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AXMATEHEREEAMFKIEREEE (Nephotettix cincti-ceps) HEaEB RIEERE 2 EEFK - HIOBLNERE
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HEBIPREZZEM(prol-ine) TRBEFEEB AR - BEBELSMg/I00MIZEERENREBVAREREES  BEESNE
TR BIRMUEASMg/I00mIEERE 2 BN ElE - HEREERZE%1.789ug/mg 28 - HEEKEEEREY
ZEM8M0 -
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DIETARY REQUIREMENTS OF NEPHOTETTIX CINCTICEPS FOR
AMINO ACIDS AND CHOLESTEROL

Lian-chang Lin and Roger F. Hou
Department of Entomology
National Chung Hsing University
Taichung, Taiwan
Republic of China

ABSTRACT

Dietary requirements of the rice green leafhopper, Nephotettix cincticeps,
for amino acids and cholesterol were studied by feeding it on a holidic diet. Dele-
tion of arginine or phenylalanine among 10 ‘essential’ amino acids exhibited no
detrimental effect on growth and adult emergence of the leafhopper, but omission
of methionine caused 100% mortality of the nymphs. The leafhoppers can be
reared on a diet containing 23 amino acids, but they are unable to live on the
diet with 10 ‘essential’ amino acids only.

Group deletion of aspastic acid, asparagine, glutamic acid, and glutamine;
or cysteine and cystine; or cysteine, cystine, and methionine from diets supported
poor development. Deprivation of proline from 13 ‘non-essential’ amino acids
did not markedly affect leafhopper growth,

Cholesterol was found suitable for the leafhopper growth and development
at 5Smg/100ml. Analysis of the tissue cholesterol revealed that the leathoppers
fed on the diet containing 5mg/100ml cholesterol have a content, ie., 1.78914/mg
dry wt., similar to those insects from rice seedlings.

INTRODUCTION

Nutritional requirements of plant-sucking insects, especially aphids and planthoppers,
have been extensively studied (Mittler, 1976; Hou, 1977; Koyama and Mitsuhashi, 1979).
Some dietary components may exert specific functions in this group of insects, for ex-
ample, certain amino acids as phagostimulants or ovipositional factors; cholesterol as an
imaginal moulting factor; folic acid as a wing-morph factor, etc. (Mittler, 1967; Mitsuhashi
and Koyama, 1974; 1977; Hou and Brooks, 1975; Srivastava and Auclair, 1975). However,
little is known about dietary requirements of the rice green leathopper, Nephotettix
cincticeps, which is one of the major vectors of rice diseases in Far East Asia. Since a
holidic diet and feeding method has been developed for rearing this insect (Hou and Lin,
1979), it is of particular interest to study whether some dietary components are as im-
portant in leathopper growth and development as they are in other animals. This report
presents investigations on requirements of the rice green leathopper for cholesterol and
individual or groups of amino acids. Analysis of tissue cholesterol as affected by different
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dietary levels was conducted to elucidate the optimal dietary concentration.
MATERIALS AND METHODS

Insects and the diet

Stock cultures of V. cincticeps were maintained for several months on rice seedlings
which were water<ultured in a 9-cm Petri dish at 25° + 2°C in the laboratory, offspring
of these insects were used for the experiments. Newly hatched nymphs were used in the
feeding tests.

Composition of the standard diet is shown in Table 1. The feeding diets were pre-
pared according to procedures described by Hou and Brooks (1975). Deletion of indivi-
dual dietary ingredients or components in groups from the standard diet was conducted
to examine their nutritional effect. Feeding tests were carried out in a growth chamber
(Sherer Cel-8, Kysor Industrial Corp., Michigan, USA) with 25° + 1°C and 85 + 5% R.H.
The criteria used for estimating nutritive value of various diets were comparisons of cumu-
lative nymphal mortality, nymphal period, and adult emergence. Each treatment was
replicated three times, and the data were analysed by the Duncan’s multiple range test at
5% level.

Table 1. Compbsition of the standard diet for the rice green
leathopper, Nephotettix cincticeps.

