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INTRODUCTION

The larva of the silkworm, Bombyx mori, is known to possess a ‘sugar-sensitive’
hair (Ss-I) together with two other sensilla styloconica on the maxillary lobe. By
means of electrophysiological responses, 4 chemosensory neurons have been identified
in the Ss-I hair. One, designated L, is highly sensitive to sucrose and related sugars,
a second (G) responds to D-glucose and related sugars, a third (Nj) discharges in the
presence of various salts, while the fourth (L1) is reported to respond to myo-inositol
but not to a variety of other carbohydratesi1-13, The suitability of cyclitols as model
compounds for studying a taste receptor and a general interest in the molecular basis of
the vitamin function of myo-inositol throughout the animal kingdom prompted the
present study on the Li receptor.

MATERIALS AND METHODS

Cyclitols* were the generous gifts of Dr. S. J. Angyal, University of New South
Wales, Australia and Dr. L. Anderson, University of Wisconsin, U.S.A. For evalua-
tion of purity, 20 ul of stock cyclitol solution (0.1 M in 0.02 M NaCl) was dried, then
dissolved in 5 ul of dimethylformamide which had been dried over calcium hydride,
and Regisil-TMCS (15 ul) (Regis Chemical Co., Chicago, Ill.) was added. The
mixture was shaken for 2 h in tightly closed Microflex vials (Kontes Glass Co.,
Vineland, N.J.). A volume of 1 ul or less was then injected into a gas chromatograph
equipped with a hydrogen flame detector and an Apiezon column, heated to 200°C.
Retention times for trimethylsilyl ethers of the cyclitols ranged from 3.4 to 10 min.
The samples used had less than 19 detectable contamination.

Silkworm eggs were purchased from Turtox (Chicago, Ill.) and were raised in
spring and summer on fresh mulberry leaves obtained locally. In a winter experiment,

* JUPAC-IUB tentative cyclitol nomenclature rules were used where applicable, Biochem. J., 112
(1969) 17-28.
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5th instar larvae were obtained through the generous cooperation of Dr. J. McBain
Cameron of Sault Ste. Marie, Canada. Freshly moulted, unfed, 5th instar larvae of
the silkworm were used throughout these experiments. Afferent impulses associated
with the chemoreceptor neurons were recorded by techniques developed for use with
the flyl0 that had been adapted for use with the silkworm!!. The severed head of a
larva was mounted upon a platinum pin which acted as the indifferent electrode. The
recording electrode, a similar piece of 1.7-mm diameter platinum wire, was inserted
into a piece of glass capillary tubing forming electrical contact with a 0.02 M NaCl
solution. This solution, which contained the compound being tested, was transferred
from a storage vial to the capillary tubing by means of a micropipet a few seconds
before the test. The platinum wire was connected to a high-input impedance cathode-
follower preamplifier followed by an AC amplifier. Action potentials were displayed
on an oscilloscope from which they were photographed for later analysis. Hairs were
first tested to see if they responded to the saline solution and then to 0.01 M myo-
inositol in 0.02 M NaCl. Any animal that responded to the NaClzor showed erratic
discharge with myo-inositol was rejected. Test solutions were always presented in
order of increasing concentration. Each hair was tested with 0.01 M myo-inositol at
intervals to determine if it was still responding optimally. At least 5 min between tests
was allowed for disadaptation. All experiments were performed at 22 + 2°C.
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Fig. 1. Response of the L1 receptor neuron to 0.01 M myo-inositol. Positive polarity at the recording

electrode is represented by a downward deflection. Application of stimulus is indicated by artifact at
the beginning of record.
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Fig. 2. Response of the receptor neurons in the Ss-I hair to the 9 different cyclitols at 0.01 M. Records
with no activity indicate the failure of any receptor neuron contained within the Ss-I hair to respond
to the applied stimulus.

