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A Novel Target for Antidiuretic Hormone in Insects

JerFREY H. SPRING, ANNE M. MORGAN, SHELIA R. HAZELTON

Diuresis in insects is controlled by two antagonistic hormone groups: diuretic
hormones, which promote water loss, and antidiuretic hormones, which inhibit it. All
known antidiuretic factors act solely to promote fluid reabsorption by the hindgut and
do not affect secretion by the Malpighian tubules. In the house cricket, Acheta
domesticus, an antidiuretic hormone was found that inhibits fluid secretion by the
Malpighian tubules but has no effect on the hindgut. Correlations were found between
the density of neurosecretory granules and the presence of antidiuretic hormone in the
corpora cardiaca, suggesting that the hormone is released from specific axons. Its
release is triggered by dehydration; the hormone is detectable in the hemolymph of
water-deprived crickets. These results imply that an unusual mechanism regulates

water balance in these insects.

HE CURRENT MODEL FOR THE CON-

trol of diuresis in non—blood-feeding

insects is based on the presence of

two antagonistic hormone groups. Diuretic
hormones (DHs) stimulate fluid secretion
by the Malpighian tubules and inhibit reab-
sorption by the rectum (1), whereas an
antidiuretic hormone (ADH) enhances fluid
resorption by the hindgut (2, 3). It was
reported that ADH could also inhibit fluid
secretion (4); however, those results subse-
quently could not be duplicated (3, 5, 6). On
the basis of in vitro measurements of DH
degradation rates, and in the absence of data
confirming the action of ADH on tubules, it
was proposed that tubular secretion is re-
duced solely by enzymatic destruction of
DH and by a reduction in DH release (2, 7).
We have reported that diuresis by the
Malpighian tubules of the house cricket,
Acheta domesticus, was stimulated by homog-
enates of the primary neurohemal organs
[corpora cardiaca (CC)] as well as homoge-
nates of several other ganglia (8). To distin-
guish between the physiological and phar-
macological effects of such treatments, we
also performed bioassays on extracts of the
hemolymph to determine which factors
were present under various conditions of
water stress. We determined that hemo-
lymph could either stimulate or inhibit fluid

Department of Biology, University of Southwestern
Louisiana, Lafayette, LA 70504.

secretion by the tubules in vitro, depending
on the hydration state of the donor animal.

To produce different hydration states,
crickets were subjected to one of three pre-
liminary treatments. One group of insects
was freely provided with food and water for
48 hours (control). A second group had
access to food and water for 24 hours, after

Antidiuresis Diuresis
T T T L

Control }

T T

»—E Dehydrated

Rehydrated *—j—*

1 1 1 1 1 1
30 -20 -10 0 +10  +20 430
Percent change in secretion rate after addition of

hemolymph extract

Fig. 1. Histogram of the maximum change in
secretion rate by the Malpighian tubules in vitro
(mean + SE) in response to methanolic extracts
of hemolymph. Hemolymph from crickets al-
lowed free access to food and water (control,
n =9) acts as a diuretic, promoting fluid secre-
tion by the tubules. When control crickets were
held at 0% RH for 24 hours (dehydrated,
n = 12) the hemolymph acted as an antidiuretic,
inhibiting fluid secretion. Dehydrated crickets
allowed access to water for 1 to 2 hours (rehy-
drated, n = 8) produced hemolymph which also
acted as a diuretic, with a slightly greater effect
than observed in the controls (not significant at
P = (.05, Student ¢ test).
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Fig. 2. (A) Cross-section through the ventral portion, near the midline, of CC from a control cricket.
All of the axons are full of neurosecretory material. (B) Section through the same region of the CC of a
dehydrated cricket, that shows these axons are now almost completely void of neurosecretory granules
(NSG). (C) Section through the CC of a dehydrated cricket, taken near the boundary of the area we
have identified as containing the ADH. The axons in the lower right of the plate have released all of
their NSG, whereas axons farther from the aorta have released only part of their NSG. The full axons in
the upper portion of this plate have not yet been stimulated to release their NSG.