I. Amino Acids mg/100 ml
L-alanine 40
L-arginine (Free base) 160
L-asparagine 120
L-aspartic acid 40
L-cysteine (Free base) 20
L-cystine 2
v-amino butyric acid 8
L-glutamic acid 80
Lglutamine 240
Glycine 8
L-histidine 32
DL-homoserine 320
L-isoleucine (D-Allo) 80
L-leucine 80
L-lysine HCl 80
L-methionine 40
L-phenylalanine 40
L-proline 40
L-serine 40
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L-threonine 80

L-tryptophan ; : 40
L-tyrosine ‘ ‘ 8
L-valine ' 80
II. B-Vitamins & Lipogenic Factors
Biotin 0.05
Calcium pantothenate 2.50
Folic acid : 0.25
Nicotinic acid : 5.00
Pyridoxine HC1 1.25
Riboflavin 0.25
Thiamine HC1 1.25
Choline chloride - 25.00
i-Inositol (meso) 25.00
III. L-Ascorbic acid : ‘ 100.00

IV. Trace Metals

CuCl, - 2H,0 0.051
FeCl; - 6H,0 ‘ 0.534
. MnCl, - 4H,0 : 0.100
CaCl, 0.444
Zn-sequestrene 0.160

V. Cholesterol Dispersion

Cholesterol 5.0
Lecithin (Vegetable) 5.0
Tween 80 ' 100
CL. Others
Na citrate 10.0
MgSO, « 7TH,0 242.0
KH, PO, 250.0
Sucrose 5000.0
VII. pH 6.8 adjusted with 1.75 M KOH

Amino acids and vitamins were purchased from the Sigma Chenical Co., St. Louis, Mo., U.
S.A.; Cholesterol, lecithin and Tween 80 were obtained from the ICN Nutritional
Biochemicals Corp., Clevelnad, Ohio, U. S.A.
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Quantitative analysis of cholesterol concentration of the leafhopper tissues

The standard curve was made using the method described by Zlatkis and Zak (1969).
The working standard of cholesterol was prepared by dissolving 100mg dry cholesterol
in 100ml glacial acetic acid, and then further diluting to 0, 20, 40, 60, and 80mg/100ml.
Color reaction was obtained by pipetting 0.1ml of each working standard into 2ml o-
phthalaldehyde reagent (50mg o-phthalaldehyde in 100ml glacial acetic acid), mixing
well and then adding slowly 1ml concentrated H,804 (A.R) from the top. After 10
minutes, absorvance at 550nm was read against a reagent blank by a spectrophotometer
(Beckman Model BD-GT 1405). A linear regression equation (Y = 0.01505 + 0.01909X)
was found to express the correlation between optical density and cholesterol concentra-
tions.

The extraction technique for tissue cholesterol was modified from the methods by
Saxena and Gohain (1974) and Zaidi and Khan (1972). Newly moulted 5th instar nymphs
were collected from those fed on various cholesterol concentrations and on rice seedlings.
The insects were first washed with distilled water and dried over filter papers, they were
thenvmacerated. and homogenized with 3ml double distilled water, and centrifuged at
5,500 rpm for 30 min. The supernatant was discarded, and the residue was dried with
an air blower. The dried homogenates were weighed and extracted with 2ml chloroform/
methanol mixture (2 : 1, v/v) in a tube; the supemnatant, regarded as the choloesterol
extract, was then further centrifuged at 7,000 rpm for 30 min. Each extract was reduced
to dryness in a water bath (70°C), and residue was analysed by the same method as used
for the standard.

RESULTS AND DISCUSSION

Requirements for amino acids

Nutritional requirement for each of the 10 ‘essential’ amino acids was examined by
individual deletion. Table 2 shows that adult emergence of the leafhopper is not markedly
affected by individual omission of arginine or phenylalanine, and that deletion of leucine
does not exhibit any significant difference in adult emergence compared to the complete
diet. On the other hand, single deletion of other essential amino acids retarded nymphal
growth and caused higher mortality to some extent.

