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The riboflavin-binding hexamerin (RbH) and arylphorin (ArH)
were compared as storage reservoirs for adult development in
Hyalophora cecropia. The two hexamerins were metabolically
labeled with [3H]leucine and [35S]methionine, isolated by col-
umn chromatography, and separately injected into pupae whose
diapause had been terminated by chilling. By the time of eclo-
sion at least 98% of both hexamerins had been cleared from the
hemolymph. Every reproductive and somatic tissue tested con-
tained trichloroacetic acid-precipitable label; consistent differ-
ences between the two hexamerins were not detected in the
distribution of their label to these tissues. While incorporation
of intact hexamerins was not ruled out, hydrolysis and re-
incorporation of the liberated amino acids were indicated by
label in vitellogenin and lipophorin, and by differences in 35S/
3H ratios, which ranged from over 1.0 in chorions to 0.4 in wings,
as compared with 0.75 in the injected hexamerins. Injection of
[35S,3H]RbH from H. cecropia into A. luna, a species in the same
subfamily whose pupae lack this hexamerin, resulted in a pat-
tern of isotope incorporation similar to that yielded by RbH in
the donor species. In neither species was there indication of a
developing adult tissue that distinguished between RbH and
ArH as precursor reservoirs for morphogenesis. This equiva-
lence helps explain how many species of Lepidoptera are able
to complete metamorphosis and reproduce without expressing
an RbH gene. Evidence is also presented that ArH stored in the
fat body protein granules during pupation may be utilized dif-
ferently from that remaining in pupal hemolymph. Arch. Insect
Biochem. Physiol. 42:138–146, 1999. © 1999 Wiley-Liss, Inc.
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INTRODUCTION

Cladograms based on sequence comparisons
show that the four pupal storage hexamers of
Lepidoptera are more similar to each other than
to any other insect hexamerin thus far sequenced,
thus implying descent from a single early lepi-
dopteran protein (Burmester et al., 1998). Differ-
ences in composition among the four suggest
specializations that might provide a selective ad-
vantage for each (Telfer and Kunkle, 1991). But
there are also indications of equivalence in func-
tion that lead one to wonder why a single hexa-
merin could not suffice. This, indeed, appears to
be the case in Lymantria dispar, where arylphorin
(ArH), an aromatic acid-rich protein, is the only
reported storage hexamer (Karpells et al., 1989).
The question has also been raised by the finding
in Actias luna that reproductive and somatic tis-
sues do not discriminate between ArH and the
methionine-rich hexamerin (MtH) as precursor
reservoirs during metamorphosis (Pan and Telfer,
1996). Equivalence of the two was unexpected be-
cause the tendancy of MtH to be stored in much
greater quantities by females than by males had
suggested that it has evolved in particular for the
support of egg formation (Tojo et al., 1980; Ryan
et al., 1985; Bean and Silhacek, 1988).

We report here another attempt to detect
differences between hexamerins in the develop-
mental processes they support. This time the
comparison is between the riboflavin-binding
hexamerin (RbH) and ArH. Cladistic analyses
have suggested that the RbH gene separated at
an early time in lepidopteran evolution from a
gene whose later duplications gave rise to the
other three contemporary hexamerins (Burmester
et al., 1998). In view of its different history, there
was no reason to assume that RbH utilization in
metamorphosis would resemble that of the more
closely related ArH and MtH.

RbH has an irregular phylogenetic distribu-
tion that raises additional questions about its
storage functions. H. cecropia stores about 140
mg per pupa in its hemolymph, all of which has
been consumed by the time of adult eclosion (Pan
and Telfer, 1992). But in pupae of A. luna and a
number of other species of the subfamily Sa-
turniinae, RbH cannot be detected (Telfer and
Canaday, 1987). An investigation of whether and
how H. cecropia RbH would be used if injected

into metamorphosing A. luna was added to the
study to learn more about why this ancient
hexamerin is now dispensible in so many moths.

METHODS
Protein Labeling and Isolation

ArH is synthesized throughout the 5th instar
in H. cecropia (Telfer et al., 1983), but RbH syn-
thesis does not begin until mid-instar, when the
caterpillar has reached a weight of 10–12 g (Magee
et al., 1994). To be certain that RbH synthesis had
begun, hemolymph samples from the males to be
labeled were tested for its presence with a mono-
specific rabbit antiserum. Males testing positive
were then injected with 0.1 mCi each of L-[4,5-3H
(N)]leucine and L-[35S]methionine (New England
Nuclear, Boston, MA), mixed with a small volume
of 0.15 M KCl, 10 mM potassium phosphate (pH
6.5), and 5 mM phenylthiourea (PTU). Injected lar-
vae were fed on black cherry leaves (Prunus
serotina) for 24 h; they were then injected with
0.1 ml of a protease inhibitor cocktail (PIC) and
PTU (Telfer et al., 1991), and bled 5 min later.