which they were transferred to a desiccator
over concentrated sulfuric acid [0% relative
humidity (RH)] for another 24 hours (de-
hydrated). The third group was treated
identically to the dehydrates, but at the end
of the dehydration period the insects were
allowed free access to food and water for 1
to 2 hours (rehydrated). Samples of hemo-
lymph were obtained from crickets by estab-
lished methods (5, 9) and added to 4.0
volumes of absolute methanol. The mixture
was centrifuged (10,000¢ for 10 min) to
remove insoluble proteins, and the superna-
tant was evaporated to dryness. Hemo-
lymph extracts were resuspended in either
distilled water or insect saline.
Malpighian-tubule secretion rates are de-
termined by collecting the urine from all the
tubules by means of a catheter immersed in
oil and by measuring the diameter of the
collected droplets (8). Control preparations
initially secrete approximately 4 ul of urine
per hour. The effects of hemolymph on the
secretion rate of Malpighian tubules in vitro
are shown in Fig. 1. Hemolymph prepared
from control insects consistently increased
tubule secretion rates by 13 to 36%
(24 = 3%, mean * SE). This increase cor-
responded to a stimulus of 0.01 to 0.02 CC
equivalents (10) and indicated that crickets
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with free access to water generally maintain
low levels of circulating DH. These results
are consistent with our observation that
freshly isolated tubules initially produced
the slightly hypo-osmotic urine characteris-
tic of CC-stimulated diuresis (8). When
crickets were deprived of water for 24 hours,
the amount of hemolymph that could be
collected dropped from 20 to 30 ul (con-
trol) to 4 or 5 pl. Even when diluted in 1.5
ml of bathing saline, this small volume of
hemolymph produced a strongly antidiuret-
ic effect, decreasing fluid secretion by nearly
30% [¢(19)=11.56, two-tailed; P<
0.001]. Although rehydrated crickets had
more DH in the hemolymph than did con-
trols, the rate increase was statistically non-
significant. Higher DH levels in rehydrated
insects would be consistent with an over-
shoot release following rehydration.

The use of crude tissue homogenates was
not informative in the identification of the
source of the antidiuretic factor inasmuch as
all of the tissue homogenates tested (CC,
pars intercerebralis, subesophageal gangli-
on, and terminal abdominal ganglion) pro-
duced only a diuretic effect (8). An ultra-
structural examination of the CC, however,
revealed major differences between control
and dehydrated crickets. Electron micro-
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Fig. 3. Chromatogram obtained from 18 pairs of
CC from control crickets, showing the distribu-
tion of neurosecretory material. Identification of
peaks was based on hyperlipemic activity in Lo-
custa (AKH) (11), or stimulation (DH) or inhibi-
tion (ADH) of fluid secretion by Acheta Malpighi-
an tubules in vitro. The functions of the remain-
ing peaks are unknown. Dashed line indicates the
slope of the solvent gradient, expressed as a
percentage of solvent B.

graphs of the CC (Fig. 2) showed that a
specific group of neurosecretory axons, lo-
cated in the posterior mid-ventral region,
had released their neurosecretory material in
water-stressed, but not control, crickets. In a
separate experiment using control and dehy-
drated crickets, the CC were fixed for trans-
mission electron microscopy (TEM), and
the hemolymph was collected from the same
insects. In all cases (n = 4, control; n = 5,
dehydrated) ADH was present in the hemo-
lymph only if these particular CC axons
were empty of neurosecretory granules. The
effects of homogenates and extracts of CC
were always stimulatory (that is, diuretic)
(8) even though these organs contained the
ADH. By implication, either much less
ADH than DH is present in the CC, or the
DHs are considerably more potent than the
ADH.

To confirm that the CC were indeed the
source of the ADH, methanolic extracts of
CC were fractionated by high-performance
liquid chromatography (HPLC), and the
fractions were tested for ADH activity on
Malpighian tubules. Separations were per-
formed by established techniques for the
isolation of adipokinetic hormones (AKHs)

