

Coumarin administered to cut shoots of sweetclovey
is rapidly converted to melilotic acid (o-hydroxyhydm_
cinnamic acid)  (Kosuge and Conn 1959). In 2 sepa-
rate tests, consumption of cut shoots of the cusybp
and cucuBB genotypes to which melilotic acid had
been administered was not significantly different
from consumption ol similar shoots held in watey,

The black blister beetles, which were collected
from pigweed, did not feed readily on sweetclover
in the laboratory. When compared with E, pesiiferq,
twice as many black blister beetles required 3 times
as many hours to eat an equivalent amount of low-
coumarin leaves. However, these beetles did dis
criminate among the plant genotypes in much the
same manner as the other 3 species, which fact is
ol interest hecause Horsfall (1941) stated of E.
pennsylvanica—"The adults are strictly pollen feed
ers.”"—when he observed no foliage feeding on sev
eral legumes as well as other hosts. Horsefall’s ob-
servations were made, of course, prior to the avail-
ability of low-coumarin sweetclover.

We conclude that blister beetles are able to dis
criminate between plants of sweetclover differing
in 0-HCA content because (1) cis-0-FHHCA glucoside
acts as a strong feeding deterrent, and (2) In those
plants containing pg-glucosidase and cis-0-HCA glu-
coside, feeding is accompanied by hydrolysis of the
ghucoside to produce coumarin, which also serves as
a deterrent. The content of trans-o-HCA glucoside
has little influence on feeding preference, because
the glucoside itsell has no significant deterrent ac-
tivity, and it is not hydrolyzed by sweetclover -
glucosidase during the {eeding process.

While our results show that coumarin and c&-o-
HCA glucoside have a pronounced deterring effect
on feeding by 4 species of blister heetles on sweel-
clover leaves, there also is evidence that coumann
may have an attractive effect (Hans and Thorstem-
son 1961) or no influence on some other species of

insects «which feed upon sweetclover (Howe and
Gorz 1960, Manglitz and Gorz 1964) .
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