ArH and RbH were isolated by column chro-
matography, using a series of matrices from Bio-
Rad (Richmond, CA). Gel filtration on Bio Gel A
0.5M separated the approximately 500 kDa pro-
teins, including primarily the hexamerins and
lipophorin, from smaller proteins. Fractions con-
taining the 500 kDa peak were pooled, equili-
brated with pH 7.2, 32 mM potassium phosphate,
and chromatographed on DEAE-agarose, which
removes only ArH from the high molecular weight
mix under these conditions (Telfer et al., 1983).
The DEAE flow-through fractions were equili-
brated with pH 5.35, 35 mM potassium succinate,
and passed through a column of CM-agarose,
which removed RbH and lipophorin from the mix.
Bound ArH was released from the DEAE column
with pH 6.6, 64 mM potassium phosphate. RbH
was released from the CM column with pH 6.0,
25 mM potassium phosphate (Magee et al., 1994).

The labeled isolates were dialyzed against
pH 6.5, 10 mM potassium phosphate in 0.15 M
KCl, and then concentrated about 20× in Centricon
30 tubes. Aliquots of each concentrate were set
aside for later measurement of radioactivity at the
time of adult tissue analysis. At that time, label
in various preparatons of RbH varied from 1,500
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to 2,075 cpm/µl for 3H and 1,100 to 1,650 cpm/µl
for 35S; label in ArH preparations varied from 2,395
to 5,420 cpm/µl for 3H and 1,770 to 2,800 cpm/µl
for 35S. Protein contents of the final preparations
were in the range of 5–10 mg/ml.

Injections

Injection volumes of 100 µl contained 0.5–
1.0 × 106 cpm of both isotopes. For H. cecropia
this was only 5–10% of the measured pupal
hemolymph volume (Pan and Telfer, 1992), and
included at most 2 mg of labeled protein, com-
pared with approximately 230 mg of ArH and 140
mg of RbH in the hemolymph of single pupae.
The situation was comparable for A. luna, except
for the normal absence of RbH from this species.

Treatment and Response of Test Insects

Pupae to be injected with the labeled hexa-
merins had been chilled for at least 6 months in
order to evoke the termination of diapause, and
were transferred to 25°C immediately after the
injection. The test insects resumed their meta-
morphosis on schedule: 22 days from apolysis to
eclosion for females and 21 days for males of H.
cecropia, and 13 days for females of A. luna. Late
in development, the ecdysial lines were coated
with paraffin in order to prevent emergence and
expansion of the wings, since this greatly reduces
the amount of available hemolymph. Tissues were
dissected from the adult when the pupal exuvium
was crisp and the scales were dry.

Tissue Protein Preparation

Some tissues, including reproductive struc-
tures, midgut, and Malpighian tubules, were
separated and extracted in their entirety. Where
this was not possible, the tissues were sampled
instead; sampled tissues included hemolymph
(50 µl), fat body (20 mg), thoracic muscle (25 mg),
and integument (unexpanded wings from the left
side). As a rough approximation, the samples rep-
resented about 5% of eclosing adult hemolymph
volume, 10% of adult fat body, 25% of thoracic
muscle, and 10% of adult cuticle.

Soft tissues were homogenized in measured
volumes of PIC. Fifty microliter aliquots of the
homogenates were mixed with 0.5 ml ice cold 10%
trichloroacetic acid (TCA) and centrifuged 2 h
later. Centrifugal pellets were dissolved overnight

at 50°C in 0.5 N NaOH, 1% SDS, and 50 mM β-
mercaptoethanol. Chorionated eggs were rinsed
with phosphate-buffered saline (PBS), blotted,
and crushed with mortar and pestle. Yolk was
pipetted off and treated as above for soft tissues.
The residual chorions were rinsed thoroughly
with PBS and solubilized without prior precipi-
tation by TCA. Unexpanded wings from the left
side were minced with fine scissors in PIC, homo-
genized manually in microfuge tubes, and incu-
bated for 2 days at 50°C in 1 ml of the dissolving
buffer described above for the other tissues.

