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Amino acids essential for the growth of N. lugens nymphae were investigated. Insects
were fed on the synthetic diet MED-1 lacking one amino acid from immediately after hatching.
All the N. lugens nymphae were able to develop into adults in the absence of any one of the
amino acids; therefore no single amino acid is essential for their growth. Growth, however,
was markedly delayed in a diet lacking either cysteine, histidine or methionine. The insects
developed into adults even when reared on a diet containing neither cystine or cysteine, but
all died at the Ist instar when cystine, cysteine and methionine were eliminated from the diet
at the same time.

INTRODUCTION

Leafhoppers and planthoppers were first reared on a holidic diet by Kovama and
MitsunasHI (1969), and improvement of the diet and of the rearing method has enabled
raising of the following species on such diets; Laodelphax striatellus FALLEN (MrTSUHASHI
and Kovama, 1971), Recilia dorsalis MotscHULSKY and Nephotettix cincticeps UHLER
(Kovama, 1973), Macrosteles fascifrons StAL (Hou and Brooks, 1975), Nilaparvata
lugens StAL (Kovama, 1979), Sogatella furcifera HorvATH (Kovama and MitsunasHI,
1980), and Sogatella longifurcifera Esax et Isuinara (Kovama et al., 1981).  Only a few
studies have been made on the nutritional requirements of these insects: on amino acid
(Kovama and Mirtsunasai, 1975), vitamin (Kovama and Mrrsunasui, 1977) and
microelement (Kovama and MrrsunasHi, 1979) requirements for nymphal growth of
L. striatellus FaLLEN. For N. lugens, the survival period of the larvae on a water solu-
tion of several sugars (Kovama, 1981) and the effect of sugars on nymphal development
(Kovama, 1985) has been examined. This paper reports the amino acid requirements
of nymphae of N. lugens.

MATERIALS AND METHODS

The N. lugens used in this study were originally collected in Saitama Prefecture,
and were reared for successive generations in small test tubes since May 1975 on rice
seedlings at 25°C under 16-hr illumination. The container for rearing them on synthetic
diets was the same as reported previously (Kovama, 1979). In all experiments, nym-
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phae were used without contact with rice seedlings. The methods of collecting the eggs
and rearing the insects were the same as reported previously (Kovama, 1979). Each
amino acid tested was eliminated from the basic synthetic diet, MED-1, in this study
(Table 1.). The insects were reared under long-day condition (16-hr illumination)
at 25°C throughout the experiment, and the sachet containing the diet was replaced
every other day. One hundred individuals were reared in each group, and the number
of days required for molting, adult eclosion and death were recorded.

RESULTS

Figure 1 shows the average nymphal period for N. lugens reared on the MED-1
diet from which amino acids had been eliminated one by one. This figure shows that

Table 1. Composition of amino acids in MED-1 diet (mg per 100 m/)

L-Alanine 100 L-Isoleucine 200
7-Aminobutyric acid 20 L-Leucine 200
L-Arginine hydrochloride 400 L-Lysine hydrochloride 200
L-Asparagine 300 L-Methionine 100
L-Aspartic acid 100 L-Phenylalanine 100
L-Cysteine 50 L-Proline 100
L-Cystine hydrochloride 5 DL-Serine 100
L-Glutamic acid 200 L-Threonine 200
L-Glutamine 600 L-Tryptophan 100
Glycine 20 L-Tyrosine 20
L-Histidine 200 L-Valine 200
pL-Homoserine 800

50r

40

w
=]
T

FRIARYRRTISNR

Nymphal duration in days
~
]

10}
L A e | I W W SR 1 L

0( ll?;l ’éll | NN NN S 1 H
[
k) 2 Z Z 2
= -] s _ @ E o -
B 8 2 M A& L, 9 88 »@w g 220G 20 =
E<C £ 42T OOV EZT LI TS EaBE &S
L 2 O e O e e et et T T A A A B O

Diets

Fig. 1. Nymphal period of N. lugens reared on MED-1 diets lacking single amino acids.
® : average+standard deviation.
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Fig. 2. Adults obtained of N. lugens reared on MED-1 diets lacking single amino acids.

Table 2. Survival of N. lugens within 19 days after hatching (%)

1 3 5 7 9 11 13 15 17 19
MED-1 95 62 58 56 55 54 51 44 41 40
(Complete)
-Ala 89 57 52 46 44 43 43 43 41 39
-GABA 93 72 64 58 55 53 52 50 49 46
-Arg 93 75 64 60 57 57 56 56 55 55
-Asp (NHgz) 95 84 74 65 64 59 55 54 52 51
-Asp 100 75 58 52 47 40 37 34 32 30
-Cy-SH 88 65 49 41 33 29 29 29 29 29
-Cys 85 58 53 46 44 40 39 38 26 22
-Glu 82 48 38 36 33 33 32 29 28 27
-Gly (NHz) 92 67 65 53 50 48 45 45 41 36
-Gly 95 55 47 38 36 35 32 30 29 29
-His 67 34 30 27 24 24 22 21 21 21
-Hom 99 65 62 44 42 37 35 34 34 32
-I-leu 89 65 45 43 41 40 40 38 38 38
-Leu 91 62 49 40 36 34 34 34 33 33
-Lys 93 59 53 48 42 42 40 40 39 39
-Met 88 58 40 29 27 25 19 16 16 15
-Phe 96 74 67 63 60 59 57 56 56 55
-Pro 83 64 59 57 53 50 50 50 48 47
-Ser 89 50 43 39 33 29 28 28 27 27
-Thr 90 63 50 45 44 42 41 40 40 35
-Try 94 57 39 34 29 27 25 24 24 24
-Tyr 91 71 59 52 52 47 47 47 43 40
-Val 94 64 51 46 44 43 42 42 42 42
~all Amino

