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Sweetclover Weevil:' Adenosine as a Feeding Stimulant®

G. L. Beuanp, F. A. Hasxins, G. R. Mancurrz, and H. J. Gogrz®+

ABSTRACT

Adult Sitona cylindricollis Fahraeus responded to adeno-
sine in bioassays for feeding-stimulant activity. The molar
concentration of adenosine which elicited maximum feed-
ing i the bioassay was less than }{ o_of the sucrose con-
eentration required for maximum feeding.

Various purines, pyrimidines, nucleosides, nucleotides,
and relatedp compounds were compared with adenosine in
bivassays for weevil-feeding stimulant activity. Of all
cmpounds tested, only adenosine triphosphate and adeno-
sine monophosphate appeared to act as feeding stimulants;

at the concentrations used, their activities were substan-
tially lower than that of adenosine.

Free adenosine was isolated from leaf extracts of weevil-
susceptible Melilotus afficinalis (L.) Lam. by ion-exchange
and paper chromatography and was identiﬁ}ed- by spectro-
photometric and paper chromatographic techniques. The
quantity of adenosine present, ca. 12 pg/leaflet, was suf-
ficient to indicate that this compound probably influences
feeding of the weevil on M. officinalis plants.

Hsiao (1969) observed that adenine and related
purine compounds act as potent feeding stimulants for
larvae of the alfalfa weevil, Hypera postica (Gyllenhal).
His report apparently provides the 1st recognized case
of a phytophagous insect that responds to free purine-
ar pyrimidine-related compounds; although the adult
vellow fever mosquito, Aedes aegyptt L., and the house
fly, Musea domestica L., and a blood-feeding hemipteran,
Rhodnius prolizus Stihl, responded to purine and
pyrimidine nucleotides in buffer or salt solutions (Hosoi
1959; Galun et al. 1963; Friend 1965; Robbins et al.
1965; Friend and Smith 1971).

In previous work on feeding preference of the adult
sweetclover weevil, Sitona cylindricollis Fahraeus,
stierose, glucose, and fructose were identified as feeding
stimulants in leaves of the host, Melilotus officinalis
(L) Lam. (Akeson et al. 1969a). However, the possible
ceeurrence of other feeding stimulants was not ruled out.
Reported here are the evaluation of various purines,
pyrimidines, and related compounds as weevil-feeding
stimulants, and the isolation of one test compound,

osine, from extracts of M. afficinalis leaves.
MgerHoDs AND MATERIALS.—The sweetclover root-
disk bioassay described by Akeson et al. (1967) was
used to evaluate the test compounds for stimulant
activity, Adult weevils were collected in the vicinity of
Lincoln, NE, and held in cold storage until used.
Samples of 0.15 ml of each solution to be tested and
water blanks of 0.15 ml were applied to separate sets of
9 bicassay disks as one replication, and the treated
rhsk{s were randomly positioned in paraffin-layered
Petri dishes. Weevils (4 or 5/disk) were then introduced
into each dish and allowed to feed for 4 or 6 h, then
Measurements were made of disk consumption. Each
was replicated 5 times. Duncan’s multiple range
test was used to evaluate the significance of differences

Wween treatment means.

! Coleoptera: Curoulionidae.
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Leaves of ‘Goldtop’ sweetelover, a weevil-susceptible
variety of M. officinalis, were investigated for the
presence of adenosine by a modification of the procedure
of Bickoff et al. (1968). Stems of greenhouse-grown
plants were harvested, and the 2 youngest fully ex-
panded leaves from each stem were combined and
extracted with hot water (10 ml/g fresh tissue), Extracts
were lyophilized to dryness. Lyophilized powder,
reﬁre_senting 2.5 g of dry leaf tissue, was extracted for
6h in a Soxhlet apparatus with 809, ethanol. The
resulting ethanol extract was concentrated, applied to a
Dowex®-50 (H+) ion-exchange column,’® washed in
with 0.05 N HCl, and eluted with 5 N NH,OH. The
effluent was concentrated, applied to a Dowex®-1 (CIF)
ion-exchange column, washed into the column with
water, and eluted with COq-saturated water. Fractions
of the effluent from this column were concentrated, and
a sample of each was examined by paper chromatog-
raphy (Whatman no. 3MM paper) with adenosine as
the control. The solvent was composed of butanol,
glacial acetic acid, and water (65:15:35, vol/vol/val).
Developed chromatograms were viewed under 254-nm
UV light and were then sprayed with the purine-
detection reagent described by Dikstein et al. (1956).
Effiuent fractions containing a UV-absorbing, purine-
positive spot corresponding in R, to adenosine were
combined, and an aliquot was applied in a band to each
of several paper chromsatograms. The chromatograms
were developed in the aforementioned solvent, and
the abserbing band corresponding to adenosine was cut
out from each and eluted with water. Eluates were
compared with known adenosine solutions in spec-
trophotometric, chromatographic, and feeding-stimu-
lant tests.

