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BENERAL ABSTRACT
L/

.

The positional information of a stimulus encoded by a
group of labellar gustatory sensilla, _the "largest” hairs,
was studied. There are 11 largest hairs arrayed along each

labellar lobe. Each hair contains ﬁvn‘ sensory cells. Four

\

cells respond to chemical stimulationy; two to salt, one to

sugar and one to water and the fifth cell is a

mechanor.cnptl:or. Individual or pairs of hairs were

stimulated with sugar or water to elicit a proboscis

extension. The direction of proboscis axtension is graded

— -

according to the position on the lobe of the hairis)

T

stimulated. Hairs; situated on the anterior region of the
lobe elicit anterior extensions, posterior hairs elicit ~

posterior extensions and mid—level hairs give lateral

extensions.

The central morphology of collg contained in the

largest hnirl wWas 'ltudind to determine 'uh.thur the

[

individuality of each hair observed in t!\n behavioral
experiments is Vrphm:tnd in the #ield of ‘tnrnlnnl‘
arborization formed by the cells innarvating ig: ) Thorg was
no Eontinuous~ lo!natotopic repressantation of the hairs. ,
Instead, the central morphology of the i1 hairs fell int;
three groups. Anterior hairs 1 and 2, mid—lcg.}l hairs JI
through \ 8 and posterior hair; @ through 11 each formad a

distinct central branching pattern in the  sub—-ssophageal

/ -
. -2
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RESUME GENERALE

La possibilit® qu un groupe de sensilles gustatives des
label les, nomm@es les "plus grands" poils, encode la
pasition d'un stimulus a 6té ét,udi 6. Chaquw‘"’- lobe des

labelles porte 11 poils "plus_ grands" disposés regulidrement

—

sur sa surface. Chaque poil contient cinqg cellules

sensorielles. Quatre poss@dent une sensibilit& ghimiques
LR
deux- au sel,’ une au sucre et une d 1'eau et la cinquidme

cellule est mecancreceptrice. Les poils-ont &tk stimuldés

individuellement ou par pairs avec une solution sucr fe ou de
l1’eau pour obtenir une extension de la trompe. La direction
de 1 ‘ex‘tensiop de la trompe est dépendante de 1 'identité du
poil stimulé. La direction de la .reponse refldte la
position du poil sur le lobe. Les pc;ils situfis sur 1la
region antérieure du lobe engendrent des extensions plut&t
antérieures, ceux situés postérieurement engendrent des
extensions post@rieures et les poi/ls‘i mi—niveaux produi:nnt

\ « Tw X
des extensions latérales. : L N

~

L

La morphologie centrale des cellules i ionervent les

poils a &té etudife pour déterminer si 1 morphologie de

1‘arborization terminale de chaque poil reflite
1'individualité '‘observée dans 1'&tude d
morp'holqgie centrale de chaqt..le poil n’est /pas distincte, les

poils sont ‘plutdt groupiés en ’3 cl asus.‘ Les poils .un et

L

?ﬁpoﬁ.}m-nt . La '
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deux, °"les poils trois & huit et les p&ils neuf A onze ont
chacun une différente morphologie centrale. 4
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PREFACE "
In accordance u:éh'th- options of ferad by‘thc’ faculty
of Graduate Studies and Research, this thi-i- is composed of
two papers. One paper is in press in ti\. journal Cell

Tissue Research and the other has been submitted to The

»

Jourhal of .Comparative Physiology. In both papers 1 am the

first author (and my thesis supervisor Gerald Pollack sscond.

. . N
author) and so am primarily responsible for their content

~ .

and the research which they involved.
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GENERAL INTRODUCTION
) 2
To understand the neural basis of a behavior, one needs
first to comprehend the physiology and mechanics of thé
various components of the behavior and then relate them to -

the physiology and anatomy of neuronal cells which mediate

the behavior.

The feeding behavior of the fly is a good model for the
study of principles in neulral circuitry. The small size of
the insect, the reliability with which the behavior can be
induced to occur and the ease with which s;/:m:ific. components
of its environment can be manipulated are but a few examples
of 'rchy this‘system has many times been chosen as a model .
Much is known about the mechanisms which gate the various
comgon,ents of the behavior. The fly approaches a food
source when attractive volatile components of that source
stimulate its olfactory receptors. Subsequent components of
the behavior are controlled by three sets of external
guétatury receptors. For example, when chcmor.copfor:
contained in tarsal sensilla contact food the proboscis is
axtended out (9; "the head ca‘pluln bringing its tersinal
segment, :l:he labellum, in contact with the food. The paired
labellar 1lobes carry aboral and oral gustatory sensilla.

Receptors contained in’ these are responsible for spreading

the labellar h;abes (Pollack, . 1977) and triggering imbibition

’
4

10 N



. (Dethier, 1976), ‘r.spoctivnly. Although under natural

. ‘ ' conditions chemossnsilla present on the labellum cou- in
contact with food only whan_ the proboscis has been extended,

usually by stimulation of the tarsi, a fly can be induced to

——axtend its proboscis by directly stimulating chemosensilla

on iés labellum (Minnich, 1931). Stimulation of single

"largest” hairs, a group of 11 labellar sensilla arranged

sequentially on each lobe (Wilczek, 1967), can induce a full

axtension of the proboscis. - . -

Whether or  not the fly extends its proboscis upon
stimulation depends on its physibological state. Hungry
flies and water deprived flies will more readily extend
their proboscis to sugar (Evans and Dethier, 19%57; Evans and
‘ ‘ Browne, 1940) and to water ’%ettuer, 1961) stimul'ntion;
respectively. Lower concentrations of sugar and adultu'rvatld
water will be accepted with increasing deprivation periods.
The strength of activity of the primary receptor cells
however does: not var"y with the fly’'s physiological state.
Their activity is directly proportional to the concentration
of the salt and sugar solutions for the salt (Evans and

Hu‘llon, 1962a) and sugar (Omand and Dethier, 1969) cells

rcspcctivcl:/, and inversely so for the water cell (Evans and
Mal 1on, 1942b) suggesting that an internal satiety
mechaniam, and not peripheral activity, sets the
receptivity level of the fly. Getting (1971) has shown that
. indeed the level of primary receptor activity required to’

elicit a motor response decresases with increasing starvation

11




. 4
period. The frequency of initial sensory activity required

to elicit a mqtor response was 2 times ¢greater for flies’

starved between 62 to 66 hours than for flies starved 70 to

Several muscles are involved in the cxtnngian and

72 hours.

