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Uric Acid as a Nitrogen Resource for the Brown Planthopper,
Nilaparvata lugens: Studies with Synthetic Diets and
Aposymbiotic Insects

Yuichi Hongoh and Hajime Ishikawa*

Department of Biological Sciences, Graduate School of Science, University of Tokyo,
Hongo, Bunkyo-ku, Tokyo 113, Japan

ABSTRACT—Planthopper harbors eukaryotic endosymbionts that are essential for normal development
and growth of the host. Our previous studies suggested the possibility that the symbionts play an important
role in nitrogen metabolism of the host through utilization of uric acid, a nitrogenous waste product. To
examine the precise role of the symbiont, we prepared synthetic diets with various concentrations of amino
acids, and measured uric acid contents stored in the insects reared on these diets. The results showed that
planthopper synthesizes uric acid not only as a waste product, but also as a storage product when it ingests
an excess amount of amino acids. We also investigated effects of the uric acid storage on growth of the
normal and symbiont-depieted host. It turned out that in nitrogen deficiency the stored uric acid is consumed
by the symbiont in order to sustain the growth of the host. In addition, we noted that the uric acid content of
the host egg is highest at oviposition, and decreases significantly with its development, suggesting that the
egg is supplied with uric acid by its parent prior to oviposition. These results are reminiscent of the nitrogen

recycling reported for cockroaches.

INTRODUCTION

Most homopterans feed only on plant saps, which are
generally poor in nitrogenous compounds with very unbal-
anced amino acid compositions (Mittler, 1958; Weatherley et
al., 1959; Auclair, 1963; Barlow and Randolph, 1978;
Fukumorita and Chino, 1982; Sasaki et al., 1990). Deficiency
in nitrogenous compounds, that in essential amino acids in
particular, is critical to all animals. Endosymbionts which most
homopterans harbor have often been suggested as playing
important roles to solve this problem (Buchner, 1965; Houk
and Griffiths,1980). In aphid, prokaryotic endosymbionts are
thought to supply amino acids, vitamins and other nitrogenous
materials to their hosts (Ehrhardt, 1968; Mittler, 1971; Houk
and Griffiths, 1980; Douglas, 1988; Douglas and Prosser,
1992), and it has been suggested that the symbionts play a
key role in the host's nitrogen recycling utilizing glutamine that
is otherwise a major nitrogenous waste product of aphid
(Sasaki and Ishikawa, 1993, 1995; Febvay et al., 1995).
Planthoppers harbor eukaryotic yeast-like endosymbionts
(Buchner, 1965; Chen ef al., 1981a). They produce uric acid
which researchers have often failed to detect in either aphid
body or honeydew, its excrements (Truskowski and
Chajkinowna, 1935; Mittler, 1958; Lamb, 1959; Sasaki and
Ishikawa, 1990; Hongoh and Ishikawa, unpublished data,
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1996), which suggested that nitrogen metabolism of
planthopper differs considerably from that of aphid. Actually,
circumstantial evidence suggested that planthopper, with the
aid of its endosymbiont, utilizes uric acid as a nitrogen re-
source. Sasaki et al. (1996) demonstrated that the whole body
content of uric acid of symbiont-depleted, or aposymbiotic,
planthoppers is significantly higher than that of the symbiotic
insects, and that the uricase activity is only detected in iso-
lated symbionts, but not in the tissues of aposymbiotic insects.
A utilization of uric acid and the symbiont’s role in it have al-
ready been reported for cockroaches and termites that are
phylogenetically distant from planthopper. In the termite,
Reticulitermes flavipes, it was shown that three species of
bacteria in the hindgut are capable of an anaerobic degrada-
tion of uric acid to the classical products of bacterial fermen-
tation including ammonia, and that the termite assimilates >N
from ingested “N-uric acids in spite of its lacking uricase
(Vogels and Van Der Drift, 1976; Potrikus and Breznak, 1977,
1981). Cockroaches are known to store uric acid, and it was
suggested that the symbionts harbored in mycetocyte adja-
cent to urate cells, specialized cells for uric acid storage, con-
vert it into a usable form for the host (Cochran, 1985).