Resvrrs axp Discussion.—In initial tests, 0.01M
solutions of adenosine, adenine, and sucrose, the sugar
with the greatest feeding stimulant activity (Akeson
et al. 1970), were compared in the root-disk bioassay.
Sucrose and adenosine stimulated weevil feeding appre-
ciably and to about the same extent (31.2 and 29.5%,
disk area consumed, respectively); the adenine treat-
ment (5.29 consumed) did not differ significantly from
the water control (6.09% consumed).

The percentages of disk area consumed by sweet-
clover weevils feeding on bioassay disks treated with
0.0001, 0.001, 0.01, and 0.1, and 0.0M concn of adeno-
sine were 24.7, 40.8, 29.6, 7.4, and 6.8, respectively,

8 Mention of a proprietary product does not necessarily imply endorse-
ment by the authors or their agencies.
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Table 1.—Comparisons of adenosine, fructose, glucose,
sucrose, and a mixture of the 3 sugars at 3 concn for
sweetclover weevil feeding response.?

Disk area consumed® (9,)

Compound 0.0000 M 0.001 M 0.01 M
Adenosine 24.9 a 34.0 a 27.4 a
Sugar mixtures 4.5b 22.4 b 27.1 a
Sucrose 5.1b 12.5 ¢ 18.7 b
Fructose 7.3 b 7.4 cd 8.7¢
Glucose 4.3 b 13.2 ¢ 7.0 ¢
Water (control) 5.1b 5.5d 6.7 ¢

? Separate biocassays were eonducted at each of the concentrations.
Weevi’Y population, 4/disk; test duration, ca. 6 h.

Y Within each concentration, meansa followed by the same letter do
not differ at the 0.035 level of significance by Duncan's multiple range
test,

¢ The sugar mixture contained equimolar amounts of sucrose, fruc-
tose, and glucose, with the total concentrations as shown.

Treating disks with the apparently optimum concen-
tration (0.001M) resulted in the application of ca. 8 ug
of adenosine/disk. It is noteworthy that the 0.0001M
treatment (equivalent to 0.8 p,g/c}isk) stimulated an
appreciable degree of feeding, but the highest concen-
tration tested (0.1M) was not more effective than water.
Concurrent bioassays of 0.0001, 0.001, 0.01, 0.1, and
0.0M sucrose solutions resulted in 3.3, 11.8, 29.0, 38.4,
and 5.19%, disk area consumed. Sucrose was only slightly
effective in stimulating weevil feeding at the optimum
adenosine concentration (0.001M). Over the range
0.001-0.1M, increasing the concentration of suerose
resulted in increases in extent of weevil feeding, but
increasing adenosine concentration over the same range
resulted in decreases in feeding. Schoonhoven (1969)
offered several suggestions to explain the observation
that high concentrations of some feeding stimulants
hecome deterrent when offered to phytophagous insects.
However, current knowledge of sweetclover weevil
chemoreceptors is net sufficient to indicate the mecha-
nism responsible for the observed decreases in feeding
at the 0.01 and 0.1M adenosine concn.

Direct comparisons were made also at 3 conen of the
feeding stimulant activities of adenosine, fructose,
glucose, sucrose, and a mixture of the 3 sugars (Table
1). All these sugars are present in a fraetion of M.
officinalis leaves that stimulates weevil feeding (referred
to as Stimulant A by Akeson et al. 1969a). At the lowest
eoncentration (0.0001M), adenosine was the only
compound of those tested that stimulated a significant
amount of feeding. At the 0.001M level, adenosine had
the greatest activity, followed in order by the sugar
mixture and the individual sugars. The sugar mixture
was as active as adenosine at the 0.01M conen, and
sucrose was the only individual sugar which differed
significantly from the water control. Lack of appre-
ciable feeding stimulant activity of glucose and fructose
in these eomparisons should not be taken as contra-
dictory to the conclusion of Akeson et al. (1970) re-
garding these monosaccharides. The present tests
meluded the sugar mixture and adenosine, both of
which stimulated more extensive feeding than any
single sugar. The sugar comparisons of Akeson et al.
(1970), however, included only individual compounds
and extended to considerably higher than 0.01M eonen.

I further tests, adenosine was compared with several
purines, pyrimidines, and related compounds in feeding-
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s‘oim.ulapt bioassays. As shown in Table 2, separate
comparisons were made with groups of similar eom-
pounds at each of 3 econcn. At the 0.01M concen, adeno-
sine was the only compound that stimulated a significant
amount of feeding., Weevil-feeding levels on disks
treated with 0.001 or 0.0001M adenosine triphosphate
or 0.0001M adenosine monophosphate were inger.
mediate between levels on the water and adenasine
controls. Other compounds tested at the 0.001 gng
0.0001M conen failed to stimulate feeding signiﬁcanﬂy
more than the water control. Thus, of the tested com.