55

Fig. 4. Chromatograms of
CC extracts from individual
25 crickets. ADH peaks are in-
dicated by asterisks. (A)
One CC equivalent of ADH
(Fig. 3) rechromatographed
on the new gradient (13).
(B) The CC extract from a
control cricket. (C) The CC
extract from a 48-hour de-
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lines represent solvent gradi-
ent, as in Fig. 3.
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(11). Typical chromatograms showed seven
major peaks (Fig. 3). On the basis of a
limited number of bioassays (n = 3), we
have tentatively assigned DH activity to two
different peaks, whereas the ADH activity is
associated  exclusively with one peak
(n = 8). The purified ADH is highly potent,
with 1.0 CC equivalent inhibiting secretion
by 70 = 8% (mean + SE). With the stan-
dard gradient (11), the ADH peak elutes 6.4
min before the AKH peak (12). To obtain
sufficient material to bioassay required that
pooled samples of ten or more CC be chro-
matographed. In general, however, the use
of pooled samples masks individual variabili-
ty to the extent that differences between
control and experimental treatments are of-
ten concealed (9). This difficulty was ad-
dressed by modifying the HPLC method to
optimize ADH separation and by increasing
the sensitivity to the point where the CC of
individual crickets could be successfully
chromatographed (13). Crickets were first
treated as described for the preparation of
hemolymph extracts with the exception that
the desiccation time was increased to 48
hours to maximize the effect. The use of
individual CC precluded accurate bioassays;
therefore a sample of the ADH peak recov-
ered by the standard HPLC method was
reinjected into the column to serve as a
marker (Fig. 4A). Individual CC from con-
trol (Fig. 4B) and dehydrated (Fig. 4C)
crickets were then chromatographed over
the same gradient. The size of the ADH
peak in the CC of dehydrated crickets was
significantly smaller than in controls, where-
as, overall, the other peaks were not changed
(Fig. 4, B and C). Integration of each ADH
peak showed that the area (14) decreased
from 68.7 = 9.4 (control, n = 6, mean %
SE) to 39.5 = 5.3 (dehydrated, n = 6), a
42% decrease [t(10) = 2.693, one-tailed;
P < 0.05].

We have developed an in vitro prepara-
tion of the perfused rectum of Acheta that is
identical in all important respects to that
used for the Malpighian tubules (15). Using
this preparation as a bioassay, we showed
that crude CC homogenate increased fluid
absorption by the rectum sixfold, that is, it
acted as an ADH (16). The HPLC-purified
ADH, which inhibits Malpighian tubule
secretion, has no effect on reabsorption in
this preparation (n = 8) and therefore is not
the same as the CC factor that increases fluid
absorption by the rectum (16).

These experiments show the presence in
insects of an ADH that directly inhibits
Malpighian tubule secretion in vitro with-
out altering rectal reabsorption. In the crick-
et Acheta domesticus, ADH is released from
specific neurosecretory axon endings in the
CC in response to water stress and is trans-
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ported from the CC to the tubules by way of
the hemolymph. The existing model for the
control of Malpighian tubule function (2)
may not be universal among phytophagous
insects, since we have demonstrated that in
addition to the controls described by the
model, Acheta possesses a neurohormone
capable of directly inhibiting tubule secre-
tion.
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Coding of Two Sphingolipid Activator Proteins
(SAP-1 and SAP-2) by Same Genetic Locus

JouN S. O'BrieN,* KEITH A. KRETZ, NAZNEEN DEW]I,
Davip A. WENGER, FRED EscH, ARVAN L. FLUHARTY

Several complementary DNAs (cDNAs) coding for sphingolipid activator protein—2
(SAP-2) were isolated from a Agt-11 human hepatoma library by means of polyclonal
antibodies. The nucleotide sequence of the largest cDNA was colinear with the derived
amino acid sequence of SAP-2 and with the nucleotide sequence of the cDNA coding
for the 70-kilodalton precursor of SAP-1 (SAP precursor cDNA). The coding
sequence for mature SAP-2 was located 3’ to that coding for SAP-1 in the SAP
precursor cDNA. Both SAP-1 and SAP-2 appeared to be derived by proteolytic
processing from a common precursor that is coded by a genetic locus on human
chromosome 10. Two other domains similar to SAP-1 and SAP-2 were also identified
in SAP precursor protein. Each of the four domains was approximately 80 amino acid
residues long, had nearly identical placement of cysteine residues, potential glycosyla-
tion sites, and proline residues. Each domain also contained internal amino acid
sequences capable of forming amphipathic helices separated by helix breakers to give a
cylindrical hydrophobic domain that is probably stabilized by disulfide bridges.
Protein immunoblotting experiments indicated that SAP precursor protein (70
kilodaltons) as well as immunoreactive SAP-like proteins of intermediate sizes (65, 50,
and 31 kilodaltons) are present in most human tissues.

(SADPs) are small (8 to 13 kD), heat-
stable proteins required for the hy-
drolysis of sphingolipids by specific lyso-
somal hydrolases (7). To date, three differ-
ent SAPs have been identified. SAP-1 acti-

f ; PHINGOLIPID ACTIVATOR PROTEINS

vates the hydrolysis of cerebroside sulfate,
GM1 ganglioside, and globotriaosylcera-
mide by arylsulfatase A (E.C. 3.1.6.1), acid
B-galactosidase (E.C. 3.2.1.23), and a-ga-
lactosidase (E.C. 3.2.1.22), respectively (2).
Human deficiency of SAP-1 results in tissue
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