-

steering of the three s‘-gmnnts of the proboscis. The most
proximal segment, the r:o:strum, is extended out of the head
capsule -~ by contraction\ of the paired fulcri (roqt}'_nl)
protractors (Van der Starre, 1977; Thomson, 1977). Four
other sets of muscles control the extension and lateral
movements of the haustellum and labellum. (Dethier, 1939).
These five sets of muscle allow for cons.iderable mov.m;nﬁ
control of the segments of the pr:?bcucis. Yetman and
Pollack (1984a) (Chapter 1, this volume), have shown that

the proboscis can indesd be extended over a wide range of

angles by stimulating individual or pairs of largest hhirs.

The directional component is dependeant on the iderttity of
the hair stimulated. They have suggested that individual -

hairs, through  different interactions with second order

neuraons, activate the muscles ~of the _p-roboscil

di fferentially so that anterior hairs, for example, drive
\

the proboscis anteriorly, lateral_hairs cause rather skewsd

lateral extenslodns and so on.

s

-

Recently Van Midr et al. (1985 have traced the

dendritic fields of motor neurons innervating mugclcs which

N -

.’ . -
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;antrai the extension of the proboscis. JThcsc cells branch
cxtnnsiycly in chc sub—csophagcal_ gangli?n. Yetman and
Pollack -(1986b) (Chapter 2, this volume) have demonstrated
that the synaptic +field of receptors contained. in the_
largest bhairs ‘is 'also restricted to the sub-esophageal
ganglion. 1t is therefore possible that the rnc‘pturs be
connected dircctl} or fhrough\singln intnrneﬁron-s which lie
within the sub~esophageal ganglion. Tﬁ? ‘anatomi;al
invc;tiqations have provided informatfon Abqut the probable
location of as'yet undi scovered link; in the pathway, It is
Nnow possibln to lcafch,for such-linés within the neuropile

-

of the sub-esophageal qanglfon.

v ‘ N -
.
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We . studied the direction of proboscis extension
jolicit;d by . stimulating each of an identified array of
gustatpry sensilla, the "largest” hairs, on the labellum of

ABSTRACT

1 +

-
a

the fly Phormnia ri&x‘na‘. “ Individual hairs, or pairs of

hairs, were gtimul"tcd with sucrose or water and the angle
| ‘ N

_of the ensuing extension of the proboscis was recorded. The

direction of the response was graded and depended on the

| identities of the hairs stimulated. Hairs situated on the

anterior region .of the labellum . elicited,_ anterior

N

extensions, mid-level hairs elicited lateral extensions and
posterior hairs resulted in posterior extensi ons.v Previous

studies of the la el*lnr' hairs havé been c_qnc.rncd with their

ol

X

encoding of the chnmiucal nature of  the stimulus. Our

-

‘ findings show that each hai'r also relays information about

its location. .The positional information provided by these
sensilla m:ny help the fly to orient itsel¥ with respect to a
food source. ) - . |

o

17 : ‘ :




~
*

INTRODUCT ION - ’

-«

~ The first step in the fly’'s feeding response, extension
. . ~ , .
- of the proboscis, occurs when chemoreceptors on its tarsi

ehcounter an acceptable substance as the fly wanders on a

>

substrate. Proboscis theniion b{inbs another set of sense

organs into play,, namely the taste hairs situated on the

:d

aboral surface of each labellar 1labe. fAippropriate

stimulation of  the chemoreceptors housed in these hairs

-

. causes the labellar . lobes to sprea& apart so that yet
anoiher group of Feceptors; which are situated on the oral
gurface, can 5émple the food and initiate imbibit;og (sew
_Detﬁier——197é“£or review). THiS'sequence aof movements is

3

'%fiented‘ in dpace with respect to the location of. the food

-

o _' . ' spurce. For example,’ ¥lies reliably turn in the direction

-of the stimulated leg before extending the proboscis

4

‘(Dethier, 1976). Similarly, stimulation of the labellar
. taste bhairs on only one side can result in asymmetric lobe- -
‘ - )ébreading¢ with the result ‘that the oral surface is

‘appropriately directed toward the food ‘source (Pollack,

1977). Although & great deal of attention has been focused

W

, on un&ersfanding how the fly's taste organs provide it with

. . N\ ; . '
_information about the quality of a potential food source,

fclntivefy little work has cxamined.hop the fly determines

b N - ‘
‘the location of the food source. This is the subject of the

[

;) present report.

Bl
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Dethier (1976) showed that a fly is able to follow a
narrow streak of sucrose solution using information obtained
from rccnpt?rs on the proboscis. We have investigated the
extent ﬂto which a particular group of taste sensilla, the
"largest” labellar hairs, carry information -about the
location of £he stimulus. Although labellar hairs'do not
hormally come in contact'with food until after the probo?cil
Bas been -xtnn;¢d, it hasvl g been known that uh;nﬂtarsal
stimulation is bypassed :tili:ation of the labellar hairs’
can elicit proboscis extension (Minnich 1931). In tho
present paper we ask uhnth;r the direction of praboicis

_extension depends on fhiCh o# the largest labellar hairs is
stinulnt.d; Each of the paired labellar lobes carries
approximately 125 taste hairs. Thess have been divided, on
morpholoqicaf grounds,  into six classes (Wilczek, 1967), one
of which is composed of the 11 lergesélhairs. Each largeé%
hair houses four chemoreceptors (so-called sugar, water,
salt and anion rccepté}s, - f&spectively) and ona

' mechancreceptor (Peters and Richter, 1965; Dethier, 1976).
In chgmo:cﬁlnrf' function the hairs are similar. They
differ, however, in their positions on the labellum, being

%lrrlng;d longitudinally with hair 1 most anterior and hair
11 most posterior (Wilczek, 19467). This spatial arrangement

allows the possibility that ghn position .of a stimulus, and
thus the direction of ghc response it elicits, could be

derivad by dotcrainin6 which hairs were stimulated. We find

." that the hairs do encode the location of the stimulus; the

19
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. direction of proboscis extension varies, in an orderly way, \
] o o with the identity of the hair that slicits the response.
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MATERIALS AND METHODS

.