In this study, we further investigated nitrogen metabo-
lism of the brown planthopper, Nilaparvata lugens, employing
synthetic diets and aposymbiotic insects. Results evidenced
that this insect utilizes the uric acid storage as a nitrogen re-
source with the aid of its endosymbionts in a manner similar
to that in cockroaches.
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MATERIALS AND METHODS

Insects

Brown planthoppers, Nilaparvata lugens, were maintained on rice
seedlings at 25°C under 16 hr light: 8 hr dark photoperiodic regime.
In experiments with synthetic diets, newly hatched insects within 24
hr (0 day old) were transferred to cylindrical plastic cases (6 cm diam.,
5 cm high) with moistured filter papers and parafilm-wrapped synthe-
tic diets attached on the both sides. About 50 insects were reared in
a single case. Insects feeding on the diets attained adulthood between
day 15 and 23 after hatch, depending on the concentration of the
total amino acids contained by the diets. We used the short winged
morph exclusively throughout the present study.

To eliminate the yeast-like symbionts, 0 day old nymphs were
exposed to 35°C for 36 hr (Noda and Saito, 1979; Chen et al., 1981b;
Sasaki et al., 1996). After the heat-treatment, insects were kept at
25°C as control insects.

Eggs of planthoppers were obtained by the method described by
Sekido and Sogawa (1976). Planthopper eggs laid into the solution
containing 5% sucrose and 0.004 M salicylic acid were collected and
kept in distilled water at 25°C. The eggs hatched 8-9 days after ovi-
position under these conditions.

Synthetic diets

The synthetic diet was prepared according to Mitsuhashi and
Koyama (1971) with a slight modification (Table 1). When used in
experiments, total amino acid concentrations were varied between 0
and 500 mM without any change in the other compositions.

Determination of uric acid content
Uric acid content in whole tissues of planthopper was determined
using uricase as described by Valovage and Brooks (1979) and Sasaki

Table 1. Composition of synthetic diet
(a) Vitamins, metals and other components

Vitamins mg/l Salts mg/l
Thiamin HCI 25 MgCl, 2000
Riboflavin 50 KH,PO, 5000
Nicotinic acid 100 FeCl;+6H,0 20
Pyridoxin HCI 25 CuCl,+2H,0 3.0
Folic acid 2.0 MnCl,-4H,0 8.0
Ca pantothenate 50 ZnCl, 4.0
Inositol 500 CaCl,+2H,0 30
Cholin CI 500

Biotin 1.0 Sucrose 50000
Ascorbic acid 900 Cholesteryl benzoate 5.0

(b) Amino acids for 500 mM diet*

Amino acids mM Amino acids mM
Alanine 25 Leucine 25
Arginine *HCI 25 Lysine HCI 25
Aspargine 50 Methionine 20
Aspartic acid 25 Phenylalanine 25
Cysteine -2H,0 -HCl 10 Proline 25
Glutamine 50 di-Serine 25
Glutamic acid 25 Threonine 25
Glycine 25 Tryptophan 18
Histidine 25 Tyrosine 2

Isoleucine 25 Valine 25

*Synthetic diets containing other concentrations of amino acids were
prepared by diluting this mixture, the other component shown in (a)
being kept constant.
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et al. (1996). Uric acid in honeydew was detected by reverse phase
HPLC (Sasaki et a/., 1991). We were able to identify uric acid and
determine its content at a retention time of 3.50 + 0.02 min at a flow
rate of 0.8 ml/min.

Statistic analysis

individual data were obtained using tens of planthoppers, and
summaries were expressed in the tables and figures as means + SD
of the several individual data. Relative growth rates (RGR) were cal-
culated from fresh body weight (w) of planthoppers on the formula:
RGR = (1/W)dw/dt. Data were analyzed using t-test, with a significant
level being 5% in case there is no indication.

RESULTS

Accumuiation of uric acid in the whole body

Planthoppers were reared from day 0 after hatch on the
synthetic diets. Their uric acid content of the whole tissues on
day 14, and their relative growth rate between day 4 and 14
were determined and expressed in relation to the concentra-
tion of total amino acids contained by the diet used (Fig. 1).
The relative growth rate of insects was not significantly
changed when the amino acid concentration was over 200
mM. In contrast, the amount of uric acid accumulated in their
whole tissues was increased depending on the amino acid
concentration, even when over 200 mM, and it attained four
times as much at 500 mM as at 200 mM. No uric acid excre-
tion from these insects was detected throughout the experi-
ment.
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Fig. 1. Relative growth rate and uric acid content of whole tissues
of planthopper in relation to the amino acid concentration contained
by the synthetic diet. Insects were raised on day O after hatch on the
synthetic diets containing various concentrations of amino acid as
indicated. On day 4 and 14, they were weighed to estimate the rela-
tive growth rates during the period (open circles), and on day 14 their
uric acid contents were determined enzymatically (columns). For each
measurement, three distinct groups, each consisting of about 50 in-
sects, were used. Values were expressed as means + SD (n=3).
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Changes in the uric acid content in symbiotic plant-
hoppers

