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The effect of amino acid analogues on larval growth and
survival of the olive fruit fly Bactrocera oleae
(Diptera: Tephritidae)!

A. G. MANOUKAS

Institute of Biology, NCSR “Demokritos”, Athens 15310 Greece

ABSTRACT

The effects of eight amino acid analogues [L-canavanine, D-cycloserine, allyl-
glycine, L-glutamic acid-A-hydrazide, DL-ethionine, L-,-3,4 dihydroxyphenyl-
alanine (L-DOPA), DL-,-3,4 dihydroxyphenyl-alanine (DL-DOPA) and thiaproline]
added to an artificial diet on egg hatching, larval survival, larval weight, pupal
weight and adult emergence of the olive fruit fly, Bactrocera oleae (Gmelin)
(Diptera: Tephritidae) were investigated. Larval survival and weight were signific-
antly decreased by all amino acid analogues tested. Pupal weight and adult
emergence was depressed by L-canavanine, D-cycloserine, L-DOPA, DL-DOPA
and allyl-glycine. Of all amino acid analogues tested only L-canavanine inhibited
hatching of the eggs. The depression of the parameters affected was increased by
increasing the concentration of each analogue tested. The larvae of most ex-

perimental diets took longer to pupate than those of the control.

Introduction

The importance of amino acids in insect nutrition
and metabolism has been well documented. The
role of amino acids in protein synthesis and in
other functions, as neural transmission, detoxific-
ation, phospholipid synthesis, energy production
and morphogenic processes, has been reviewed
by Chen (1985). The free amino acid pool of the
olive fruit fly Bactrocera oleae Gmelin, (Diptera:
Tephritidae) and the requirement of larvae for free
amino acid mixtures have been reported (Manou-
kas 1972, 1989).

Amino acid analogues are non-protein amino
acids and appear to be of great ecological im-
portance. They modify insect-plant relationships
and they may affect insect behaviour, develop-
ment and survival with their antimetabolic action
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and toxicity. Amino acid analogues and similar
compounds are plant secondary metabolites and
their biosynthesis, distribution and toxicity have
been reviewed by Rosenthal and Bell (1979) and
Fowden (1981). Primarily they act as amino acid
antagonists preventing normal protein bio-
synthesis (Dittmer 1950, Fowden et al. 1967).
Reese and Holyoke (1987) have reviewed the
effect of amino acid analogues and other meta-
bolites upon growth and development of insects
and Zografou et al. 1998 have tested some of them
upon adult survival and reproduction of the olive
fruit fly, Bactrocera oleae (Gmelin) (Diptera:
Tephritidae).

In the present work the effect of eight amino
acid analogues (L-canavanine, D-cycloserine, L, -
3,4 dihydroxyphenylalanine (L-DOPA), DL-, -3 4
dihydroxyphenylalanine (DL-DOPA), allyl-gly-
cine, DL-ethionine, L-glutamic acid-y-hydrazide
and thiaproline) upon hatchability of eggs. larval
growth, larval survival, pupal weight and adult
emergence of the olive fruit fly was investigated.
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Materials and Methods

Eggs 48+4 h old were obtained from olive fruit
flies originating from the island of Aghia Trias,
Attiki, Greece, 1982 (stock T) and maintained in
our laboratory at approximately 25420 C, 65£5%
RH and L16:D8§ daily photoperiod according to a
rearing technique described by Tsitsipis (1977).