- Phormnia regina (Meigen) ug-ro cultured in the laboratory.
Larvae were r.arod’on an artificial medium (Hill, et al.
1947) at 29° C. Adults were kept at 29° C from the time of

emergence until testing. All experiments were done at room

. temperature (21-24° C). g '

Newly hatched flies were given sucrose and water ad

6 libitum f':::r 1 to 12 days. . Flies were then altlowed only
. Qntlr for 3-8 days. After starvation, flies were
anao'sthcti zed by chilling and were immobilized, ventral side

uppermost, by fi):oing their wings, 1legs and head to a block

- oft wax. -

5‘
With the labellum in a retracted position, a sinjle

— = -

largest hair was ;timulntld by gently touching its tip with

a small drop of 1.@M sucroae solution extruded from the tip

of a micropipet. The droplet was kept in contact with the

’{ hair for—a maximum ofoﬂvc seconds or until a response
occurred. To minimize variability caused by ’ovaporatiun, a

o new ‘drop was extruded prior tS wach test. A particular hair

>
i
P
ve
%
* + 0
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3

=

o

of a given fly was tested only once (except when extension
was less than complete; see below). . Ten Qingtcl elapsed
between stimulation of different hairs of the same fly.
Stimulation somet{mcs -{ytitcﬁ only partial extension of the
proboscis. The Jngrcu of extension ua; Acas;rod accqrding

to a scale devised by Dethier et al. (1963). This numerical

14
scale ranges from one to six, with position one representing

very slight extension of the labellum out of the oral
cavity, position three extension of the haustellum and part
of the rostrum, and position six full extension of the

héustel@um and rostrum. If the extension }ficitcd -by
. . o
stimulating a particular hair was only to position two or

P

less,. the same hair was restimulated immediately, oup to

three times in succession. 1f a more vigorous r.spon‘o was

«

not. produced by this series of stimuli tﬁon no data were

collected <for that hair from that 31y.‘ To determine i+

stimulating‘ the hair more than‘once had an'044lct on. the
resul tant direction of extension, we compared the direction
obtained after single stimulation with that obtairfed after

repgated stim&lation for each of the 11 largest hairs. A

.

significant difference was found only for hair 3 (Manh-
Whitney U-test, p=.03). The responses to single and repeated

stimuli were therefore pooled in all statistical analyses.

'

To test the possibility that-the flies obtatned spatial
information about the stimulus from visual or offlcgory

cues, several sxperiments uurnlquférmnd with the antennae

and eyes of the flies covered with wax. -Eliyinatiﬁg visual

and . olfactory input in this . way —did ‘no affect the
. -0 .

-

- 22
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P

directionality of the responses (Mann-Whitney U-test, p>.05

for all hairs). The results from flies with unobstructed

s

and “unx.d syes and antennae were thesrefore also poolad.

-

8

4
The fly was placed under a dissecting microscope and

positioned so that the middle of its labellum was centered

in the field of view. A grid in the eyepiece ,of the

Lt

microscope divided the field into 12 sectors of 3@° each.

Two general types of extension were observed. In some cases

the labellum moved almost exclusively in the vertical plane,
upwards towards the experimenter, and stayed in the center
of the field of view. In these cases (when the labBellum
( remained within a radius of approximétely 8.6 mm from the
ceanter of the field of view) the responses were recorded as
"upward”. The freqency of upward responses was greatest for

hair 1 (20%), and was less than 107 for all other' hairs.

Upward responses are not considered further in this ’study.
In the majority of cases the extension of the probc:scis bhad
a strong horizofital component, which ’brought the fabel}um
;;or. than 0.6 mm, ; and often 1.5 mm, away frcm;'the center of
the field of view. In these ca?,es: .the horizontal component

of the direction of extension was estimated tg the nearest

15° using the:grid in the eyepiece (Fig. 1). .

/



Preparations . .
N #\

Newly emerged fliws were allowed free access to 0.25M
sucrose for one or two days. They were then deprived of
both water and sugar for an additional two days. The flies
were prepared for. experiments as described above except that
the tarsi were kept free of wax for future stimulati;an (see
below) . To prevent the legs from interfering ;ith labellar
stimulation they were restrained at the tibial-femoral joint
with miniature staples. f,

~

e
Expérimental procedure’

We found that, stimulation of single hairs, or e®ven of
two,f{?jaqenf/’hairs, with h'lltﬁr only rarely elicited
probosé:il, extension. In order to study the response to
water more readily, we increased the central excitatory
state (CES) of flies before applying the water stimulus.
Dethier et al.” (194635) showed that stimulating a fly with an

attractive stimulus (sucrose) increases its central
/

excitatory state, thereby increasing the probabili’{y/nf .

response to subsequent stimulation. Sinte the flies did not
respond to stimulation of one or two hairs with water, we
in;:rﬁaséd their CES a few seconds before each water stimulus
by stimulating the tarsi ‘uith sucrose. All six tarsi were
dipped simultaneocusly in ‘increasing concentrations ;36
sucrose (0.0463, 0.125, 0.25 and 8.3M) urn.:il the proboscis
was extended. Flies that did not’ respond to any of these
sucrose concentrations were discarded. Once a responss

occurred, we waited until the ‘proboscis was retracted again

~

24 *

\



(usuagly within 18 seconds) and then stimulated two

i

_neighboring largest hairs at the same time with a large drop
[ & » (
of water (stimulating only a single hair did not reliably

-

elicit extension even after increasing the CES).

ANALYSIS OF RESULTS

Tge results were analyzed with circular statistical
procedures (Batschelet, 1981). Two parameters were computed
'for wach popul ation of respoﬁses, the mean direction of
extension an\d an index of the variability of the response,
the r value. r dpproaches 1.0 when, the responses are
clustered and decreases, to a minimum of 0, with increasing
scatter in the data. The results are plotted as polar
diagrams. The mean direction of extension is represented by

the direction of an arrow and the r value is represented by

the arrow’s length (an arrow equal in length to the radius

-

of the diagram corresponds to an r fvalue of 1.8). Thg
diagrams were constructed as if all stimuli were applied to,
left hairs (which was true in the majority of the
uxp.rimonts). \ Responses to stimulation of right hairs were

-

adjusted ,by reflecting the angles’ of extension across the

midline.
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RESULTS )
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The distributions of the directions “of proboscis
extension. for an anterior hair (hair 2), a mid-level h‘air‘
(hair 6) and a posterior hair (hair 10) are shown in Fig. 2.
It is clear that, for each of th; hairs, th; rnnponu; are
clustered around a particular direction, which is hair-