To further study relationship of the uric acid content of
tissues to the amino acid concentration of the diet insects in-
gested, 0 day nymphs were raised on either 400 mM or 100
mM amino acid diet for 8 days. Subsequently, part of the
nymphs were transferred to 50 mM diet, and further reared
for 6 additional days. The rest of the nymphs were kept on the
original diets for the same period. In each experiment, the
uric acid content of the whole body tissues on day 8 and 14
were determined.

As shown in Fig. 2, in normal, or symbiotic, insects shift-
ing the amino acid concentration of the diet from 400 mM down
to 50 mM brought about an abrupt decrease of the uric acid
content, while that of the insects kept on the 400 mM diet was
steadily increased. When nymphs were raised on the 100 mM
diet, their uric acid content was kept low throughout. Down-
shift of the amino acid concentration on day 8 further lowered
its content.

Changes in the uric acid content in aposymbiotic plant-
hoppers

In an effort to estimate roles played by endosymbionts,
similar experiments as above were performed using aposym-
biotic insects (Fig. 3). When aposymbiotic planthoppers were
raised on the 400 mM diet, their uric acid content was about a
half as much as that of symbiotic ones on the same diet both
on day 8 and 14. This was mostly due to the difference of the

20

Uric acid content {(nmol/insect)

1
0 5 10 15
Days after hatch

Fig. 2. Relationship between the amino acid concentration in the
diet and the uric acid store in symbiotic planthoppers. About 50 nymphs
were raised on synthetic diet containing 400 mM (O) or 100 mM ()
amino acids up to day 8, and a third of them were determined for their
uric acid content. The rest were either kept on the same diets (solid
lines) or transferred to synthetic diet containing 50 mM amino acids
(broken lines), and further reared. On day 14, they were sacrificed for
the determination of uric acid content. Based on the triplicated ex-
periments, values are expressed as means + SD.
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Fig. 3. Relationship between the amino acid concentration in the
diet and the uric acid store in aposymbiotic planthoppers. In each
experiment, about 50 newly-hatched nymphs were kept at 35°C for
the first 36 hr to eliminate their symbionts, and raised as in Fig. 2 on
synthetic diet containing 400 mM (O) or 100 mM ([]). Values are
expressed as means £ SD (n=3). Symbols are the same as those in
Fig. 2.

body size between symbiotic and aposymbiotic insects, and
the uric acid contents per unit weight of insect were much the
same between the two (data not shown). Downshift of the
amino acid concentration to 50 mM on day 8 stopped the uric
acid increment in tissues, but did not cause such a sharp de-
crease in its content as observed with symbiotic insects.

On the 100 mM diet, the uric acid accumulation in aposym-
biotic insects was more than in symbiotic ones. The high ac-
cumulation of uric acid in aposymbiotic insects was still more
conspicuous when their smaller body size taken into consid-
eration. Downshift of the amino acid concentration on day 8
incurred a significant decrease of the tissue uric acid content.

Effect of the diet on the insect growth rate

Planthopper nymphs were raised as above, and the ef-
fect of downshift of the amino acid concentration in the diet on
their relative growth rate was determined (Table 2). In symbi-
otic planthoppers, whether raised on the 400 mM or 100 mM
diet, downshift to 50 mM on day 8 led to a significant retarda-
tion of growth. The effect was more marked when amino ac-
ids were completely removed from the diet. In contrast, in
aposymbiotic insects downshift of the amino acid concentra-
tion did not seem to be detrimental to the insect growth. lts
shift from 400 mM down to 50 mM even seemed to profit the
growth of aposymbiotic insects.