The larval diet (medium) used, its composition
and preparation is given elsewhere (Manoukas
1989, 1993). This diet was used as a control diet
and four additional diets were formulated by add-
ing each chemical tested at four different levels at
a geometric sequence, as shown in the table. The
appropriate quantity of each chemical was
dissolved in water and then added to the diet prior
to the addition of yeast, soy hydrolysate and cel-
lulose. All chemicals were of analytical grade
(Sigma Co., USA). Plastic containers of 4 c¢m
height and 10 cm diameter with covers were used
(Kris-Pan Co., Greece). Forty-five g of each diet
was placed in each container (replicate) and 4
replicates per each level of chemical (treatment)
were used with 7 eggs/g diet. Eggs were placed on
a filter paper on the surface of the diet and
hatchability of eggs was checked 3 days after
placement of eggs. The number of larvae and their
weight were recorded on a 4 g sample of diet
obtained randomly from each replicate on the
10th day following placement of eggs, while
pupae were collected and counted from 14th to
21st day. Pupal weight was measured at least 3
days after the last collection of pupae and adult
emergence was recorded. Statistical procedures
employed were those described by Steele and
Torrie (1960) as indicated in the table.

Results and Discussion

Table | presents the results. Hatchability was
significantly depressed by the concentration level
of 0.02% dietary L-canavanine in both experim-
ents compared to the control (0.00 level). Larval
survival (larvae/g diet) was not affected up to the
level of 0.02 but it was significantly affected by
the level of 0.04 and no larvae survived at the
level of 0.08. Larval weight was affected by the
level of 0.02. Larval survival to pupation (pupae/g
diet) was depressed by the level of 0.01 and pupal
weight was depressed by the level of 0.01
(experiment 1) and 0.02 (experiment 1 and 2).
Adult emergence was significantly lowered by the
level of 0.01. D-cycloserine significantly depres-
sed all parameters recorded from the level of
0.0125 with the exception of hatchability which

was not affected by the levels tested and of adult
emergence in experiment 3 which was depressed
at the level of 0.025, It is of interest however to
note that while the level of 0.05 and 0.1% dietary
D-cycloserine did not permit any larvae to
survive, hatchability of eggs was not statistically
affected by these levels when compared to the
control.

Hatchability was not affected by the concentr-
ation levels of L-DOPA and DL-DOPA tested. In
experiment 1 larval weight was depressed at the
level of 0.1 L-DOPA and further at the level of 0.2
when compared to the control. In addition the
level of 0.2 depressed number of pupae/g diet,
pupal weight and adult emergence. The results of
experiment 2, in general confirmed those of
experiment 1 and the level of 0.4 did not permit
any larvae to pupate. DL-DOPA significantly
depressed larval weight, number of pupae, pupal
weight and adult emergence at the level of (.2
(exp. 3 and 4). In experiment 4 the level of 0.4
further depressed larval weight, pupation and
pupal weight compared to the level of 0.2, while
the level of 0.8 did not permit any larvae to
pupate. The level of 0.01 allyl-glycine depressed
larval weight and adult emergence while the level
of 0.02 depressed all parameters recorded with the
exception of hatchability. The level 0.01 and 0.02
of experiment 2 confirmed the results of the
experiment 1, while the level of 0.04 further
depressed larval survival and weight with zero
pupation and the level of 0.08 did not permit any
larvae to survive, on the 10th day. In experiment 3
the highest level 0.05 DL-ethionine depressed
larval weight when compared to the control. In
experiment 4 the level of 0.1 depressed larval
weight, larval survival and pupation and the level
of 0.2 further depressed the above parameters.
Hatchability and adult emergence was not
affected.

In experiment | L-glutamic acid-y-hydrazide
at the level of 0.05 depressed significantly larval
survival and larval weight but not pupal weight
and adult emergence. It is of importance that
hatchability was not affected statistically even by
the highest levels used (0.20 and 0.40) when
compared to the control. L-glutamic acid-y-hy-
drazide progressively depressed larval survival
from the level of 0.025 (exp. 2) when compared to
the control and did not permit any larvae to
survive at the level of 0.10. Thiaproline (expt. 3)
did not affect statistically any of the parameters
recorded up to the level of 0.2 and depressed sig-
nificantly larval survival, larval weight and pup-
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TABLE 1. Effect of the amino acid analogues upon egg hatching, larvae, pupae and adult emergence of the olive fruit {1y,
when added to a larval artificial diet .