¢

specific. Fig. 3 summarizes response directions for all

o

eleven largest hairs. It can be seen that the direction
.changes, in an orderly\and continuous manner , according to
the identity of the stimulated hair; anterior hairs elicit
anteriorly-directed extensions, mid-level hairs elicit
lateral extansions, and posterior hairs .11:11; poltofiorly—
difected extensions. Thus, the s-nso;'y Mlsadn generated b;r
stimulating a single largest labo}lar hair with‘ ‘IUCFDSQ‘
includes information about’ the idcntif:y of the hair, and
therefore at;out the location of the stimulus.
_ ‘ ; :

Stimulation with uater ‘ N

e VD s s G G e G e D R iy . T — "y - —

Stimulating a single hair, or even two adjacent hairs,

!

of a thirsty fly with water did "not"rol,tlb\ly elicit

.

extension of the proboscis. However, when, thg' central
excitatory state (CES) was increased 'ju‘slt before 1labellar

stimulation with water, simultanecus stimulation . ofl two

adjacent hairs did consistently elicit ’rcsp,o‘nus (see@

26
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Materials and Methods). 7o q.t.rmin- whether this osethod of

o d * ~
stimulation obscures the directionality of proboscis

-

g 'cxtohsion,l we stimulated pairs of hairs in CES-snhanced

flies with 1.0M sucroi..“
\

Fig. 4 illustrates the results of this control

loxpctimer'\t. - The mean direction of extension for the {iv§\ .

most anterior _pairs of hairs (142 through 35+6) varied
betwean 94° (hairs 4+5) and 1312 (hairs 5+&), but with no

nppa'ront correl aton with hair position. For the posterior

o

pairs of hairs (4+7 through 18+11), the mean directions of

the résponscs were graded .according to the hai‘r;a' pos:l,tiorir..

-

Many f the r_eséonse‘d;lstributions for. the anteridr
pairas appear” to be bimodal. Tﬁis is most evident for the
‘pairs 1+2, 2+3~and I+4 as 'indicat;ld in Fig. (4. Inspection
the pc‘:ltnrior". responses may vary '\sysih:'ematicl:ally\ with, ,thl
identities of the hairs ;stimulatgd. .I-F this were true then

_ the unimodal 'distu;ibut;ions of rcs;;on:sos- seen -F;:r more
posterior p.lirslbf l:\a@rs mig\ht be sxplained by the greater
cqincf@cnco boteum the ar_'»gln of extension 'dcé\nrninnd ‘by the
identities of the stimulated hairs and Ythe angle typ'ical of
hair-indnpmd-r;t rl;pons-s‘\. /In order to _i.nves‘tiq'ate the

possibility that the responses to simul taneous stinulabti'on

of anterior pairs of hairs fell into two classes we &ividcd Z

the responses for sach of these pairs into two gr;:mps“, those

"uith extension angles clockwise: of ;08“,' up to 1272 (the
- - . A F a i . L

1
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of these distributions suggests that the ’aﬁgnrior, but  not -




3

5
-

. - presumed hair-dependent group) qand those ' with extension

. angles clockwise of 128°, up to 3@7° (thq'pr-:umd hair-

-

inciepcndcnt group). I&'{‘“’ limits were chosen both on the

I

basis of the distributions of the responses to the first

three pairs of hairs and b-cauin they -includn i the. mean

-

dirnctions of extension for singlq-—hair stimulation of hairs .
1 through 6. The e{-fect of s:paratinq th- rcspon;u 1n thtl

way is shown in Fiq. S. The two subqroups of r.sponics are

' I

demarcated by a dashed line. The means for the. résponses .

that are pm(uﬁed to \iary with hair idcntity irc indicltcd

¢

by dashed arrows, and those that asze presumed not ‘to vary

)

systematically ‘with ‘hair identity are indlcated by solid

. y"
arrows. Responses in the 1,( tter subgroup differ

-

’ VoL Lo ! L . i
significantly among the pairs of hairs (p < 0.083, Kruskal- "
Wallis  test), but there is .no systematic relationship

between the direction :‘of extension and the positions of the

3

hairs that were stiinulated'. ‘Ir‘w contrast, the mean

directions of cxtennon "for the prnsum-d haxr-d-p.ndcnt

-~ “y

subgroup of responses (uhu:h also differ siqnificantly frc'uu'

‘one anothery p < 0.103) do vary systlmati,carlly with _hair

position,  ranging from 5&4° for hairs 142 t0.102° for hatrs
5'.'6- . ' " —

'Fib'. b sumur.izes ‘the response dirtctions for the ten

’

pairs of hairs. The means for th. anturior 5 pairs u!rn

- ,

calculated only from thc rcsponscs ‘that. 11- clockwise of

«308", up to 127°,_whi»1d those for thq' postcriog' pairs



include all responses. It can be seen that, as for single-
hair stimulation, the direction of extension varies in an’

ordnrly'mannor with the identities of the stimulated hairs.

-

s -

We used the same dual-hair paradigm to test uhct!‘tm;“
‘"information abc_autf the location of afwa\te'r stim\.;lus is é\lso '
provided .‘by labellar h’airs. . Fig. 7 sl:mws rQSp;::nses to
stimulation of hairs 2+3, 6+7 and 1@+11. The distributions
of responses were similar to those just describ@dl +or
' sucrose. Responses to‘stinulatioq of posterior pa:.rs of |
hairs . were unimodally distributed while respnnses to
anterior pairg appeared to be bimodally distributec_l (Fig. 7,
h;nirs 2+3). The responses for these ;lhterior hairs (pairs
142 through 5+6) were divided into the same two sub-groups
d-scribcd above. . . e . \‘

~

!
!

Fi'g’.’ 8 summarizes responses to water. :As in ?iq. &,y
tr;c dashed .arr;'nuq éor the nntn;c;r pairs of hairs r@pres-nf.
m‘nans ci:m;putédl from responses thatl fcl-i bat\ucen, ."{08‘3 and
1_27°. It éan be seen thail:,. with thclexception of the pair
—130-2, rnspnnsc dirdction is continuously graded acr:qrdan to,

hair posi tion. Thus, the 1 argest 1 abel lar hairs provi dl .