Table 2.—Comparisons of adenosine with vatious
purines, pyrimidines, and related compounds for sweel-
clover weevil feeding response.2

M
Disk area consumed® (%)
Compound tested . 0.0001 M (.)..001 M OW
Comparison 1
Adenosine 28.1 a 36.5 a 35.6 &
IC}yto_snne 11.2 b 7.3 b 13.7 b
racil 7.6 b 5.4 b 4.9¢
Thymine 7.1 b 525b 3.74¢
Water (control) 9.2 b 56b 11.2 b
Comparison 2
Adenosine 26.2 a 33.8 a 43.1 a
Cytidine 8.6 b 9.5 b 13.0 b
Undm_e. 59b 7.7 b 0.9¢
Thymidine 5.3 b 4.0 b 0.7¢
Water {(control) 6.0 b 4.4 b 10.8 b
Comparison 3
Adenosine 17.0 g 29.8 a 41.0 a
Adenine 8.0b 8.8 b 1.7¢
Guanine 1.7 ¢ 24c¢ —
Hypoxanthine 3.1¢ 3.9¢ 5.5 ¢
Xanthine 2.6 ¢ 1.8 ¢ 1.3e
Purine 22¢ 2.1e 0.8 ¢
Water (control) 8.9b 5.1 be 14.3 b
Comparison 4
Adenosine 32.1 a 42.0 a 36.9 a
Guanosine 10.8 be 8.9b 4.3b
Inosine 4.8¢ 2.3 ¢ 3.7h
Xanthosine 12.6 b 7.4 be 1.6 b
Water (control) 6.8 be 6.4 be 6.6 b
Comparison 5
Adenosine 19.2 a 37.9 a 20.3 a
Adenine 53.7b 7.8b 2.3¢
Adenine HCI 4.1 b 4.6 be 0.7¢
Benzoyl adenine 1.7 b 0.7 ¢ 2.3¢
Water (control) 3.8b 57b g.1b
Comparison 6
Adenosine 22.7 a 31.0 a 21.3 8
Adenosine-5'-
triphosphate 16.5 ab 11.7b 1.2 ¢
Adenosine-3’-mono-
_ phosphate 11.3 b 2.4 ¢ 0.2¢
Guanosine-3’-mono-
_ phosphate f.le 3.2 ¢ 5.1 be
Water (control) 3.9 ¢ 2.7¢ 7.1 b

* Separate biumﬁ%ys were conducted at each of the concentrations fof
each comparison, Weevil population. 4/disk; test duration ca. 6 I e

" Within each comparison and concentration, means followed by %
same letter do not differ at the 0.05 level of significance by Dunca®
multiple range teat.
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Table 3.~Ascending chromatography of the isclated
compound, adenosine, and adenine in 7 solvent systems.

Re X 100
Isolated .
Solvent composition com- Adeno- ]
(% by volume) pound  sine Adenine

a-Butanol 60 56 55 61
Acetie acid 15
Water 25
a-Butanol 33 68 67 66
Pyridine 33 .
Water 33
Ethyl ether 76 11 12 49
Acetie acid 18
Water 6
Methanol 80 48 45 57
Formic acid (88%) 15
Water 5
a-Butanol 77 20 18 30
Formic acid (88%,) 10
Water 13
Ethanol 67 48 46 58
Pyridine 20
Water 13
Water 100 56 58 37

gounds, only those containing adenosine were active as
eeding stimulants. Some of the compounds, especially
certain purine bases, appeared to deter feeding, Iljam; the
bioassay was not designed to provide a reliable measure
of feeding deterrent activity. Adenine hydrochloride,
reported by Hsiao (1969) to be most effective as a
feeding stimulant for alfslfa weevil larvae, was in-
effective as a feeding stimulant for sweetclover weevils.
Bpectrophotometric comparison of known adenosine
and putative adenosine isolated from M. officinalis
Jeaves gave a strong absorption peak at 259 nm and a
valley at 228 nm for both compounds. Furthermore, the
228:259, 249:250, and 269:259 nm optical density
mtios for the isolated compound (0.26, 0.79, and 0.81,
respectively) agreed well with the respective ratios of
0.25, 0.80, and 0.84 for known adenosine. In paper-
chromatographic tests employing 7 different solvent
ms, the migration of the isolated compound was
mmilar to that of known adenosine and markedly
different, in several of the solvents, from that of adenine
(Table 3). Bioassays for feeding-stimulant activity
indicated no significant difference in weevil feeding on
disks treated with approximately equal amounts of
known adenosine (19.99 disk area consumed) and the
isolated adenosine (16.39% disk area consumed).
Frpm the optical density of a solution of chromatog-
mphically isolated adenosine (and assuming no loss
uring the extraction and isolation procedures), the
isdenosine content of young M. officinalis leaves was ca.
0.3% of the dry weight of the leaves. Losses during the
'various procedures are inevitable; therefore, the true
-eontent of adenosine probably was somewhat greater
than 0.3%. Young fully-expanded M. officinalis leaflets
Jave & dry weight of ca. 4 mg. Using the values of 0.3%
‘and 4 mg, it is apparent that the adenosine content of
-young M. officinalis leaves was ca. 12 pg/leaflet. This