Generally, 200 µl of the solubilized prepara-
tions were mixed with 4.5 ml Cytoscinct (ICN,
Irvine, CA) for scintillation counting. Exceptions
were the solubilized preparations of wings and
accessory glands, from which only 50 µl were
counted, in order to minimize quenching due to
the pigment in these two tissues.

Results were calculated as the percentage of
injected label that was recovered from each tis-
sue, and are expressed as averages and standard
errors (SE). Asterisks are used in the figures to
identify the comparisons in which label derived
from RbH differs significantly from that derived
from ArH (P < 0.05 in t-tests.)

Label in vitellogenin, lipophorin, RbH, and
ArH was measured by precipitating these proteins
from hemolymph and yolk extracts with rabbit an-
tisera. Ouchterlony plate tests have already been
published that confirmed the specificity of these an-
tisera (Telfer and Pan, 1988). They were also used
to establish the volume of each antiserum required
to precipitate completely its homologous antigen
from the samples of hemolymph and yolk. Precipi-
tation and procedures for washing the precipitates
with PBS before dissolving and measuring their iso-
tope contents have already been described (Pan,
1971). Each determination was made on a pool of
hemolymph or yolk samples from six females.

RESULTS
Clearing of Labeled Hexamerins From
Developing Adult Hemolymph

Labeled and isolated RbH and ArH injected
into chilled pupae were both at least 98% cleared
from the hemolymph by the time of adult eclo-
sion. On day 18 of the pupal-adult molt of H. ce-
cropia, extensive clearing had already been
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completed. TCA-precipitable label in the hemo-
lymph had fallen to 13% of that injected into pu-
pae as RbH and about 21% in ArH (Table 1).
Clearing continued during the four subsequent
days so that just prior to eclosion these figures
had dropped to 5.5 and 6.5%, respectively. In pre-
eclosion males, residual protein label in the
hemolymph was equally low. Actually, labeled
hexamerin clearing had been even more exten-
sive than this, for much of the TCA-precipitable
label in hemolymph at these stages was in newly
synthesized adult proteins. Thus, in day 22, pre-
eclosion females, antibodies to RbH precipitated
only 33% of total protein label (Table 2); antibod-
ies to ArH precipitated only 9.5% of total protein
label. Combining the results in Tables 1 and 2
leads to the calculation that only 2% of label in-
jected into female pupae as RbH and 0.6% of that
injected as ArH remained in circulation at eclo-
sion. Labeled hemolymph proteins other than
hexamerins included vitellogenin and lipophorin
(Table 2), which must have been newly synthe-
sized from hydrolytic products of the hexamerins.
These two proteins are known to be synthesized
during mid to late pharate adult development
(Pan, 1971; Kulakosky and Telfer, 1990), and were
presumably in transit to the ovaries, where they
accounted for 80–90% of the label that was pre-
cipitated by TCA from yolk.

A check on the validity of the antibody-pre-
cipitation method was provided by the fact that
labeled proteins in the ArH-injected group did not
include RbH. In the RbH-injected insects, some
label was precipitated by anti-ArH, but the
amount was low enough to be considered ex-

perimental contamination. This accords with the
principle that hexamerins are synthesized in Lepi-
doptera only during feeding stages (Webb and
Riddiford, 1988).

Further indication of a role of hydrolysis in
the utilization of transfused hexamerins was the
finding that 15–30% of total hemolymph label in
the day 18 pooled samples was soluble in 10%
TCA. Degradation products of both RbH and ArH
were, therefore, circulating and available for in-
corporation by all tissues.

Distribution of Label in Eclosing Adults

A total of 36 comparisons of RbH and ArH
were made as sources of label for adult tissues
and secretory products. Half of these entailed
measurements of 3H and these are shown in Fig-
ure 1. In 16 of these comparisons, the P values
of the differences between RbH and ArH as
sources of label were greater than 0.05, our ar-
bitrarily set threshold for significance. The two
exceptions (asterisks in Fig. 1) were accessory
glands and fat bodies of females, both of which
incorporated a significantly greater fraction of 3H
from ArH than from RbH. However, the amount
of 3H in the accessory glands was extremely low,
less than 1% of the total injected; in fat body,
from which 20 mg samples were measured, the
amount of label was also small. In an analysis
of 35S distribution (not shown), none of the 18
comparisons had P values < 0.05, including ac-
cessory glands and fat body. The developing adult
tissues tested, therefore, did not manifest pref-
erences for either RbH or ArH as reservoirs of
precursors for morphogenesis.