1nfordltion( about the location of a water sttmlu! as uell a\s
-

. 1

' of a sur.‘rou lti ‘)175.

-~

‘
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DISCUSSION -

l_.pc:a]_ization of a chemical stimulus with a recsptor array

% %P4 G4 - PO — S — T PP )

a

There are two u.ll-documntgd guncral strategies that
-animals use to obtain spatial information about a chemical
stimilus (Bell and Tobin, 1982). . One is to move through the
‘environment and compar". samples taken in diffmrent places at.
different times (klinqtaxiis: Havukkala, 198@8; Bell -nd‘
chﬁin, 1981) and the other is t;: con{parr the activity of
spatially separated receptors which simultaneously nmbln
- dxfferent reg.ons of the environment (trobotaxin, Martin,
1964; Bell and Tobin, 1981).  We have demonstrated that
4—1195 use a third sér;ateqy; they derive spa‘t}al information
about a taste stimulus by"dntnﬂn’ining\uhic—:h receaptors within
a spatial array have been it'igulat-d. ISuch a boirgt-to—pdint'
m;pping betwgm receptor arrays and oriented b'lhavi'c;ry is
" well—known . in visual ruspong\es (Sperry, . 19‘51:) ., and
somatosensory responses (Levine et al.' 19853 Cahmi, 1574),
but it ‘has only rarely been implicated in chemosensory
responses. A chemosens?ry example has‘ recently been
reported By Morita and Finger (1985).  They gncribl& the
orderly p'r.ojlcfions into the c,ntral nnfvous let‘nn,o§ taste
receptors that are spatial l.y arrayed in tl':\c qblt;ftsh'l,
mnutﬁ, and suggested that they miqht be involved in thc'
fish's selection of food items for ingc:tian from diff.r.nt

rlgions o# thI mouth.

a . - N I \
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The labellar bhair is not an exclusively éhcmoscnsnry

sensillumj} it also houses a machanoreceptor. It is

'possibl.\ therefore, that the !patial information r.v'-alcd‘

in our mﬁpori mnts was provided not by chemoraceptors but by
mcchapgru%‘:nptqrs. We' feel this is unlikely. ' Our. sti muli
weres : applied gently, without noticeably | bend1 ng o\r .
di s;?l acing the hairs. Unpublished el ec"t(ophysi ological
-xpi‘rl ments, ) in which we recorded from ta’s‘te hai r:s under a
variety of stimulus . conditions, suggest that the

mechanoreceptor would not haveAeen activated by 'our;

| stimuli. | It is possitle, however, that the mechanoreceptor

might have been stimul ated by renewed contact between

- Yabellar hairs and the stimulating pipét acs the prc;}bosg:is

’ \d

béq_an to- lcxtcnd.~ ‘Al,though ‘we cannot rule out this

possibility for the majority of our experim.ents, ~ sometimes

'_t.h-"; pl"obn-cis ' was. extended slowly enough - - that the

~

; stimulating pipctA could be removed in time to. avoid with
. cartainty renewed contact with the hai_ré.. The directions of

,these slow responses dlpended on hair identlty in a° mannher

gimilar to that .E:scribcd for the responses as a whole,.

Furthermore, it is possible to detect hair-dependent

differences in the initial components of the proboscis

extension. When posterior hairs are__stimulated, for.

-
/

cxampln. the haust.llum, a distal anmc‘ﬁt of the probos:is,

ucually unfolds ﬂrst frpm the mre proximal rostrum, vghicﬁ

’

only latur is thmdtd «Frm thc head capsule, whereas when

anterior hairs vll"l stimulated q'xtension of the rostrum

]
=~ ;
“\‘ . v
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. 4
occurs shortly before or at the same time as extension of
the haustellumd This suggests that the direction of the

extension ig, at least in part, prdduktnrminnd at the anset

of the response, p‘robibly by the activity of chlmoscnsory'

cells.

~
LN

_Dire;tional extension ;:4 ‘the proboscis was obtained

1

both Qitb sucrose and water stimuli. Water stimulates the

water receptor exclusively (Evans and ﬁelon-, 1962), whereas

sucraose solutions can stimulate both the sugar and water

)

receptors, with 'tt}e degree of excitation of the water
L4

[

réteptor inversely ' proportional to the sucrose
concentration. At the‘q,gncentratio\n used in our axperiments
(1.8M), activity, of the water receptor is substantially
depréssed (éees, i970) . It is ;:;ossible, therefore, that
bgth‘ tf'\e isug?r and ugter reccpto'rs carry information about

stimulus ‘lwocation.

hY
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Stimulating labellar hairs with water or sucroie after
the CES was raised by tarsal stimulation with sucrose
elicited a lirge number of posterior extensions which did

not vary systematically with hair identity. In some. Cll.l'l,

the fly appeared to be. attempting to bring its labellum and

]

,tarﬁ,. in contact. For several seconds following probc\n:is

extension, the labellum moved in a probing manner and the

e

prothoracic tarsus ipsilateral to the stiuﬁulatod labellar



'gn.t '

-
’
. .

f
hairs was bent towards the head. The proboscis was ‘only .

rarely extended towards the tarsus of the unstimulated side,
suggesting that even in these apparently non—hair-specific
extensions the labellar hairs controlled some component of

the .direction of the rcsbonsc. These results also show,

_however , that the direction of proboscis extension is not

exclusively determined by the labellar hairs, because tarsal

'stimulation’ also has an effact. Stimulation ofg labellar

hairs in these éxperiments often followed tarsal stimulation

’

by several seconds. The tarsal effect on directionality

was, therefore, a long-lasting one. Its long duration is

s e v

1t

possibly due to continued chemosensory input provided by

residual sugar on the tarsi.

o S S U 4o v — g —— i i G G e e e S i e (e S o o

The 'finding that the dirncg}on of proboscis extension
varies according to the identity of the hair(s) which elicit
the response implies that sensory neurons from different
hairs make hair—-pcclfiﬁ‘choic;l in the selection of, or
strengths of interaction with, the second-ordér cells with

which they synapse. Work' in other systems (Levine et al.