RESULTS

The typical response of an L1 neuron to 0.01 M myo-inositol was characterized
by a high initial burst that declined to a steady lower rate over the course of a few
seconds (Fig. 1). This steady level was on occasion maintained for over 15 min before
gradually adapting. Of the 9 cyclitols only myo-, epi- and allo-inositol elicited receptor
activity (Fig. 2). In order to verify which receptor each cyclitol was stimulating, various
mixtures of the 3 active cyclitols and sucrose were applied to the sensory hair. The
mixed solutions were allowed to reach the steady level, at which time recognition of
different spike heights characterizing their sensory neurons was greatly facilitated
(Fig. 3). In the chemosensory hair, the spike height of the L1, Ls, and other receptor
neurons differs sufficiently to allow identification of a given spike with its receptor. The
records indicated clearly that the L1 spike is larger than the L spike. The L neuron
responded only to myo- and epi-inositol. Allo-inositol stimulated a different neuron
whose spike height appeared to be smaller than the Lg neuron, possibly the G neurontl.
Recordings showed occasional similar spikes when sucrose or myo-inositol was being
tested.

Response was determined as the average frequency during a 3 sec interval of
stimulation after the receptor had reached a nearly steady level. Analysis of results
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Fig. 3. L1 and L receptor activity evoked by cyclitols and sugar mixtures. A, myo-inositol; B, epi-
inositol; C, sucrose; D, sucrose + myo-inositol; E, epi-inositol + myo-inositol; F, epi-inositol -+
sucrose. Large spikes are electrical summation of the Ly and L spike. The final concentration of each
substance was 0.1 M.

from mixtures of myo- and epi-inositol showed that their effects were completely
additive, consistent with the interpretation that both molecules are acting at a common
site. Threshold and magnitude of response of the L receptor were very nearly the same
for both cyclitols in the same animal (Fig. 4). A plot of concentration per response
versus concentration2 showed identical slopes and intercepts for myo- and epi-inositol
(Fig. 4, inset).

DISCUSSION

In adult flies, both behavioral®¢ and electrophysiological®-15 studies have indi-
cated the presence of a labellar chemoreceptor neuron that is highly specific for gluco-
pyranosides. Previous studies1® suggested to us that the cyclitol, myo-inositol, as well
as its isomers, might be particularly suitable model compounds for the study of the
stereospecificity of sugar receptors in the fly because of the relatively simple chemistry
of the cyclitols compared to the sugars.

The cyclitols comprise the 9 possible configurational isomers of hexahydroxy-
cyclohexane and are believed to exist in the chair form in which the maximal possible
number of hydroxyls are equatorial. Allo-inositol may form two equally probable
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Fig. 4. Comparison of response-concentration relation in stimulation by myo-inositol (@) and epi-
inositol (4). The receptor was stimulated with 0.01 M myo-inositol () periodically as shown to check
the reproducibility of the magnitude of the full response. Inset is a plot of these data according to
Beidler2. C = molar concentration X 10-3; R = response in action potentials per sec; slope is 1/Rm,
R being maximal response and (1/Rx) X (1/K) is the y intercept, where K is the equilibrium con-
stant. The ordinate C/R is x 10-3.

enantiomorphic chairs and is therefore a racemic mixture, considered here as one of
the 9 isomers. Unlike the sugars, the cyclitols do not present the problems of open
chain, furanoside and pyranoside interconversion, or are there anomeric positions.
They therefore make up a highly suitable series for comparison of biological activity.

It is well established that only the myo-isomer fulfills a vitamin function in a wide
variety of systems!® although the molecular basis for this specificity is not known.
One major role appears to be the synthesis of the structural phospholipid, phospha-
tidyl inositol via reaction of the free cyclitol with cytidine diphosphate diglyceridel.17.
In guinea pig brain, only myo-inositol reacts with the enzyme, cytidine diphosphate
diglyceride: inositol transferase3. Of interest, the locust contains considerable quanti-
ties of scyllo-inositol, but the phosphatidyl inositol in its membranes contains only the
myo-isomer4,