Exp.  Analogue, Hatch- No. of Larval No. of Pupal Adults,
no. % in diet ability, larvae/g weight, pupae/g weight, 9 on
% diet mg diet mg pupae

L-canavanine

I Control 75% 33 250 2.8° 5.9° 75
0.0025 78* 3.5° 2.6° 2.7 6.0° iy
0.005 65" 3.0 28 Z5M 56w 61°
0.01 75" 2.8 ZA%® 1.9° 5.3" 40°
0.02 52° 2.7 1.8° 21° 5:3° 39"
2 Control 83" 3.7 2.8 2 6.0° 78"
0.01 76 3.2¢ 2390 220 5.7 59"
0.02 55" 3.4° 15® 2.0° 5.1% 36°
0.04 44b 0.7" 1.0° 0.0 — —
0.08 41° 0.0 — — — —

D-cycloserine

3 Control 72 2.6 1.7 2.4 6.2* B3*
0.003125 75 2. 1.6° 2.3% 6.1° 79*
0.00625 74 1.9% 1.6 5.6 84°
0.0125 69 1% 8™ 06" 54° 75
0.025 i 0.4¢ 0.6° 1.0¢ 4.5° 35°

4 Control 76 27" 1.8* 25" 5.8" 91*
0.0125 g 0.6" 0.9° 04" 5.3t 66"
0.025 68 0.2¢ 0.5° 0.1¢ 4.1° 13°
0.05 71 0.0 — — — —
0.1 58 0.0 — — - —
L-DOPA

1 Control 89 34 1.9 2.1 6.0° 90"
0.025 83 32 1.6 2.3° 6.2" 92¢
0.05 85 3.0 s g 26" 6.1" 91*
0.1 78 2.8 1.1 2.0? 59 T2
0.2 80 29 0.7¢ 0.8° 4.5 4°

2 Control 81 2.4° 1.8* 2:1* 6.5" 934
0.05 75 2. 1.6" 1.7 (T 92*
0.1 70 2.0° (i o 1.7* 6.0° 71
0.2 84b 2.0¢ 0.8° 0.9" 4.9° 25°
0.4 76 0.9" 0.4¢ — - —
DL-DOPA

3 Control 80 28 21" z2.5" 59" 78"
0.025 80 2.3 .1 2.1 6.0* 79*
0.05 78 2.5 1.9* 2.2¢ ARy 78"
0.1 78 2.2 1.8% Z 57 75°
0.2 68 24 1.4° 1.6° 599 54°

4 Control 67 v 1.3* 2.3" 5.7 74
0.1 74 3.0 E1 2.0° ST 63"
0.2 70 2.T 0.9" 1.0 W b 30°
04 67 2:5* 0.4° 0.1¢ 3.5¢ 298

0.8 72 1.6" 0.1¢ — — s
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Exp.  Analogue, Hatch- No. of Larval No. of Pupal Adults,
no. % in diet ability, larvae/g weight, pupae/g weight, % on
Yo diet mg diet mg pupae

Allyl-glycine

1 Control 76 2.0° 2.0 1.9 59° 8s¢
0.0025 72 1.9¢ 1.9 1.8 6.1° 96"
0.005 68 23 1.6" 2.0 6.1° 86"
0.01 67 1.9 1.4 1.6 S 54°
0.02 64 17" 0.7° 0.7 4.9 —

2 Control 78 2.2} 2.0 2.0t 6.2* 92*
0.01 75 2.3" 1.3° 1.9 7 g 7
0.02 76 22" 0.6° 0.8 5.1 0
0.04 69 0.5° 0.1¢ 0.0 — —
0.08 61 — — — — -
DL-ethionine

3 Control 78 29 1.9* 26 6.4 83
0.00625 77 2.8 1.8" 24 6.3 86
0.0125 65 341 Z1* 21 59 80
0.025 70 29 1.6° 1.9 6.2 89
0.05 68 27 0.9" 1.8 6.0 89