-1985, Bacon and-Murphey 1984) has shown that one important

. - : )
factor thag determines the connectivity of receptor cells is

the region of their termination within the central nervous
system. Yetman and Pollack (1986) mapped the central
projections of the largest hairs with cpbalt staining and

found that they fall into tﬁro. distinct groups, comprising

[




hairs 1 and 2 , hairs 3 through 8, and hairs 9 through 11,

N

respectively. .The projections from the individual hairs
o within each of these groups are similar. If therxegion of
central termination were the only d-t.rm::iht of

connectivity, then it might havc.bcen axpected that the

s
- &

response directions would fall into three clusters, each
corresponding to one of the anatomical classes. In?tcad, we
found a continuous grgdation of directions. These results
imply tﬁat sensory neurons from different hairs can dg##.r
in their central connectivity even though they project to
the same region of the central nervous system. A similar
conclusion was reached by’Hﬁrphey at al. (1984), who found
that mechanoreceptors associated with different sensillum ;
types on'the ceréi of crickets (clavate hairs and 4i11§6rm
9/ hairs), whi:r; code for differenq modalities (detection - of
orientation in £he gravitational field and of air
displacement, respectively), terminate in the same region
of the last abdominal ganglion, but nevertheless probably
select differént postsynaptic targets. - Invthn case of th;\*
fly, the sensory neurons in question are associated with the
same sensillum type (largest labellar hair) and code for the

>

same modality (either sugar or water).

Role of spatial information in bshavior .

The behavior that was studied here, extension of the >
[ W, .

) proboscis upon stimulation 'of labellar taste hairs, does not
P

occur under natural circumstances because the labeller hairs

34 : 0
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norsally do not come into contact with the stimulus until

after th‘o proboscis has besn extended. Nevertheless, the

G cn'codiunq of spatial i n#ort;n-ti on by’ thos; sensilla may be
relevant to  the natural feeding behavior of flies. One

' - component of this behavior is the ‘ "dance". This is a
1 c;c:omotor pattern which is adopted when imbi l:;i tion of a

small amount of food has left the fly unsated. The dance is

thought to serve to increase the likelihood of the fly's
) encountering additional food patches (Dethier 1937; Nelson
1977). During the dance the proboscis is repeatedly
extended and retracted, a; if the fly is p;-obing the surface
with its labellar chemoreceptors. It seems likely that, if
this labella;' prabing is successful in discovering a food
source, the spatial information provided by the labellar
hairs may be used to orient the fly, or its proboscis, with

(;”‘" respect to the stimulus.

0
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Fig. 1 Measurement of response direction. The fly was

viewed through a grid placed in the ocular of a dissecting
|

microscope, and the horizontal component of the response

Edirection was measured to the nearest 159, The dirnction. of

the response illustrated here would be recorded as 75°. )

l a.’*
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Fig. 2 Polar diagrams showing the di;ﬁribution of the .anqlﬁos

of extensions obtained with stimulation ‘of. hairs 2 (A) y 6

(B) and 18 (C) with 1.0M sucrose. The lengths af, the bars
L . R .

radiating from the circles are \prop'ortional to the number of

responses at each direction. The arrows pRint to ~th. mean

directions of the responses, and the lengths of the arrows
~ -‘ « i

indicate the variability of the responses. N = sample siiu.

' )
< - - .

\ 1
~ 1
N s 1 N
0 h . é .
L \ ~
’ . ‘~.,.,,\ ) P m\.\



7 .
N
(
+ -
4
.
.
.
P
1
~
. -
'
PR

¢

)
. -

o
-

P
_—
'
>

»

. .
e
>
“a .
. + ‘
A
. . .
%
. 3 .
) W
.
‘e
N N
: ~
. .- - .,
‘ .

-
-
'
-
[N
' »
—— -
!
.
. .
LI
.
g
‘
- .
.
»

[

a

!



¥ ) -
1 ]

Figi. 3 Summary‘ diagram illustrating the mesan response

~

directions- tn ' stimulation of 1nd1vidual hairs uith 1.0M

.
Pl

‘. sucrose. The hair corresponding to each arrow is indicated

N Pl ’

~on the..periphery of the circle. The samplc sizes for ‘mach

141 (7)), ISO (8), 129 (%), 120 (1@, a1 (1,

42

*  hair ares 53 (1), 54 (2, &8 (3), 9% (4), 154 (5), 110 (&),
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Fig. 4 Polar diagrams of the responses obtained with
stimulation of two labellar hairs with 1.0M sucrose in CES-

» enhanced flies. For hairs 1+2, 2+3 and 3+4 the bimodal .

_nature of the distributions of response. directions  is

~

indicated. -The hairs stimulated and the sample sizes are’

<

indicated within each diagram. . . - : )
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\
Fig. S Polar diagrams of responses for the first five pairs
of hairs, redrawn from Fig. 4. The responses are divided
into twa groups by the dashed line and the mean direction of

each group is shown. The dashed arrows indicate the means

of responses falling betwee: 308° and 127° (the presumed

N S
hair-dependent group) and the solid arrows indicate the

means of the responses be_tuun, 128° and 387° (the presumed

_ hair-independent group). ' §

' a4 .
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Fig. & 8Summary diagram of the mean angles of extension
cbtained with simultansous stimulation of two labellar hairs
with 1.8M sucrose in CES-enhanced flies. The  means
illustrated for the first 5 pairs of anterior hairs (dashed
arrows) were calculated from the responses falling between
388° and 127°; the means for the 5 posterior pairs of hairs
(arrows with solid lines) were calculated from the whole

popul ation of responses. The hairs corresponding to each

arrow are indicated on the periphery of the Circle. The
sample sizes are 13 (142), 9 (2+3), 10 (3+4), 168 (4+35), 13

(5+6) , 18 (6+7), 26 (7+8), 24 (8+9), 23 (9+1@), 16 (18+11).
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Fig. 7 Polar diagrams illustrating the responses obtained
with simultaneous stimulation of two labellar hair with
water in CES—-enhanced flies, for hairs 243, 6+7 and 10+11.
The responses to hairs 2+3 were divided into two groups as
indicated by the dashed %ine. and the mean of each group was
calculated separately; the arrow with the dashed 1line

represents the mean of the responses falling clockwise of

@

388°, up to 127°, and the arrow with the solid 1line

indicates the mean of the responses clockwise of 128°, up to

3aze, For bhairs 6+7 and 10+11, the arrows point to the

means of the whole populations of responses.
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Fig. 8 Summary -diagram of the mean angles of extensions
obtained with stimulation of two largest labellar hairs with
water in CES-enhanced flies. The means for pairs 1+2
through 5+6 (arrows with dashed lines) were calculated for

the responses falling between 308° and 127°, and the means

for pairs 6+7 through 10+11 (arrows with straight “ﬂg"_

were calculated'for all responses. The sample sizes arc|-9
. ! / X
(142)y, 7 (243), 4 (3+4), & (4+5), 8 (S5+6), 19 (6+7), 31

