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Some Enzymatic Activities Registered in Eggs and Gut Tissues of
the Olive Fruit Fly, Dacus oleae (Gmelin)!

D. C. STAMOPOULOS

Laboratory of Applied Zoology and Parasitology,
University of Thessaloniki, Greece

ABSTRACT

Nineteen enzymatic activities of eggs, gut tissues of larvae and adults of Dacus
oleae have been determined using the API-ZYM micromethod. The enzymatic
activities of eggs were much weaker than those of larval or adult guts. The
activities increased progressively to the L2 and Ls. The lack of feeding caused a
reduction of certain activities in larvae (alkaline phosphatase, esterases, aminope-
ptidases) but not in adults. The addition of streptomycin to the food of adults, to
obtain *“‘aposymbiotic’’ individuals, did not have a clear effect on the activities of
the insect’s various stages. Although the enzymes studied were not the only ones
that occur in the insect’s gut tissues, it seems that there are few similarities
between the enzymatic system of larvae and that of adults, most probably because
of the different content of the two diets in essential nutrients such as amino acids,

proteins, and lipids.
Introduction

In nature, the adult olive fruit fly, Dacus oleae
(Gmelin) (Diptera: Tephritidae), feeds on nec-
tar, pollen, juices of ripe or decomposing fruits
and honeydew of aphids or scale insects
(Tsiropoulos 1977, Katsoyannos 1983). The
larva feeds only on ripe olives or olives in the
process of maturation, Artificial rearing in the
laboratory is quite easy using a mixture of suc-
rose, hydrolised protein and water for the
adults and freshly picked or cold-stored olives
for the larvae. For the rearing of larvae, solid
artificial diets can also be used (Tzanakakis et
al. 1970, Tsitsipis 1977). The composition of
those foods, quite diversified, implies that the
insect possesses well adapted enzymatic ac-
tivities to be able to acquire such essential basic
nutrients as amino acids, monohexoses, fatty
acids etc. at all developmental stages. The sec-
retion of the enzymes which are essential for
such a utilization of the trophic resources takes
place principally in the digestive tract, and, ac-

' Received for publication January 26, 1989.

cording to certain authors it is possible that a
number of them is of microbial origin (Hagen
1966, Fytizas and Tzanakakis 1966, Tzanakakis
and Stavranides 1973). In fact, the microor-
ganisms which abound in the intestine or in the
diverticulum of the adult’s head capsule are
considered as ‘“‘symbiotes’’ in the sense that
they are involved in the process of food diges-
tion.

The purpose of the present work was to con-
tribute to the knowledge of the gut digestive
enzymatic activities that occur in the various
stages of D, oleae. I do not claim that these are
the only ones that occur in the insect’s tissues
nor that there is always a close correlation bet-
ween the enzymatic activities observed and the
constituents of the insect’s food. As Barrington
(after Morgan 1976) states, “‘the ability of cer-
tain enzymes to digest a given substrate does
not mean that the particular substrate must
necessarily be present in their diet””. Yet, res-
earch on the enzymatic activities of a tissue or
an organ may contribute to the understanding of
the mechanisms involved in the digestion of
foods and to guiding of studies concerning the
insect — trophic substrate — symbiotes complex.
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In this respect, the enzymatic activity of the
digestive tract was examined not only of
“normal’’ insects, but also of insects deprived
of food and also of insects treated with strep-
tomycin and considered as ‘‘aposymbiotic’’
(Hagen et al. 1963, Hagen 1966, Tzanakakis
1984).

Materials and Methods

The adults were derived from pupae taken out of
field - infested olives of the variety Megaritiki, that
were collected in the region of Halkidiki (northern
Greece), in late September. Three “types’ of in-
sects were used: 1. Adult females, one-day-old,
unfed. 2. Adult females fed for 5 days a mixture of
hydrolized yeast - sugar - water in the ratio of 1 -4 -
5 by weight. 3. Adult females to the diet of which
0.25%, streptomycin sulphate was added from the 5th
day for 3 days. The larvae came from females which
laid eggs either in paraffin domes (Hagen et al.
1963) or in green olives of the same variety. The
digestive tract was examined of: 1. Larvae soon after
their exit from eggs laid in paraffin domes. 2. Larvae
of the same type as 1, but from mother flies fed
streptomycin. 3. Larvae developed in the mesocarp
of green olives (all three larval stadia). The enzyma-
tic activity of eggs from ‘“‘normal’” and
“aposymbiotic’’ females was also determined.

The determination of 19 enzymatic activities was
done according to the procedure of the API system
S.A. This system is a semiquantitative research mic-
romethod of enzymatic activities applicable to all
substrates (tissues, cells, microorganisms etc.), with
very small quantities of samples. The following pro-
cedure, according to Monget (1978) was followed:

Dissection of adults or larvae in cold distilled
water.