Uric acid excretion by aposymbiotic planthoppers

Uric acid was detected only in the honeydew from
aposymbiotic planthoppers reared under the conditions ex-
amined, though it is possible that symbiotic insects also ex-
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Table 2. Relative growth rate of planthoppers between 8 and14 days
after hatch

Diet Symbiotic Aposymbiotic
100 mM 0.145 + 0.004 0.073 + 0.002
100 —» 50 mM 0.091 + 0.003 0.056 . + 0.005
100 — 0 mM 0.035 + 0.000 -

400 mM 0.169 + 0.006 0.024 + 0.005
400 — 50 mM 0.130 + 0.004 0.044 + 0.008
400 — 0 mM 0.03% + 0.000 -

About 50 newly-hatched nymphs were raised on synthetic diet con-
taining 100 mM or 400 mM amino acids. For parts of insects, the
amino acid concentration in the diet was shifted down to 50 mM or
none on day 8. Insects were weighed day 8 and 14, and their relative
growth rate per day was calculated. Values are expressed as means
+ SD (n=3).

Table 3. Uric acid excretion by planthoppers on day 10 (nmol/in-
sect/day)

Diet Symbiotic Aposymbiotic
100 mM n.d.* 0.049 = 0.010*
100 — 50 mM n.d.” 0.036 + 0.005**
400 mM n.d.*** n.d.”

400 - 50 MM n.d.* 0.049 + 0.014*

Insects were reared as described under Table 2. Honeydew excreted
by 10-50 insects was subjected to the determination of uric acid us-
ing HPLC. Detection limits were 0.035(*), 0.015(**) and 0.080(***)
nmol/insect/day. Values are expressed as means + SD (n=3}. n.d.,
not detected.

creted uric acid under the limits of detection (Table 3). How-
ever, the amounts that might be excreted are too small to
account for the decrease of the tissue content of uric acid
observed in Fig. 2 when the amino acid concentration shifted
down midway.

Presence of uric acid in planthopper egg

A considerable amount of uric acid was detected in
planthopper eggs. The uric acid content was highest at the
oviposition, and it gradually decreased as embryonic devel-
opment progressed (Fig. 4). Its content of the embryo just
before hatch (7-8 days after oviposition) was as low as 53%
of that of the newly laid egg.

DISCUSSION

Although planthoppers are uricogenic just as many other
insects, they normally do not excrete uric acid, but accumu-
late the compound in their tissues (Sasaki et al., 1996). To
estimate the relationship between their nitrogen ingestion and
uric acid accumulation, we reared planthoppers on synthetic
diets containing various concentrations of amino acids, and
determined their uric acid content in tissues. As a result, it
was found that their tissue content of uric acid increases de-
pending on the amino acid concentration they ingest. In the
meantime, it turned out that the insects’ growth rate is no longer
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Fig. 4. Changes in uric acid content of planthopper during embry-
onic development. In each experiment, about 80 eggs that were laid
by 5 parents were determined for the uric acid content. Values are
expressed as means + SD (n=5).

improved when the amino acid concentration in the diets is
over 200 mM (Fig. 1). These results suggested that
planthoppers synthesize uric acid not only as a nitrogenous
waste product, but also as a storage product when they in-
gest an amount of nitrogen compounds more than they need.

That the uric acid store in planthopper tissues is used to
make up for nitrogen compounds depleted from the diet was
evident because downshift of the amino acid concentration in
the diet caused a sharp decrease in the tissue content of uric
acid (Fig. 2) without accompanying excretion of the compound
(Table 3). In addition, deleterious effect of such the downshift
on the insects’ growth was significantly less when insects had
stored more amount of uric acid beforehand by feeding on the
diet containing more amino acids (Fig. 2, Table 2). These re-
sults suggested that planthoppers spare nitrogen compounds
in the form of uric acid in provision for nitrogen deficiency they
may encounter. This strategy is just reminiscent of cock-
roaches as described by Mullins and Cochran (1975). Cock-
roaches, when fed on excess amount of nitrogen compounds,
will convert them into uric acid and store it in the urate cell as
a nitrogen resource (Cochran, 1985). Nevertheless, downshifts
of the amino acid concentration significantly retarded the in-
sects’ growth (Table 2), suggesting that no matter how much
uric acid accumulated in the tissues, it cannot fully comple-
ment nitrogen deficiency in the diet.