TABLE 1. Protein Label Remaining in the Hemolymph of Pharate Adult H. cecropia That Had Been Injected
as Pupae With [3H, 35S]-RbH or -ArH

Day 18 female (n = 6) Day 22 female (n = 9) Day 21 male (n = 5)
Measured Measured Measured
 in 50 µla

Calculated for in 50 µla
Calculated for in 50 µla

Calculated for
Source of label Ave. ± SE whole insectb Ave. ± SE whole insectb Ave. ± SE whole insectb

3H from RbH 0.50 ± 0.08 12.8 0.23 ± 0.02 5.70 0.25 ± 0.15 4.86
35S from RbH 0.51 ± 0.07 13.1 0.22 ± 0.02 5.46 0.27 ± 0.17 5.28
3H from ArH 0.80 ± 0.11 24.0 0.35 ± 0.07 6.54 0.18 ± 0.01 4.78
35S from ArH 0.59 ± 0.08 17.7 0.26 ± 0.05 6.34 0.14 ± 0.02 3.75
aAmounts of label are expressed as percentages of the approximately 106 cpm injected into the hemolymph at the pupal
stage.
bLabel remaining in the hemolymph was calculated for whole insects by multiplying the amount in 50-µl samples times
total hemolymph volume (in µl), and dividing by 50. Hemolymph volume averages 26% of body weight (in mg) in day 18
females, 23% in pre-eclosion, day 22 females, and 31% in pre-eclosion, day 21 males (Pan and Telfer, 1992).
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Sexual Comparisons

Male reproductive tissues contained very
little label compared to yolk and chorion, which
accumulated over 20% of the label from hexa-
merins injected into females (Fig. 1). Lacking the
need to produce eggs, males were able to increase
the distribution of label to somatic tissues, and
in particular to the integument. In males, the two
wings chosen to represent integument incorpo-
rated an average of 5.4% of injected label from
the two hexamerins (n = 9, SE = 0.7) compared
with 3.1% in females (n = 17; SE = 0.3) (P =
0.002). Total body integument is about ten times
as massive as two wings, and therefore might
have incorporated 54% of injected label in males,
compared with only 31% in females. This is the
sort of difference that would be expected if label

TABLE 2. Labeling of Specific Hemolymph and Yolk
Proteins in Females Injected With [3H]-RbH and -ArH

Label precipitated byb

Sample and Anti- Anti- Anti- Anti-
source of labela vitellogenin lipophorin RbH ArH

Day 18 hemolymph
3H from RbH 21.3 3.8 41.9 0
3H from ArH 7.8 1.2 0 27.9

Day 22 hemolymph
3H from RbH 14.9 5.5 32.8 2.1
3H from ArH 15.7 6.3 0 9.5

Day 22 Yolk
3H from RbH 62.3 18.9
3H from ArH 71.7 23.6

aFemale pupae were injected with labeled RbH or ArH and
bled and dissected on the days shown in the left-hand column.
Precipitations were from the pooled samples of 6 females.
bAntibody-precipitated label is expressed as a percentage of
the label that was precipitated from an equal volume of the
sample by 10% trichloroacetic acid.

Fig. 1. Comparison of RbH and ArH as storage sites for
[3H]-precursors that are incorporated into TCA-precipitable
components of pharate adult H. cecropia. Labeled hexa-
merins were injected into pupae; tissues were dissected and
extracted at the time of eclosion but before wing expansion.

Bars show averages and standard errors for 9 females and
5 males. Standard errors are in some cases too small to be
visualized. Asterisks indicate comparisons where the prob-
ability that the averages for RbH- and ArH-derived label
represent variants of a single population is less than 0.05.
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released from ArH and RbH goes into a general
pool that is competed for by both reproductive and
somatic tissues.
35S/3H in the Tissues of Eclosing H. cecropia

Differences between adult tissues in the
incorporation ratios of 35S and 3H are shown in
Figure 2. The tissues are arranged along the hori-
zontal axis in this figure according to decreasing
35S/3H ratios in RbH-injected individuals (open
squares); the ratios from ArH-injected individuals
(closed circles) were then added in the same se-
quence. The ratios differed widely from the values
of 0.75 in the injected hexamerins, ranging from
less than 0.4 in wings to over 1.1 in chorions. This
is in accord with findings in two earlier investiga-
tions that developing adult tissues synthesize pro-
teins from precursors released by digestion of
storage hexamers from calliphorin (Levenbook and
Bauer, 1984) and ArH (Wu and Tischler, 1995). In

females, the difference between chorion (on the left)
and wings (on the right) accords with the respec-
tive modes of molecular cross-linking in these two
products: high cys content facilitates disulfide
bridge formation in the hardening of the chorion
in moths (Kawasaki et al., 1971) in contrast to the
better known phenol oxidase-based cross linking
in cuticular sclerotization.