4 Control 73 3.0t 2.0 2.7 6.2 81
0.025 69 2.8 1.8° 2.3 6.3 83
0.05 64 g el 0.7° 1.9 6.4 78
0.1 70 1.5° 0.4¢ 0.8 6.4 92
0:2 63 0.8 0.1¢ 0.3 58 87

L-glu-y-hydraz

1 Control 73 2.8° 1.4* 1578 6.7 94
0.05 61 0.9° 0.8° 0.6" 59 71
0.1 64 0.1° 0.1¢ 0.0 — —
0.2 61 0.0 — - — —_—
0.4 57 0.0 — — — —

2 Control 78 2.6" 2.1* 24 5.5 87
0.0125 82 1.9% 1.8% 1 5.8 80
0.025 87 1.3° 2.3% 1.0° 59 85
0.05 69 1.1° 1.2° 0.8° 53 63
0.1 75 0.0 - - — e
Thiaproline

3 Control 82 3.5" 1.4 2.7 6.6 76
0.05 76 .07 ) Wiz 2.7 6.5 92
0.1 71 2.4° 1:5* 2. 6.7 88
0.2 71 T 1.4* 2.4 6.6 82
0.4 69 1.0° 0.9° 1.5% 6.3 72

4 Control 73 3.29 1.5* 2.6* 6.3 80
0.2 70 3.00 1.4% 24" 6.4 90
0.4 68 1.8° 1.0% 1.3° 6.3 88
0.8 67 0.8° 0.7° 0.0 — —
1.6 7 0.0 — — — —

'Means in the same column followed by the same or no letter do not differ significantly, at the 0.05 level of probability by
Duncan’s new range test, in each experiment.
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ation at the level of 0.4 when compared to the

control. The level of 0.8 (exp. 4) further depressed '

larval survival and weight, did not permit any
larvae to pupate, while the level of 1.6 did not
permit any larvae to survive. Hatchability, pupal
weight and adult emergence was not affected by
any of the levels which permitted pupation.

L-canavanine was found to affect other insects
when included in the diet. Thus, it inhibited
growth and arginase activity of Tribolium casta-
neum (Herbst) at the concentration of 36 mM/Kg
diet (Harry et al. 1976), inhibited growth of An-
thonomus grandis (Boheman) at 100 mg/100ml
(Vanderzant and Chremos, 1971). It seems that
olive fly larvae are more sensitive to the L-
canavanine than other insects studied. In addition
L-canavanine suppressed growth and caused
various malfunctions when it was administered in
various ways into the body of insects (Isogai et al.
1973, Dahlman and Rosenthal 1975, 1976,
Rosenthal and Dahlman 1975, Palumbo and Dahl-
man 1978, Dahlman et. al. 1979 and Dahlman
1980).

L-DOPA inhibited growth and pupation in
Agrotis ipsilon (Hufnagel) (Reese and Beck,
1976) and it gave abnormal pupation in Spodo-
ptera eridania (Craner) (Rehr et al. 1973). At
present DL-DOPA is ten times cheaper than L-
DOPA. DL-ethionine at the level of 0.07% in-
hibited reproduction of Pseudosarcophaga affinis
(Fallen) (Hegdekar 1970), while it did not depress
pupal weight and adult emergence of the olive
fruit fly even at the highest level used (0.2). The
survived larvae gave normal pupal weight and
adult emergence, but it took much longer period
for the larvae to pupate (15 to 18 days) at the
highest DL-ethionine levels used (0.1 to 0.2)
when compared to the control (14 days). In the
experiments with L-glutamic acid-y-hydrazide
and thiaproline the survived larvae gave pupal
weight and adult emergence equivalent to the
control but time to pupation was longer than the
control.