Although aposymbiotic planthoppers feeding on the diet
rich in amino acids accumulated uric acid in much the same
way as symbiotic ones, unlike in the latter downshift of the
amino acid concentration did not reduce the tissue content of
uric acid significantly (Fig. 3). This is taken to suggest that
endosymbionts play a pivotal role in planthopper’s utilization
of the uric acid store. As suggested previously (Sasaki et al.,
19986), the enzyme uricase present in the symbiont will initiate
the reactions necessary for the uric acid utilization. In this
context, it is intriguing that the amino acid shiftdown from 400
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mM to 50 mM significantly improved the growth of aposymbictic
insects (Table 2). Itis likely that for these insects the synthe-
sis of a large amount of uric acid, which cannot be utilized, is
nothing but a waste of energy. Uric acid excretion by aposym-
biotic insects (Table 3} may be also related to their inability of
utilizing uric acid. It is conceivable that the stored uric acid
undergoes incessant dissolution, though little by little. While
in symbiotic insects the dissolved uric acid will be used up
instantaneously by the action of the symbiont’s uricase,
aposymbiotic insects, probably, cannot but excrete it, as it is,
because of the lack of the enzyme activity.

In many uricotelic animals, embryogenesis takes place
in a semi-closed space enclosed by the thick eggshell, and
uric acid, a nitrogen waste product, tends to accumulate in
the embryonic tissue as the development progresses. In con-
trast, in planthoppers the egg content of uric acid, which was
highest at oviposition, gradually decreased with time (Fig. 4),
suggesting that planthoppers provide uric acid for their egg
as a nitrogen resource to sustain its embryonic development.
Thus, it is likely that endosymbionts are not only transmitted
to host’s progeny through eggs, but also essential to their em-
bryogenesis in utilizing the provided uric acid as a nitrogen
resource. This, again, reminds us of cockroaches, which not
only store uric acid for their own sake, but also provide the
compound for their egg (Mullins and Keil, 1980). It is highly
likely that in cockroaches the egg uric acid is utilized for em-
bryogenesis because their endosymbionts are also transmit-
ted through host’s generations by way of eggs.

For phytophagous and detritophagous insects, to secure
nitrogen resources should be a matter of paramount impor-
tance. It is well understood that one of the most efficient ways
to do so is harboring endosymbionts with the ability of nitro-
gen recycling one way or another. Among ways of nitrogen
recycling, the one that makes use of uric acid will be most
accessible because the compound is a nitrogen waste prod-
uct ubiquitous in insects. Probably for this reason, insect
groups developed symbioses repeatedly with distinct micro-
organisms with the ability of mobilizing uric acid, such as yeast-
like fungi in planthopper (Sasaki ef al., 1996) and bacteria in
cockroach (Cochran, 1985) and termite (La Fage and Nuttings,
1978). As suggested in this work, exploiting the uric acid store
is advantageous in that insects can transmit it as a resource
to the next generation. However, the fact that production of
uric acid costs much energetically might have induced some
insects, such as aphids, to seek for an alternative, more effi-
cient way of nitrogen recycling without producing uric acid
(Sasaki and Ishikawa, 1995).

REFERENCES

Auclair JL (1963) Aphid feeding and nutrition. A Rev Ent 8: 439-490

Barlow CA, Randolph PA (1978) Quality and quantity of plant sap
available to the pea aphid. Ann Ent Soc Am 71: 46-58

Buchner P (1965) Endosymbiosis of Animals with Plant Microorgan-
isms. Interscience, New York

Chen CC, Cheng LL, Kuan CC, Hou RF (1981a) Studies on the intra-
cellular veast-like symbiote in the brown planthopper, Nilaparvata

Downloaded From: https://bioone.org/journals/Zoological-Science on 29 Jul 2024
Terms of Use: https://bioone.org/terms-of-use

lugens Stal. 1. Histological observations and population changes
of the symbiote. Z Ang Ent 92: 321-327

Chen CC, Cheng LL, Hou RF (1981b) Studies on the intracellular
yeast-like symbiote in the brown planthopper, Nilaparvata lugens
Stal. Il. Effects of antibiotics and elevated temperature on the
symbiotes and their host. Z Ang Ent 92: 440-449

Cochran DG (1985) Nitrogen excretion in cockroaches. A Rev Ent
30: 29-49

Douglas AE (1988) Sulphate utilization in an aphid symbiosis. Insect
Biochem 18: 599-605

Douglas AE, Prosser WA (1992) Synthesis of the essential amino
acid tryptophan in the pea aphid (Acyrthosiphon pisum) symbio-
sis. J Insect Physiol 38: 565568

Ehrhardt P (1968) Einfluss von Ernahrungsfaktoren auf die
Entwicklung von Safte saugenden Insekten unter besonderer
Berucksichtigung von Symbionten. Z Parasitkde 31: 38-66

Febvay G, Liadouze |, Guillaud J, Bonnot G (1995) Analysis of ener-
getic amino acids metabolism in Acyrthosiphon pisum: A multidi-
mensional approach to amino acid metabolism in aphids. Arch
Insect Biochem and Physiol 29: 45-69