Dissection of the gut, aftter it has been cleared of
tracheae and associated tissues, except of the Mal-
pighian tubules, and emptied of its contents.

Breaking up of the tissues thus obtained in a Poter
tube, in 1.5 ml of cold distilled water. The eggs
were broken in toto.

Inoculation, with a Pasteur pipette, of the pre-
pared sample in the API-ZYM tray, at two drops (=
65 ul) per cupule.

Incubation for 4 hours at 37°C,

After the incubation, addition to each cupule of
one drop of reagent ZYM-A (permitting the solving
of reagent B) and one drop of reagent ZYM-B (Fast
Blue BB).

After 5 minutes, exposing of the trays to the rays
of a powerful light source (= 1000 watt bulb).

Registering of results on a scale of 0 to 5. Zero
corresponds to a negative reaction, while 5 to a reac-
tion of maximum intensity.

We have tried to use approximately the same
quantity of digestive tracts in all cases, even in small

larvae. The sensitivity of the method allows the use
of very small quantities of tissues. In fact, in a pre-
vious work (Stamopoulos 1980), we have found that
only 9 digestive tracts of La of Acathoscelides obtec-
tus showed the same totals of enzymatic activity with
30 tracts. In general, with D.oleae we used 2 mg of
digestive tracts and 30 eggs in every series of tests.

Results and Discussion

From the results seen in Table 1 we can con-
clude that, in general, the enzymatic activities
of eggs are much weaker than those of larvae or
adults. Their profile resembles that of starved
larvae, except for the activity of acid phos-
phatase, phosphamidase and a-glucosidase
which are stronger in eggs. The enzymatic ac-
tivities increase progressively when the larvae
reach the stadia L2 and L. This phenomenon
has been observed also in A. obtectus
(Stamopoulos 1980). The starved condition
seems to influence considerably certain en-
zymatic activities of larvae, as shown by
Plantevin and Nardon (1972) for Galleria mel-
lonella and Periplaneta americana. On the con-
trary, the addition of streptomycin to the diet of
adults seems to have no effect whatsoever on
the activities studied. However, for the time
being, we cannot reject, even indirectly, the
theory of the role the “symbiotes’” play in di-
gestion, because other factors may interfere in
such a complex system.

Phosphatasic activity (2, 11, 12). We find a
quite strong alkaline phosphatase activity in
larvae and adults but not in eggs or in unfed
larvae. This enzyme is involved in various
transfer phenomena and its ubiquity in the class
of insects is not surprising. Yet, the lack of
feeding seems to affect this activity con-
sideraby, as also seen in G. mellonella and P.
americana (Plantevin and Nardon 1972). Acid
phosphatase was present in all stadia examined,
at a generally high level, without a substantial
reduction in unfed individuals. It is involved in
certain biological processes, such as protein
synthesis. The lower activity in eggs from
streptomycin-fed mothers should be examined
further, same as phosphamidase and
a-glucosidase, because if they are not artifacts
due to the experimental procedure, there are
two possible explanations: the presence of
traces of streptomycin in the eggs partially
blocks the substrate of the API-ZYM system,
or the secretion of enzymes due to the micro-
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TABLE 1. Enzymatic activities of eggs, larvae and adults of D. oleae according to the API-ZYM system (N: normal, St:

streptomycin-fed, Uf: unfed individuals, t = traces).
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bial flora of the eggs weakens because of the
antibiotic.

Esterases - lipases (3, 4, 5). According to
Monget (1978), the line between esterases and
lipases remains vague. It is generally accepted
that the aliphatic chain of the ester should have
at least 14 carbon atoms for the hydrolysis to be
caused by a lipase. The esterase and lipasic
activities observed were of a more or less
medium level, except in eggs and in unfed lar-
vae where they were virtually absent. What is
unexpected in D. oleae is that lipase activities
are fairly week in the larvae. This seems ab-
normal for an insect which passes its larval
stage in a substrate rich in fatty acids. It is pos-
sible that this activity is manifested in connec-
tion with the level of fatty acids in the
mesocarp; in other words, the larvae which de-
velop in green olives, such as those of the pre-
sent work, which are less rich in lipids, have a
week lipase activity which may increase in lar-
vae developing in ripe olives. However, such a
hypothesis remains to be proven.

Proteinase activity (9, 10). It is totally absent

in all the cases examined, while aminopep-
tidases are present at a high level.

Aminopeptidases (6, 7, 8). They specifically
hydrolyse the acid — CO — NH bond and in
addition to their digestive function could par-
ticipate in protein synthesis. In insects there is
something a contrast between aminopeptidase
and lipase activity (Plantevin and Nardon
1972). In fact, one observes in D. oleae as well
in Blaberus cranifer, in A. obtectus and in other
insects that the greater the aminopeptidase ac-
tivity the smaller the lipase activity. Yet, no
correlation between these two activities has
been demonstrated.