(748) , 22 (B+9), 26 (9+10), 11 (18+11). B
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ABSTRACT

;,!: ‘have traced thé central projections of the receptor
neurons associated with each of the eleven "largest" taste
hairs oOn the labellum of the ‘blowfly, Ehégmgg regina
(Meigen), by staining them with céﬁaltaus. lysin-. The
eleven hairs fall ingo three grauﬁs which reflect their

peripheral locations .and their branching patterns in the

subesophageal ganglion. Group 1, consistingldf the tnterinr'
hairs . (numbers 1 and 2) and Group 3, consisting of the
posterior hairs (numbers 9-11) project bilaterally, while
‘Group 2, consisting of the middle hairs (numbers 3-8)

projects primarilylipsilate}ally.l The central lprojectionl-

" of the hairs within a single group are similar.

r—
a

Each hair houses four qhb&orecepfors. "uhiqb have
difflrihé chemical sensitivities and behavioral rolis; and
'onc mechanoreceaptor. In séﬂe‘case;, there were indications
that the different cells'within.a single hair h;ve diff.r-nt\
;cntr‘l Sranchinq pafturns. Enr some hairs, hnwever,‘it was
:}onr thaf a.singli‘é;ntfai-brgncginq region and ba%tnrn was

‘'shared by more than one recepter—cell.

e -

\
r

We failed to #ind either a continuous 'scmatotopic
- representation of a hair’'s poiitioﬁ'oh the periphery, or an

anatdmi;il s-qfcgatiqn ‘o§‘rncgptors,codiﬁg for different

4

49 § ‘ -




R

ot represented on a gross anatomical level.

O

&
modalities. Bih-vioral axperimssnts indicatc that the fly is
informed both of the identity of the hair stimulated and of

the stimulus. - Our results suggest that this information is

-

KEY WORDS: Chemoreceptors — Central projections - Blowfly /~

Somatotopic map — Phormia r
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Feeding behavior of the blowfly has long been a nmodel
system for studies of chemoreception. Several aspects of

12

this behavior, including the physiology and ultrastructure
of the chemoreceptors, the central integration of stimuli, :
the anatomy and physiology of the feeding appar'at’us‘, and the
regulation of feeding by satiety cues have been thoroughly
studied (see Dethier 197@'{or re\}iﬂf). A notable gap in our
Ct{rr-nt understanding is the paucity‘of knowledée about the
e ‘ central neurocanatomy of chemoreceptors. - The present paper
provides an’ account of the projections in the central

nervous system of one group of these chemoreceptors, those

c " of th: largest labellar hairs.
. ) .\ | ,

The flyJ possesses gustatory receptors on various
regions of its body. Those that are maost important for
initiation of <feeding arc taste hairs that occur on the
tarsi and  mouthparts.  Stimulating these hairs with an

. ‘ . attractive stimulus causes the fly to extend its proboscis.

| Al""i.\'m nl'ur%l are associated vu‘ith\;-ac':h taste hair (Paters and
‘Richtér 1965). Electrophysiological ‘investigations have
dcaqn;tr;tnd that one of these is a qnchanorccnp!:.ur and that\\
the four rcmai\ning cells ‘a;'e' contact chmor‘ncoptors of
diff.rpnt; modalities. Bacauss of their ~ chemical

,.re s sensitivities, these have been’ \rofcrr-d to as sugar, ‘ salt, |

14
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water and anion receptor cells (Dethier 1976). In gh_gr_g;'_g
reqina, ) there are over one hundred taste i'\airs on Ica'ch of
tl;- bilaterally symmetrical labellar lobes. Among these are
IlIVIn’ ‘largest hairs’ (Wilczek 19&67) that are arranged
along an anteroposterior axi’s (Fig. 1). Because of their
favorable position and size, and their 1dv.ntiﬂabilit; from
f}y to fly, the largest hairs have been used extensively in
cim:trophysioloqical and boh;vipral studies. ‘Y-tman' and
Pollack (198%) obseérved that stimulation of indivi‘dual
largest hairs results 4n a. directed extension of the
‘proboscis. ¢The angle of extension within the horizontal
plane’ depends on the identity of the Hair stimulntlﬂ,‘ and
corresponds to the position of that hair on the labellum’'s

surface. Thus, the identities of the individual hairs are

maintained within the central nervm.?s system? The presant -

study seeks to determine whether  this individuality is

ruflct:éud by the central anatomy of the neurons associated

Ed
with the hairs. We show that the axons of the cells froa

the largest hairs branch and terminate in the subesophageal ' .

ganglion. Furthermore, we show that-hairs that elicit
differently directed proboscis extensions may share a comson

central. branching pattern.
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MATERIALS AND METHODS

Male and female bloufii-s, Phormia regina Meigen, of
various 59-3 ware used. The central morphology of receptor
cells contained in each of the eleven largest hairs was
demonstrated” by cobalt staining. The fly was immobilized,
ventral side uppermost, by attaching its wings to a bed of
uﬁy'uitﬁ a warm needle. Its proboscis was gently withdrawn
with forceps rnd stapled to a wax pillow. Wax was also used
to _hgld- the labellar IAobes closed and immobile. A
micropipet filled with 37@mM cobaltous lysine (Sg:inger and
Prakosch 1982)_cnntainihg 1% triton-X 100 was positioned so
that the tip of  the hair to be filled penetrated the

solution. The st;ih thus had access to the dendrites of the

 receptor cills, which lie within the lumen of the hair, via

its terminal pore (van der Wolk et al 1984). The stain
remained in contact with the hair for 18 to 24 h at room
temperature. The cobalt was then precipitated by soaking
the dissected head ganglia for\lo min in physioclogical
saline (Normann and Duve 1949) saturated with hydrogen
sul fide. The tis;ﬁl uas‘ fixed in Carnoy’s solution,
dchydratud‘ in absolute alcohol, and cleared in methyl
salycilate. Silver intensification was carried out
accordina to Bacon and Altman’s (1977) method. Whol e—-mount
preparations were msounted in Canada Balsam. S-lecfnd

9
preparations were eambedded in soft Spurr’'s medium (Spurr

-
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1969) and/~ sectioned (180 or 14 ym in thickness) in the
horizontal or sagittal planes. Some sections were
caunterstained with @.1% methylene blue in 1% borax.