It was reported that only histidine, isoleucine, and methionine were essential for
Myzus persicae, whereas alanine, cystine, histidine, methionine, phenylalanine, proline,
serine, and tyrosine were indispensable for rearing Aphis fabae (Dadd and Krieger, 1968;
Leckstein and Llewellyn, 1973). Since we tested only the 10 amino acids essential for
the rate, effects of some ‘non-essential’ amino acids, e.g., alanine, cystine, serine, and
tyrosine on growth of the leafhopper are uncertain. The omission of proline showed that
this amino acid is not required for adult emergence, but that without proline the nymphal
period is slightly prolonged (Table 3).

High mortality of the 1st instar nymphs occurs on single deletion of methionine,
tryptophan, histidine, and valine, causing poor adult emergence later (Table 2). Koyama
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Table 2. Effects of single deletion of 10 ‘essential’ amino acids from a diet
containing 23 amino acids on Nephtettix cincticeps

Amino acid Initial insects Cumulative nymphal mortality (%) ”WH%% . oawwmﬂooo\
deleted tested Ist 2nd 3rd 4th 5th (days) %

Arg 29 69 20.4 34.8 412 47.6 216 52.4 abc
His 36 17.0 289 424 602 80.3 22.5 19.7fF
Tle 37 13.5 29.6 40.9 50.1 56.2 24.0 438cd
Leu 47 127 27.5 382 482 52.8 23.1 472 bed
Lys 32 12.5 304 4338 51.4 60.3 24.6 39.7d
Met 39 62.0 78.5 92.4 100.0 - - 00h
Phe 36 16.4 39.5 342 417 488 224 51.2 abe
Thr 42 72 21.5 38.6 51.8 58.1 238 4194
Trp 39 52.4 42.0 51.4 60.6 71.1 23.2 289e
Val 34 3822 56.9 66.0 79.7 90.8 25.1 92¢g
None?/ 37 5.4 21.3 328 39.6 45.5 212 55.5 ab
Check?/ 40 2.5 6.0 9.0 24.5 408 20.3 1 592a
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a/ Oncomplete diet.
b/ On rice seedlings.
¢/ Means followed by the same letter are not significantly different at 5% level.




Table 3. Effects of group deletions of some amino acids on growth and development of Nephotettix cincticeps

Initial . . Nymphal Adult
hal mortal

Amino acids insects Cumulative nymphal mortality(%) y period - emergence®/
deleted tested Ist 2nd 3rd 4th 5th (day) (%)

10 ‘essential’ 42 64.2 100.0 — — — - 0 c
amino acids

13 ‘non-essential’ 33 54.6 82.4 100.0 - - - 0 c
amino acids ,

v-Aminobutyirc acd 39 18.0 29.6 384 464 55.2 24.6 44 8 b
& dl-homoserine

asp, asn, glu, & 38 31.5 59.4 89.2 100.0 — - 0 c
gin

Cysteine & cystine 39 284 42.5 81.0 925 100.0 - 0 c

Cysteine, cystine 38 398 584 80.5 100.0 - - 0 c
& methionine

Proline - 38 10.6 2.6 304 382 46 .4 22.8 53.6 ab

ZObow\ . 37 54 213 32.8 396 455 21.2 555 a

Check?/ ‘ 40 25 6.0 9.0 245 408 20.3 592  a

a/ On complete diet. b/ On rice seedlings. ¢/ Means followed by the same letter are not significently different at 5% level.
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and Mitsuhashi (1975) found that only methionine and cystine (or cysteine) were essential
for the smaller brown planthopper, Laodelphax striatellus, based on nymphal period and
adult emergence in the first generation. Srivastava and Auclair (1975) reported that leu-
cine, methionine, phenylalanine, tryptophan, and valine were phagostimulatory to A4-
cyrthosiphon pisum. - Methionine, in particular, was reported as a phagostimulant for M.
persicae and an essential amino acid for protein synthesis in A. pisum (Leckstein and
Llewellyn, 1974). Omission of methionine in the present study resulted in 100% mortality,
even though we added MgSO,4 * 7H, O to supplement the sulphur source. Similarly, Hou
(1976) found that the aster leafhopper, Macrosteles fascifrons, needs methionine and va-
line for nymphal survival. It is thus clear that four of the 10 ‘essential’ amino acids, viz.,
methionine, tryptophan, histidine, and valine are particularly required by this leathopper.