Glucosidases (13, 14, 15, 16, 17, 18, 19,
20). These enzymes hydrolysing glucosides are
very specific as to the glucone part of the sub-
strate and to the bond between glucone and
aglucone (Monget 1978). They are involved in
the digestion of cellular or extracellular oligo
and polysaccharides and of mucopolysac-
charides contained in tissues. In view of the
fact that, in insects, the absorption of carbohyd-
rates takes place in general in the form of
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monosaccharides (Treherne 1967), the study of
the glucosidase arsenal of an insect may pro-
vide interesting information about its diet or
about its capacity to be nourished on a certain
substrate. According to Morgan (1976), the
glucosidases have also transglycosilation func-
tions, the acceptor generally being an alcohol
or a sugar. This transferring action could consti-
tute a detoxication mechanism in insects.

The study of the glucosidase system in
D.oleae shows that there is no similarity bet-
ween that of larvae and that of adults, same as
was observed by Leroi et al. (1984) in A. obtec-
tus. The different composition in carbohydrates
of the adult diet from the larval diet could exp-
lain such a difference in the enzymatic ac-
tivities. Adult nourishment, already mentioned
is very rich in sugars, while the olive mesocarp
is very poor, especially during the mid October
— early December period (Katakura and
Narasaki 1954). According to our results, a
strong o-glucosidase activity is observed in
adults and a very week one in larvae. This al-
lows the imagos to attack certain sugars such as
sucrose, maltose, melezitose and trehalose. In
fact, Tsiropoulos (1980) proved such a capacity
in adults of D. oleae and suggested the
hypothesis that ““an a-glucosidase must be pre-
sent (in the insect’s digestive system)’’. A
quite clear P-glucosaminidase activity is also
observed, except in eggs and in Li, which is
not surprising because this enzyme is involved
in the formation of the integument in insects
(Nardon and Plantevin 1972).

The total absence of a-galactosidase implies
that the insect has not the capacity to attack
melibiose. This seems in contradiction with
what Tsiropoulos (1980) has observed. On the
contrary, the week -galactosidase activity, can
explain the non utilization of lactose which that
author observed. Yet, as he points out, “some
of the larger molecules may be absorbed di-
rectly, (and the) presence in the olive fruit fly
of these enzymes is only indicative'’.

The absence of differences between the en-
zymatic activities of “normal’’ insects and
those of “‘aposymbiotic’’ ones can be explained
by admitting that: 1. The procedure used, e.g.
continuous washing of the digestive tract in dis-
tilled water, has removed the microbial flora of
“normal’’ insects and, consequently, has re-
duced their total enzymatic activity, or 2. The
microbial flora plays a role other than that of

enzyme “‘producer’’. Further studies of the
microbial flora of D. oleae are indispensable to
precisely determine the role of its
“symbiotes’’.

Acknowledgment

I thank Prof. M.E. Tzanakakis for comments on the
manuscript.

References

Fytizas, E. and MLE. Tzanakakis. 1966. Sur la possibilité
d’une lutte contre le Dacus oleae par I'utilisation des
antibiotiques. Mededelingen Rijksfaculteit
Landbouwwetenschappen Gent, XXXI: 782-789.

Hagen, K.S. 1966. Dependence of the olive fly, Dacus
oleae, larvae on symbiosis with Pseudomonas savas-
tanoi for the utilization of olive. Nature (Lond.)209:
423-424,

Hagen, K.S., L. Santas and A. Tsekouras. 1963. A techni-
que of culturing the olive fly Dacus oleae Gmel. on
synthetic media under xenic conditions. /n Radiation
and Radioisotopes Applied to Insects of Agricultural
Importance. Proc, Symp. Athens 22-26 April 1963,
ILA.E.A., Vienna; 333-356.

Katakura, K. and T. Narasaki. 1954, Fundamental studies
on the utilization of olive fruits. I. Change of the crude
components of flesh during the growth of olive fruits.
Tech. Bull. Kagawa Agr. Coll. 6:1-7.

Katsoyannos, B. 1983. Captures of Ceratitis capitata and
Dacus oleas (Diptera: Tephritidae) by McPhail and Re-
bell colour traps suspended on citrus, fig and olive trees
on Chios, Greece. Proceedings of the CEC/IOBC
Symposium on Fruit Flies of Economic Importance
held in Athens (Greece) 16-19 Nov. 1982:451-456,

Leroi, B., C. Chararas and J.M. Chipoulet. 1984. Etude
des activités osidasiques du tube digestif des adultes et
des larves de la bruche du Haricot, Acanthoscelides
obtectus. Entomol. exp. appl. 35: 269-273.