Fukumorita T, Chino M (1982) Sugar, amino acid and inorganic con-
tents in rice phloem sap Oryza sativa. Plant Cell Physiol Kyoto,
Japanese Society of Plant Physiologists 23: 273-283

Houk EJ, Griffiths GW (1980) Intracellular symbiotes of the Homoptera.
A Rev Ent 25: 161-187

La Fage JP, Nuttings WL (1978) Nutrient dynamics of termites. In
“Production Ecology of Ants and Termites” Ed by MV Brian, Cam-
bridge University Press, Cambridge, pp 165-232

Lamb KP (1959) Composition of the honeydew of the aphid
Brevicoryne brassicae (L.) feeding on swedes (Brassica
napobrassica DC). J Insect physiol 3: 1-13

Mitsuhashi J, Koyama K (1971) Rearing of planthoppers on a holidic
diet. Ent Exp Appl 14: 93-98

Mittler TE (1958) Studies on the feeding and nutrition of Tuberolachnus
salignus {Gmelin) Il. The nitrogen and sugar composition of in-
gested phloem sap and excreted honeydew. J Exp Biol 35: 626—
63

Mittler TE (1971) Dietary amino acids requirements of the aphid Myzus
persicae affected by antibiotic uptake. J Nutr 101: 1023-1038

Mullins DE, Cochran DG (1975) Nitrogen metabolism in the american
cockroach - I An examination of negative nitrogen balance with
respect to mobilization of uric acid stores. Comp Biochem 50A:
501-510

Mullins DE, Keil CB (1980) Paternal investment of urates in cock-
roaches. Nature 283: 567-569

Noda H, Saito T (1979) Effects of high temperature on the develop-
ment of Laodelphax striatellus (Homoptera: Delphasidae) and
on its intracellular yeast like symbiotes. Appl Ent Zool 14: 64-75

Potrikus CJ, Breznak JA (1977) Nitrogen-fixing Enterobacter
agglomerans isolated from guts of wood-eating termites. Appl
Envir Microbiol 33: 392-399

Potrikus CJ, Breznak JA (1981) Gut bacteria recycle uric acid nitro-
gen in termites: A strategy for nutrient and conservation. Proc
Natl Acad Sci USA 78: 4601-4605

Sasaki T, Ishikawa H (1993) Nitrogen recycling in the endosymbiotic
system of the pea aphid, Acyrthosiphon pisum. Zool Sci 10: 779—
785

Sasaki T, Ishikawa H (1995) Production of essential amino acids from
glutamate by mycetocyte symbionts of the pea aphids,
Acyrthosiphon pisum. J Insect Physiol 36: 35-40

Sasaki T, Hayashi H, Ishikawa H (1991) Growth and reproduction of
the symbiotic and aposymbiotic pea aphids, Acyrthosiphon pisum,
maintained on artificial diets. J Insect Physiol 37: 749-756

Sasaki T, Kawamura M, Ishikawa H (1996) Nitrogen recycling in the
brown planthopper, Nilaparvata lugens: Involvement of yeast-
like endosymbionts in uric acid metabolism. J Insect Physiol 42:
125-129



586 Y. Hongoh and H. Ishikawa

Sasaki T, Aoki T, Hayashi H, Ishikawa H (1990) Amino acid composi-
tion of the honeydew of symbiotic and aposymbiotic pea aphids
Acyrthosiphon pisum. J Insect Physiol 36: 35-40

Sekido S, Sogawa K (1976) Effects of salicylic acid on probing and
oviposition of the rice plant- and leafhopper. Appl Ent Zool 11:
75-81

Valvoge WD, Brooks MA (1979) Uric acid quantities in the fat body of
normal and aposymbiotic German cockroaches Blattella

Downloaded From: https://bioone.org/journals/Zoological-Science on 29 Jul 2024
Terms of Use: https://bioone.org/terms-of-use

germanica. Ann Ent Soc Am 72: 687-689

Vogels GD, Van Der Drift C (1976) Degradation of purines and pyrim-
idines by microorganisms. Bact Rev 40: 403-468

Weatherley PE, Peel AJ, Hill GP (1959) The physiology of the sieve
tube. Preliminary experiments using aphid mouth parts. J Exp
Bot 10: 1-16

(Received February 28, 1997 / Accepted May 23, 1997)