Only arginine and phenylalanine among the 10 ‘essential’ amino acids can be eli-
minated from the diet without affecting both growth and development of N. cincticeps
(Table 2). Seven of these amino acids could be deleted from a diet for M. persicae (Dadd
and Krieger, 1968), and intracellular symbiotes were suggested to be involved in the
biosynthesis of these omissible amino acids in the aphid (Mittler, 1971). It seems that
the symbiotes in this leafhopper are unable to do so.

The effects of group deletions on growth and development of the leafhopper are
shown in Table 3. The insects failed to moult and to complete their development when
given 10 ‘essential’ or 13 ‘non-essential’ amino acids only. Jyotsna (1976) reported that
the bug, Dysdercus similis, reared on ‘essential’ or ‘non-essential’ amino acids only could
not reach maturity. Deprivation of sulphur-containing amino acids, i.e., cystine, cysteine,
and methionine, halted adult emergence. Tumer (1971) reported that this group of amino
acids is essential for the growth of the cotton aphid, Aphis gossypii. Omission of aspartic
acid, glutamic acid, asparagine, and glutamine as a group prevented the leafhoppers from
normal growth. Dadd and Krieger (1968) also found that the growth of M. persicae was
inhibited by the deletion of these amino acids. Auclair et al. (1957) revealed that aspartic
acid, glutamic acid, asparagine, and glutamine are found in some aphid-susceptible pea
plants in relatively high amounts. Sogawa (1972) pointed out that these four amino acids
could strongly enhance the sucking response of Nilaparvata lugens.

Deletion of y-aminobutyric acid and dl-homoserine as a group retarded the growth of
N. cincticeps (Table 3). Retnakaran and Beck (1968) indicated that omission of dl-homo-
serine did not reduce the average weight gain of nymphs in A. pisum. However, Srivastava
and Auclair (1975) reported that this amino acid is phagostimulatory to the same species.

It is concluded that N. cincticeps requires most of the amino acids formulated in
our diet for normal growth and development, although some particular amino acids can
be omitted from the mixture without markedly detrimental effect.

Requirement for cholesterol

To determine the optimal concentration, dispersions containing various amounts of
cholesterol were made up, and the final volume of each dispersion that was to be added to
the basal diet remained the same, i.e., 10ml/100m] diet. .
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Table 4. Effect of various cholesterol concentrations on growth and deveoopment of Nephotettix cincticeps

e R — o
{mg/100 mi) tested Ist 2nd 3dr 4th 5th (days) (%)
0 38 10.6 16.9 30.8 58.6 84.5 31.8 15.5 c
2.5 34 11.8 20.6 328 40.2 513 238 48.7 Wc
50 30 133 230 354 484 484 22.1 51.6 ab
10.0 34 26.6 487 679 85.7 899 22.6 10.1 c
15.0 34 322 58.0 100.0 - - - 0.0 d
20.0 38 68.2 100.0 - H - - 0.0 d
quo_nm\ 44 2.3 6.3 8.8 193 40.8 19.8 59.2 a

a/ On rice seedlings.
b/ Means followed by the same letter are not significantly different at 5% level.
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The effect of cholesterol at various concentrations on survival and development of
the leafhopper is shown in Table 4. It is indicated that a range of 2.5 to Smg/100ml is
optimal for the leafhopper in terms of adult emergence. Hou and Brooks (1975) reported
the same results in rearing M, fascifrons. Sterols, especially cholesterol, have a variety of
physiological functions in insects and need to be supplied in the diet because insects
generally lack the cholesterogenic pathway which has been proposed for microorganisms
and vertebrates (1978). However, some aphids can be reared through many generations
on chemically defined diets completely lacking sterols (Dadd and Mittler, 1966; Ehrhardt,
1968a; Srivastava and Auclair, 1971; Akey and Beck, 1972), and other hemipterous bugs
can grow and mature normally on the sterol-free diets (Srivastava and Auclair, 1970). The
poor adult emergence and prolonged nymphal period when fed on cholesterolfree diet
has revealed that N. cincticeps requires a dietary supply of sterol for its normal growth.
Akey and Beck (1972) found that addition of cholesterol to the diet is beneficial for
growth and larviposition of A. pisum. Koyama (1973) was able to improve the growth
of Inazuma dorsalis and N. cincticeps when cholesterol suspension was supplied separately.
Our results further confirm this observation.