From the present results, we can infer the steric requirements of the silkworm
cyclitol receptor. Myo-inositol has a single axial hydroxyl at C2. Since scyllo-inositol
(all hydroxyls equatorial) does not stimulate the receptor, a requirement for the axial
hydroxyl (or equatorial hydrogen) at C2 is established. Since neither D- nor L-chiro-
inositol are effective, requirements for equatorial hydroxyls at positions I and 3 are
indicated. The failure of muco-inositol, which has axial hydroxyls at both C1 and C3,
to stimulate the receptor further supports this notion. In the experiment with neo-
inositol, the results indicate that C5 must also have an hydroxyl in the equatorial
position to be effective, while the results with cis-inositol show that when both C4 and
C6 have axial hydroxyls, the cyclitol is not stimulatory. Since epi-inositol is fully active,
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it would seem that if C4 or C6 (but not both) has one axial hydroxyl while the other
hydroxyl is equatorial, there is full activity. The minimal configurational requirement
for a stimulatory cyclitol appears then at present to include one axial hydroxyl at C2
and equatorial hydroxyls at C1, C3, C5 and either C4 or C6. Further elucidation of the
specificity could be derived from studies with deoxycyclitols to establish whether
there is a requirement for an axial hydroxyl at C2 or whether the equatorial hydroxyl is
blocking. In the fly, methyl a-D-glucopyranoside stimulates the sweet receptor. Like
inositol, it has one axial substituent. Methyl f-p-glucopyranoside, which by analogy
resembles scyllo-inositol, is much less effective. Significantly, 1-deoxy-p-glucopyrano-
side (1,5-anhydro-p-glucitol) is also stimulatory in the fly%:15, It may ultimately mean
that the Bombyx cyclitol receptor is relatively insensitive to substitutions at either C4
or at C6. Other than the cyclitols, we have established that galactinol (1r-1-0-¢-D-
galactopyranosyl myo-inositol), quebrachitol (IL-2-0-methyl chiro-inositol) and (=)
quercitol (11-1,3,4/2,5-cyclohexane pentol) are ineffective in stimulating the Li
receptor. A postulated role for myo-inositol as a taste factor in the mulberry leaf for
the silkworms8 is of some interest, although the ubiquitous distribution of myo-inositol
among plants and prevalence of inositol receptors among other lepidopteran larvae'®
do not support the idea of a selective role for the inositol receptor in host—plant rela-
tionships.

The result obtained with the L1 receptor of the silkworm indicate that the
response magnitude is proportional to the number of receptor sites occupied by a stim-
ulus molecule according to Beidler’s taste equation, originally proposed for the salt
receptor of the rat? and subsequently applied to the labellar salt receptor responses of
the fly?. Stimulation of the labellar sugar receptors of the fly by disaccharides shows
similar kinetics but monosaccharides gave somewhat anomalous resultsl6. These
latter findings were interpreted to signify that either a sugar receptor site is composed of
two subunits each of which is simultaneously occupied with a disaccharide or two
monosaccharides or that allosteric transition occurred in the receptor site. Alterna-
tively, the formation of a multimolecular complex between stimulating molecules and
the receptor site has been suggested for the sweet receptor of the rat?9. The present data
are consistent with the idea that the two cyclitols are simply stimulating the same site
and that this stimulation results from a 1:1 complex between the stimulus molecule
and the receptor site. The cyclitol receptor would thus seem to be a useful system for
receptor interactions. Unlike the fly, where relatively high concentrations of sugars are
needed for receptor stimulation, the larval inositol receptor is several-fold more sensi-
tive. In the tobacco hornworm, the lateral hair inositol receptor is reported to detect
5-10-6 M inositol!®. Such sensitivity may be important in view of the vitamin
function of myo-inositol. While behavioral evidence for selection of a diet containing
this vitamin is well known!4, the mechanism for this selection is unknown and may be
related to the present confirmation and extension of the work of Ishikawa et a/.13. Not
only is the unnatural cyclitol epi-inositol stimulatory at the Ss-I hair, but it appears to
act at the L receptor and with a similar threshold and saturation kinetics. It remains
possible that still other natural myo-inositol derivatives play a role in the function of
the L hair.
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SUMMARY

The specificity of the ‘sugar-sensitive’ hair (Ss-I) in the silkworm to the 9
isomers of myo-inositol was studied electrophysiologically. Of the 9 isomers only
myo-~, epi- and allo-inositol elicited receptor activity. Using various mixtures of these
cyclitols and sucrose it was determined that the inositol receptor located in the Ss-I
hair responded only to myo- and epi-inosito]l while allo-inositol stimulated another
receptor in the same hair. Threshold and magnitude of response of this receptor were
nearly the same for both cyclitols. Configurational specificity of the inositol receptor
and its role in taste and lipid metabolism are discussed.
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