Utilization of H. cecropia  RbH and ArH by A. luna

The distribution of label derived from H. ce-
cropia RbH and ArH injected into female A. luna
is shown in Figure 3. The distributions were simi-
lar to those obtained for the two hexamerins in
H. cecropia females (Fig. 1), with highest label-
ing in the yolk, chorion, and wings. As an amino
acid reservoir, therefore, RbH appears to be re-
placeable by ArH, and presumably also MtH, in
those species that have lost or stopped express-
ing their RbH genes.

Fig. 2. Comparison of 35S/3H in adult tissues from indi-
viduals injected as pupae with labeled hexamerins. Tissues
are arranged on the horizontal axis in decreasing order of
the 35S/3H ratios generated by injection of labeled RbH (open
squares, positive error bars). Tissues from ArH-injected ani-
mals are arranged in the same sequence (closed circles, nega-

tive error bars). The ratios of both injected probes were 0.75.
Values are averages for 9 females and 5 males. Standard
errors, where greater than the diameter of the points, are
indicated by up-error bars for RbH and by down error bars
for ArH.
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A second issue raised by the A. luna experi-
ment concerned the mode of ArH storage. ArH from
H. cecropia hemolymph transfused into A. luna cat-
erpillars was stored during the subsequent larval-
pupal transformation, as it is in the donor, in both
fat body granules and hemolymph (Pan and Telfer,
1992). But in the present study, labeled ArH was
injected into pupae that had completed protein
granule deposition many months earlier. If stores
in hemolymph and protein granules are utilized
at different times or in different ways, therefore,
tissue distribution of ArH-derived label should vary
in the two studies.

In Figure 4 the distributions of label in these
two experiments are compared. High variances in
the results for yolk and chorion place limits on

the interpretation. Nevertheless, the differences
are sufficient to suggest meaningful consequences.
Thus, thoracic muscle labeling drew preferentially
on ArH stored in the fat body. There was a ten-
dency in this same direction in the chorion. By
contrast, adults developing with labeled ArH
stored in fat body had extremely low levels of
TCA-precipitable label in hemolymph, and a ten-
dency toward lower labeling in yolk protein.

DISCUSSION
Comparing the Storage Functions of RbH
and ArH

As in the earlier comparison of storage func-
tions of MtH and ArH (Pan and Telfer, 1996), no

Fig. 3. Comparison of RbH and ArH from H. cecropia as
storage sites for [3H]-precursors that are incorporated into
TCA-precipitable components of pharate adult A. luna. La-
beled hexamerins were injected into pupae; tissues were dis-
sected and extracted at the time of eclosion but before wing
expansion. Bars show averages and standard errors for 11
females injected with RbH and 8 females injected with ArH.
Standard errors are in some cases too small to be visual-
ized. Asterisks indicate comparisons where the probability
that the averages for RbH- and ArH-derived label represent
variants of a single population is less than 0.05.

Fig. 4. Comparison of ArH as a storage site for [3H]-pre-
cursors that are incorporated into TCA-precipitable com-
ponents of pharate adult A. luna females. Results from
injections of A. luna ArH into caterpillars are from Pan
and Telfer (1996); those from injections of H. cecropia ArH
into pupae are from Figure 3. Bars show averages and stan-
dard errors for 5 females injected as caterpillars and 8 fe-
males injected as pupae. Standard errors are in some cases
too small to be visualized. Asterisks indicate comparisons
where the probability that the averages for RbH- and ArH-
derived label represent variants of a single population is
less than 0.05.
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evidence was found for differences between RbH and
ArH in their support of adult development in H.
cecropia. While several of the 9 tissues compared
incorporated a larger share of 3H from one hexa-
merin than from the other (P < 0.05; asterisks in
Fig. 1), significance was not repeated for that tis-
sue in both sexes, and was not found in any of the
measurements of 35S labeling. Tissue-specific utili-
zation, while not ruled out, was simply not revealed
by the approach taken in this study.