The 15.5% adult emergence resulted from cholesterol-free diet is possibly due to a
carry-over of cholesterol from the mother and/or a lecithin compensation as mentioned
by Hou and Brooks (1975). Ehrhardt (1968b) presented evidence that the associated
symbiotes can synthesize sterols for the aphid, Neomyzus circumflexus. Clayton (1970)
stated that those insects selfsufficient in sterol requirements depend upon some form
of symbiotes for their supply. Houk et al. (1976) and Griffiths and Beck (1977) have
proved that the symbiotes harboured in A. pisum are able to synthesize cholesterol in vivo.
More recently, Noda et al. (1979) have reported that the yeastlike symbiotes may provide
24-methylenecholesterol to L. striatellus. Although the rice green leafhopper also harbours
bacteroid and rickettsialike symbiotes (Mitsuhashi and Kono, 1975), it seems unlikely
that these microorganisms may synthesize enough sterols for their host.

The nymphs died before the 3rd or 4th instar and never reached the adult stage if
fed on diet containing more than 15mg/100ml cholesterol (Table 4). We found that the
diet containing 15 or 20mg/100ml cholesterol is rarely accepted by the leafthoppers. It
is thought that high levels of dietary cholesterol can possibly change the physical properites
of diets, so that the yound nymphs are incapable of taking up the fluid.

In the determinations of the cholesterol content of the insects by a colorimetric
method, we used the color reagent, o-phthalaldehyde, instead of ferric chloride, because
the former is more sensitive in reacting with cholesterol (Zlatkis and Zak, 1969). Chole-
sterol content of 5th instar nymphs fed on diets containing various concentrations of
cholesterol is given in Table 5. We found that the more cholesterol that occurs in the
diet, the more cholesterol is detected in the insect tissues. The dietary cholesterol at
5mg/100ml makes the cholesterol content of the insects similar to that of insects fed on
rice seedlings. From the data in Table 4 and 5, it is reasonable to conclude that cholesterol
at 5mg/100ml is suitable for feeding N. cincticeps on holidic diets and that the body
cholesterol is built up in accordance with exogenous supply in the food.
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Table 5. Cholesterol content of the Sth instar nymphs of
Nepho tettix cincdiceps fed on the diets containing various
~ cholesterol concentrations

Dietary cholesterol , Tissue cholesterol content
(mg/100 mi) : (ug/mg dry wt.)
0 1.314
2.5 1.664
50 1.789
100 1.862
Check * 1.800

* Fed on rice seedlings.
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ABREREBHEERK BEBZERRK

#h  1% (E3
SAnEPNEAEE A

AXDANLARARAEBEREKERBEEE (Nephotettix cincti-
ceps ) HEREBRBEEZBRER - HIOBELTREB DI LM & AR (
arginine ) B E¥H%&E % (phenylalanine ) ¥t 2 > A 5 K ik 8 Ak 3
FEEHEZHE - (B % F s B (methionine) A3 2 100 % A% C&
- ABTHAA 23 BEEBRZHANMAE - HEEAEMES 10 BEAFAERZ
kT o

DIk BEng = RPIX &% (aspartic acid), KPIR &8 (asparagine
), B4 % (glutamic acid) BEBkE B Rk ( glutamine), AFEMEEE (
cystine) BB FEEER & B ( cysteine )5 SEERE RS - BIF ML F M P ER
ARSRE AFEEBE AR o1 13 BELAFTEER DR ELEMK (prol-
ine ) WMBELBEBIARE -

EEELIS5mE/100ms ZREZRBREBHEREREE - RERINE
ERESSHE . BELAESmE/100me BEE K % - HBKER
BRAER1.780 ug/mg BE - HEEKEHEREZSBHEU -
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