It seems that under the experimental conditions
employed larval survival at the 10th day and at
pupation was the most reliable criterion for
determining the inhibition level of the chemicals
tested with the olive fruit fly. On the contrary
larval weight in most cases recovered due to
longer larval period and in some cases when
larvae pupated attained a pupal weight equivalent
to the control as in the case of DL-ethionine, L-
glutamic acid-y-hydrazide and thiaproline. A
study with adult olive fruit flies showed that L-
canavanine, DL-allyl glycine, D-cycloserine and

L-glutamic acid-y-hydrazide affected survival and
reproduction at higher dietary concentrations
(Zografou et al. 1998), than used in the present
study. Thus, survival was depressed at the con-
centration of 1.5 gr/100 ml diet for L-canavanine,
3 for DL-allyl-glycine, 0.25 for D-cycloserine,
and 1.5 for L-glutamic acid-y-hydrazide. Thiapro-
line did not affect survival even at the highest
level used (10gr/100 ml diet). Some explanations
have been given for the detrimental effects of the
amino acid analogues on the olive fruit fly (Zo-
grafou et al. 1998). Also it is possible that, speci-
fically for the larvae, these effects are due to
creation of amino acid deficiencies, imbalances
and toxicities (Manoukas 1981) in relation with
the free amino acid pool formed at different stages
of this insect (Manoukas 1972). On the other hand
the olive fruit mesocarp in which the larva feeds
exclusively in nature contains very low amounts
of free amino acids (Manoukas et al. 1973) com-
pared to the artificial diet (Manoukas, 1989). Be-
cause of the unique relationships of the olive fruit
with the free amino acids, further work on amino
acid analogues may lead to a new approach for the
management of this insect.
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Exidpaon TovV avaloyov apuvoEEmv oty avamTuEn ®at
emPioon Tov meovupngoy Tov Adxov s eldg Bactrocera oleae
(Diptera: Tephritidae)

Al MANOYKAZX
Ivotirovte Biodoyiag EKEPE “Anudxoirog”, Abjve 15310

HHEPIAHWH

MeheniBnue n emidoaon oxto un mowteivivay apwvoEéwv (L-canavanine, D-cycloserine, allyl-
glycine, L-glutamic acid-y -hydrazide, DL-ethionine, L-$-3,4 dihydroxyphenyl-alanine [L-DOPA],
DL-p-3,4 dihydroxyphenyl-alanine [DL-DOPA] #au thiaproline) mov mpootébnray oe €va texvi-
0 OUTNOECLO, TTAVW TTNY EXALOMATTTIROTITTO TV ALY MV, OTNV EMLRION TOOVUIEQEHY, 0TO fGO0g o0~
VUpQOY, 0to Bdpog Vupgav xar omv €£0d0 tehelmv Tov Adrov g ehdc Bactrocera oleae,
(Gmelin) (Diptera: Tephritidae). H empimon »a 1o fdoog Tmv moovupgdy pewnbixe otanot-
#OC ONUOVTIRA, 0TS GACL TC AVALOYOL TWY pVOEEmY TTou dorudotnzay. To BAROg TmY VURQEV KoL
1 €£0d0¢ TV TEAelmv pElOONRE amd my L-canavanine, D-cycloserine, L-DOPA, DL-DOPA o
allyl-glycine. Ané 6ha e avahoyo apuvoEEwy pévo 1) L-canavanine moQepunodioe ™y exnohoyn
TV avyoy. H HElmon Tov TapapETomy Tov EmOeaotnioy neyaiwoe pe my avEnon e ouyre-
VIPOOEWS TV avahGywv apvoEEmy mov doxpdotinuay. OLTEOVILQES TOV TEQLOOOTE DMV TTELDUL-
HOTRMY OITNOECTMY YOEAOBNHAV TEQLOOGTEQD YOOVO Yitt VOIQWON 08 OUYROLOY HE EXELVES TOV
pdoTuoa.
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