Monget, D. 1978. Mise au point d'une microméthode de
détection et de mesure d’activités enzymatiques
(API-ZYM). Résultats obtenus dans differents
domaines d’application. Thése de Docteur-Ingénieur,
Univ. de Lyon I, 152 pp.

Morgan, M.R. J. 1976. Gut carbohydrases in locusts and
grasshoppers. Acrida 5:45-58.

Plantevin, G. and P. Nardon. 1972. Utilisation d'une
microméthode de détection (Auxotabe) pour la re-
cherche qualitative d’activités enzymatiques dans les
tissus d’insectes. Ann. Zool. Ecol. anim. 4(2):229-248.

Stamopoulos, D.C. 1980. Influence de quelques facteurs
liess a la plante-hite agissant sur la développement
post-embryonnaire et la réproduction d'Acanthoscelides
obtectus Say (Coléoptére-Bruchidae). These de Doc-
teur Ing. Univ. de Tours, France.

Treherne, J.E. 1967. Gut absorption. A. Rev. Ent. 12:
43-58.

Tsiropoulos, G. 1977. Reproduction and survival of the
adult Dacus oleae feeding on pollens and honeydews.
Envir. Ent. 6:390-392,

Tsiropoulos, G. 1980. Carbohydrate utilization by normal
and y-sterilized Dacus oleae. J. Insect Physiol.
26:633-637.



STAMOPOULOS: ENZYMATIC ACTIVITIES IN DACUS OLEAE 27

Tsitsipis, J. 1977. An improved method for the mass rear-  Tzanakakis, M.E. and A.S. Stavranides. 1973. Inhibition

ing of the olive fruit fly Dacus oleae. Z. angew. Ent. of development of larvae of the olive fruit fly, Dacus
83:419-426. oleae (Diptera:Tephritidae), in olives treated with
Tzanakakis, M.E. 1984. Considerations on the possible streptomycin. Entomol. exp. appl. 16:39-47.

usefulness of olive fruit fly symbioticides in integrated
control in olive groves. /n Integrated Pest Control in
Olive Groves. Proc. CEC/FAO/IOBC Intern. Joint
Meeting, Pisa 3-6 April 1984:386-393,

Tzanakakis, M.E., A. Economopoulos and J. Tsitsipis.

1970. Rearing and nutrition of the olive fruit fly. 1. " ) . s
Improved larval diet and simple containers. J. Econ. KEY WORDS: Dacus oleae, Olive fruit fly,

Entomol. 63:317-318. Dacus oleae enzymatic activities

Mepikég Eviopikég Apaoceig mov Kataypaonkav oto Apyo ko oto Ientiko
Xootnpa tov Adxov tng Elag, Dacus oleae

A. K. ZTAMOIIOYAOX

Epyaetipio Epapuoouevys Zwoioylag kar [lapaaitoloyiag,
Havemartiuio Oeagaatlovikng

INEPIAHYH

Ze afyd, mpovipges kat téhela tov Dacus oleae eEgtdaobnkay dexasvvéa evivpikéc dpaoeig,
pe ™ pébodo API-ZYM. Ta anotedécpate é6e1Eav 011 ot afyd ol Tipég Tov Katayphen-
Kav Ntav ToAb xapniotepeg and avtés tov teeiov 1 ToV Tpovupedv. Xrig tehevtaisg, ot
evlopkég dphoetg avgdvouv mpoodevtikd pe tnv avEnon tov otadiov. H pn Ay tpoofg
amd TG VEUPES MPOVOHPES puivetal v Tpokuiel peimon tng dpdong opiopévev eviipmv
(ahkalikn QOOPUTACT), ECTEPUCES, UULVOTENTIOAOES), EVD SEV Tapat pEiTal KATL avdioyo
oto téhewe. H yopfiynon otpentopukivng oe 1€Aela, pe okond tn ANy «arocupflotik®@vy
atopay e deiyvel va £xet pa Eex@Bapn enidpaon otig evivpikég dphoeis T@v dia@opmv
otadiov Tov gvtopov. Map’ 6ho mov ot evlupikég dpdoelg mov eetactnkay dev eivan xat ot
MOVES TOU UNAVIMVINL OTO MEMTIKO CUATNHE TOL EVIOHOU, dev QUuiveTOol vo LTTApP)EL OE
TOALEG TEPIMTAOCELS KATOLE VTIOTOLX L0 HETAED TOU EVEUHIKOD KOTALGHOUY TMV TPOVULODY
Kot avtob Tev tedeiov, mbovdg Aoy tng drogopetiknig olvleong g Tpo@ng oe
anopaitnteg Opentikég ovoieg 6nowg m.y. apvotéia, tpoteiveg xar Mnidia.
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