quantity of adenosine applied to a root disk in the
feeding stimulant bioassay would be sufficient to elicit
significant weevil feeding. Root disks and leaflets are
greatly different in some respects, but they are not
vastly different in size. Therefore, it is reasonable to
conclude that adenosine is -present in the leaflets in
?ulei__cient quantity to play a significant role in weevil
eeding.

The results presented here provide ample support for
the addition of adenosine to the list of M. officinalis
constituents that influence féeding by the adult sweet-
clover weevil. Levels of adenositie, as well as the pre-
viously reported feeding stimuldants,” sucrose, glucose,
and fructose (Akeson.et al. 1969s), the feeding deterrent,
nitrate (Akeson et al. 1969b), and probably other as
yet unidentified substances, are involved in the response
of the sweetclover weevil to M. officinalis leaves, As
pointed out by Schoonhoven (1969) and Dethier (1970),
numerous factors are involved in the chemical inter-
actions between phytophagous insects and their host
plants. Results of our study and that of Akeson et al.
(1969a, b) indicate that the feeding response of the
sweetclover weevil to its host is similarly complex.

REFERENCES CITED

Akeson, W. R., H. J. Gorz, and F. A. Hagkins. 1969a.
Sweetclover weevil feedin}; stimulants: Isolation and
identification of glucose, fructose, and sucrose. Crop
Sei. 9: 810-2,

Akeson, W. R., F. A. Haskins, and H. J. Gorz. 1969b.
Sweetclover weevil feeding deterrent B: Isolation and
identification, Science (Wash., D.C.) 163: 293—4.

Akeson, W. R., F. A. Haskins, h J. Gorz, and G. R.
Manglitz. 1970. Feeding response of the sweet-
clover weevil to various sugars and related com-
pounds. J. Ec¢on, Entomol. 63: 1079-80.

Akeson, W. R., G. R, Manglitz, H. J. Gorz, and F. A.
Haskins. 1967. A bioassay for detecting compounds
which stimulate or deter feeding by the sweetclover
weevil. Ibid. 60: 1082-4. '

Bickoff, E. M., R. R. Spencer, 8. C. Witt, B. E. Knuckles,
and J. B. Stark. 1968. Purine derivatives in alfalfa
as growth stimulants for Beetllus subtilis. J. Agrie.
Food Chem. 16: 246-51.

Dethier, V. G. 1970. Chemical interactions between
glants and insects. p, 83-102. In E. Sondheimer and

. B. Simeone {[ed.] Chemical Ecology. Aecademic
Press, New York.

Dikstein, S., F. Bergmann, and M. Chaimovitz. 1956.
Studies on uric acid and related compounds. II. Paper
chromatogra,lp}g of substituted xanthines and uric
acids, J. Biol. Chem. 221: 230-51.

Friend, W. G. 1965. The gorging response in Rhodnius
prolizus Stahl. Can. J, Zool. 43: 125-32.

Friend, W. G., and J. J. B, Smith, 1971. Feeding in
Rhodnius prolizus: Potencies of nucleoside phosphates
in ipitiating gorging. J. Insect Physiol. 17: 1315-20.

Galun, R., Y, Avi-dor, and M. Bar-Zeev. 1963. Feeding
response in Aedes a,egy&ti: Stimulation by adenosine
triphosphate. Science (Wash., D.C.) 142: 1674-5.

Hosoi, T. 1939. Identification of blood components
which induce gorging of the mosquito. J. Insect
Physiol. 3: 191-218.

Hsiao, T. H. 1969. Adenine and related substances as
potent feeding stimulants for the alfalfa weevil,
Hypera postica. Ibid. 15: 1785-90.

Robbins, W. E., M. J. Thompson, R. T. Yamamoto, and
T. J. Shortino. 1965. Feeding stimulants for the
female housefly, Musca domestica Linneaus. Science
(Wash,, D.C.) 147: 628-30.

Schoonhoven, YL."M. 1969. Gustation and foodplant
selection in some lepidopterous larvae, Entomol. Exp.
Appl. 12: 555-564.




	Sweetclover Weevil: Adenosine As a Feeding Stimulant
	

	tmp.1241204984.pdf.L3Nmz