acids 93 57 42 33 24 11 5 1 0
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the nymphae developed completely in the absence of any single amino acid. However,
the nymphal period was longer when nymphae were reared on a diet lacking cystine,
histidine or methionine. The percentage of nymphae developing into adults tended to
decrease with an increase in the nymphal period except for those grown without arginine
(Fig. 2). Most of the deaths during the nymphal period occurred immediately after
hatching. M. lugens could survive for only 15 days on a diet that lacked all amino acids
(Table 2).

The optimum concentrations of cysteine, cystine which was also examined because
cysteine is oxidized into cystine in the diet methionine and histidine were examined,
because lack of these amino acids delayed nymphal growth, and decreased the percentage
of adult eclosion.

In the absence of both cysteine and cystine, the nymphae were able to grow into
adults, but the nymphal period was greatly extended. However, when all 3 sulfur-
containing amino acids, cysteine, cystine and methionine, were eliminated at the same
time, all of the nymphae died in the first instar.

Cysteine was not an essential amino acid, but the growth of the nymphae was pro-
moted with the addition of cysteine in the MED-1 diet. Cysteine at a concentration of
1/4 that of the complete MED-1 diet (12.5 mg/100 m!/) gave the highest percentage of
adult eclosion among the concentrations tested (Fig. 3). It was not determined that
this concentration was optimum, however, because experiments were not made on
cysteine at concentrations of 50 mg/100 m/ or more.

Cystine was not an essential amino acid, but in the total absence of cysteine and
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Fig. 3. Effect of the concentration of cysteine Fig. 4. Effect of the concentration of cystine
in MED-1 diets lacking cystine on nymphal hydrochloride in MED-1 diet lacking cysteine on
period and percentage of adults obtained. @: nymphal period and percentage of adults ob-
average-+standard deviation. tained. @ : averaged-standard deviation.
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Fig. 5. Effect of the concentration of methio- Fig. 6. Effect of the concentration of histidine
nine in MED-1 diet on nymphal duration and in MED-1 diet on nymphal period and per-
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standard deviation.

cystine, the growing period was markedly prolonged, although some nymphae developed
into adults. Even when cystine equivalent to 1/2 of the concentration in the complete
MED-1 diet was added, growth was not promoted, and the percentage of nymphae
developing into adults was still low. The optimum concentration of cystine was pre-
sumed to be 5 mg/100 m/ or more (Fig. 4).

Absence of methionine decreased nymphal survival to below 10%,, and nymphal
growth was markedly delayed. In the presence of methionine, the growth of the nym-
phae was promoted, and the percentage of nymphae developing into adults was increased
(Fig. 5).

In the absence of histidine growth was delayed, and the percentage of nymphae
developing into adults was low. Histidine at less than 1/2 (100 mg/100 m/) the con-
centration of that contained in the complete MED-1 diet did not improve the growth
of the nymphae or the percentage developing into adults. The optimum concentration
of histidine was estimated to be 200 mg/100 m/ or more (Fig. 6).

DISCUSSION

From the experiment in which individual amino acids were eliminated one at a
time, it was concluded that no amino acid is essential for the nymphal growth of N.
lugens. This is very different from other insects whose nutritional requirements have
been studied, in many of which the following 10 amino acids are essential; arginine,
histidine, isoleucine, leucine, lysine, methionine, phenylalanine, threonine, tryptophane
and valine, similar to mammals. Even another species in the same family, L. striatellus,
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required cystine or cysteine and methionine as amino acids essential to the growth of
nymphae (Kovama and Mitsunasuz, 1975).

Comparison of the amino acid requirements of N. lugens with L. striatellus shows
that the nymphae of L. striatellus cannot develop into adults in the absence of either
cysteine or cystine, whereas N. lugens can, even when both substances are deleted from
the diet simultaneously. Methionine is also essential for the growth of the nymphae of
L. striatellus but not for N. lugens. All nymphae of both species, however, died at the
Ist instar when these three sulfur-containing amino acids were eliminated from the diet
together. These results clearly show what sulfur-containing amino acids are important
for the growth of L. striatellus and N. lugens.

The amino acid requirement of aphids has been examined for Mpyzus persicae and
Aphis fabae. 1In M. persicae, methionine, histidine and isoleucine, have been reported
to be essential (Dapp and KrIEGER, 1968) and for Aphis Jfabae, alanine, histidine, methio-
nine, proline, serine, cysteine, phenylalanine and tyrosine are said to be necessary
(LECkSTEIN and LLEwELLVN, 1973, 1974). 'This also shows that amino acid require-
ments vary even among insects of the same family. Generally, the nutritional require-
ment of hemiptera is qualitatively smaller than insects of other orders. This might be
because of the presence of symbiotic microorganisms which produce the substances
essential to the host insect. In N. lugens, symbiotic yeast-like organisms are present in
the mycetocytes in its abdomen which may be able to produce various substances
necessary for growth of the species. It may also be possible that some amino acids can
be replaced by others. Lastly, the balance of each amino acid may be important.
The elucidation of these points as well as the role of the symbiotic organisms are questions
remaining to be answered in the future.
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