RbH-derived label partitioned between adult
female tissues of A. luna (Fig. 3 dotted columns)
in a pattern essentially the same as in H. cecro-
pia (Fig. 1). ArH-derived label was also very simi-
lar in the two species. There was a high level of
label in the hemolymph of eclosing A. luna fe-
males that had been injected as pupae with ArH
from H. cecropia (Fig. 4), but this resulted not
from new synthesis but from inefficient clearing
of the injected probe. We showed this earlier when
ArH from H. cecropia was found by species-spe-
cific antibody detection to compete poorly with A.
luna ArH for the hemolymph clearing mechanism
during adult development (Pan and Telfer, 1992).

As an amino acid reservoir for metamorpho-
sis, RbH appears from these results to be replace-
able by hemolymph ArH, and this suggests how
many species of Lepidoptera were able to dispense
with it. While RbH is an abundant hemolymph
protein in H. cecropia, the concentration of ArH
is nearly twice as high (Pan and Telfer, 1992) and
there is an equal or greater amount of the latter
stored in the fat body, along with the MtHs, the
principal fat body hexamerins. Thus, failure to
produce RbH during the last larval instar might
not seriously diminish the amino acid reserves
available for adult developoment. Since the ribo-
flavin-storing function of this protein can be
served by lipophorin (Miller and Silhacek, 1992;
Magee et al., 1994), its only known ligand-bind-
ing function is also replaceable. The question then
becomes not so much how other species get along
without RbH, but how its persistence can be ac-
counted for in those species that still produce it.

Incorporation of Hydrolytic Products

A distinction between the incorporation of
free amino acids and intact hexamerins was not
a primary goal of the present work. But as with
calliphorin utilization in Calliphora vicina (Leven-

book and Bauer, 1984), hydrolytic products appear
to be the primary mode of transferring isotope
from the injected hexamerin to adult tissue pro-
teins. In the present study, this is especially clear
in egg formation; over 8% of injected 3H from both
RbH and ArH found its way into vitellogenin and
lipophorin, the two major yolk proteins, and
around 12% into the chorion (Fig. 1), whose pro-
teins are known to be synthesized by the follicu-
lar epithelium (Paul and Kafatos, 1975). The
hydrolysis model has also been proposed for
Bombyx mori (Ogawa and Tojo, 1981) and autog-
enous forms of Aedes atropalpus (Wheeler and
Buck, 1996), in which production of vitellogenin,
the principal protein of adult females, is matched
by a decline in stored hexamerins, the principal
proteins of pupae. Hydrolysis is further indicated
in the present study by variations in 35S/3H ratios
from 0.4 in wings to over 1.0 in chorions in fe-
males and accessory glands in males (Fig. 2). That
a substantial fraction of label circulating in the
hemolymph of day 18 females was soluble in 10%
TCA is also consistent with this model.

The selective incorporation of aromatic-rich
hexamerins into cuticle that occurs in Diptera
(Scheller et al., 1980; Konig et al., 1986; Tsakas et
al., 1991; Chrysanthis et al., 1994) has not been de-
tected in our experiments with Saturniids. MtH and
ArH yielded similar fractions of their label to cu-
ticle in A. luna (Pan and Telfer, 1996). And in the
present study, the percentages of label from RbH
and ArH incorporated into cuticle, in this case the
wings, was similar, despite the fact that RbH does
not have the high aromatic amino acid content ex-
pected for a role in sclerotization (Magee et al., 1994).

Fat Body Versus Hemolymph Storage

A final question concerned differences be-
tween the utilization of labeled ArH in pupal
hemolymph, as occurred in the present study, and
that stored in both fat body and hemolymph (Pan
and Telfer, 1996). If the pattern of differences
shown in Figure 4 is borne out, it will indicate
that products made available from the two ArH
stores have different destinations. A useful way
to explain this difference in terms of cell biology
would be to envision hydrolytic products from
storage granules being released to the hemolymph
for general distribution, while synthesis of pro-
teins within the fat body utilized primarily amino
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acids released locally by lysosomes from newly
endocytosed ArH. Such a model would be broadly
applicable because bimodal storage probably oc-
curs in a wide variety of insects (e.g., Martinez
and Wheeler, 1993; Chrysanthis et al., 1994).
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