Stained neurons ware photographad and drawn with the aid of

a drawing tube.

{
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fills of single hairs usually resulted in several (up
to 4) cells being stained. It was usually impossible  to

make out the central branching pattern of each individualq

cell because the processes of different fibers overlapped
extensively. Therefore, ;xc-pt where otherwise mentioned,
the .-Follouing descriptions refer to the overall central
morphology revealed by all the fibers filled wi:thin one
hair. The branching pattern formed from cells within any
particular hair was found, in general, to be consistent from:

-one preparation to another, although some variabi lity, as

‘ G described below, did occur. In the descriptions that
| ‘ follow, bhairs are groupcd according to their positions on
o the labellum and the similarity of their cenf:;nl—*_“ )
projections. (-‘

-
L4

- Anterior hairs, 1 and 2

The following description is based on 12 filis of hair

1 and 22 fills of hair 2.. A typical projection (from hair

1) is shown in Fig. 2A. Axons enter the subesophageal

gangl i.:\on anteriorly and ventrally via the labial nerve.

___ dust dorsal to the entry point they give off dense
" contralateral branches (labelled VB in Fig. "2A) and lateral
branches in the ipsilateral hemsiganglion (LB in Fig. 2A).

o ' More dorsally, a second, iess dense group of fibers courses

o
;,: B "~ [
[ o - 0 55 h
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madially (DB in Fig. 2A). Two fortuitous preparations in
which only a single cell was stained suggest that' different
1ndividuf1 cells may contribute to different features of the
overall pattern. The cell illustrated in Fig. 3A has both
do;zal and ventral contralateral branchcs, but lacks a
lateral projection. The cell in Fig. 3IB has a vcntrai
contral ateral projection and a lateral branch, but no darsal
medial brojection.lln several multiple-cell fills, including
the one shown in Fig. 2A, a cell with yet &nother morphology
c&hld be identified (Fig. 3C). The axon of this cell enters
the subesophageal ganglion and travels dorsally, without
branching, for approximatelyn 138 ym. Then, at a level
slightly  dorsal to ‘the previously describgd dorsal
contral ateral projeétion, it sends diffuse branches both
iaterally and medially, the latter crossing the midline. A
cell with similar central anatomy was ocbserved in at ]least
one ill of each of the eleven largest hairs. Throughout
this paper we will refer to cells of this type as Dorsal-
most Bilaterally Projecting Cells (DBPC).
po .

There mas variabili€9, both within and among hniri, in
the details of ‘the projection patterns. The ventral
contralateral projection was observed in all 12 fills of
hair 1, but in only 19 of the 22 fills of hair 2. In the
remaining 3 cases the medially directed ventral fibers
stopped at the midline. The dorsal contralateral branches

3

(excluding those due, to the DBPC) were observed in 9 of the
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12 +ills of hair 1 (in 1 case there wa:Ano indication of‘

these branches; in 2 cases they were prlnscnt, but failed to

(’ _cross the wmidline) but in only 3 fills of hair 2 (n ;5
cdses the branches were present, but stopped at the midline,

and in 4 cases this projection was extremely attenuated and

cqnsistcd Jonly of very shqrt medially directed branches).

The Llat.ral branches were observed in 8 of the 12 fills of

hair 1; and in all fills of hair 2. The DBPC was stained in

2 filelt of hair 1, and ;n 6 fills of hair 2. Some of this

variability (e.g., the prasence or absence of a DBPC or \of

lateral branches) may be dué to the capriciousness with

which individual neurons are stained with cobalt. Other

differences, however, such as the variable length of the

. dorsal and ventral contralateral projections, more likely

( . reflect real variation in neuronal morphology. Despite this
- i variability, the overall projection pattern is reasonably
reliablea. This is shown in Fig. 4A, in which drawings from

¢

' ‘% §ills of hair 1 are superimposed.

The similarity of the projections from hairs 1 and 2 is
demonstrated in Fig. 2B, which illustrates’ a preparation in -
which both the left hair 1 and the right hair 2 were -Filled.Gz
The possibility tha‘t the projections from these hairs might
- ‘ differ along the anteroposterior axis -was tested by
inspecting horizontal sections froa ganglia in which hair 1
was filled on ofie side and hair 2 on the other. No

difference u;s detected in the location of the two

- @ projections along the.anteroposterior axis.

37
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The following description is based on 12 fills of hair
3, 9 each of hairs 4, 5 and &, 15 of hair 7 and 16 of hair

8. z

A

Shortly after entering the subedophageal . nqangi on, 1in

approximately the same region from which hairs | and 2 send’

their ventral contralateral fibers, the cells from hairs 3-8
give off a set of variably extensive posturiorly;dir-ct.d
fibers (Fig. 2D). The density of the posterior projection
varied both within and among bhairs, without apparent
correlation with the identity of the hair. | The main
dorsally-coursing projection branches to form a 'V’ or ‘Y’
according to the dorsoventral level of the branch point
(Fig. 20). kight single-cell fills of various hairs all
revealed .similar 'Y’ or ‘V’ patterns and., posteriorly
directed ventral branches, suggesting either that a single
readi ly-filled cell type is respbnsibln for this pattern, or
that this branching pattern is common to v several of the
individual cells within each hair. The latter
interpretation is supported by multiple-cell fills, in which
it is sometimes possible to follow the major™ branches of
more than one individual cel@l. In such cases, differant
celis from the same hair can clearly be soccn to have similar

{
branching patterns (Fig. 3D).

Several multiple-hair fills u.rcﬂgwforaicd in order to

N
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gauge the similarities of the projections from hairs 3-8.
Fig. 2E shows a ganglion in which hair 7 and hair 8 were
filled on the left side and hair 4 was filled on the right
side. The terminal arbors of cells from both hairs on the
left side overlap extensively and project to the same region
of their h;miqangl ion ‘as the single hair filled on the
right. The projections of different hairs within this group
waere not distinguishable, in horizongtl sections, by their
anteroposterior levels. Fig. 4B is a composite drawing of S

£ills of hair & which illustrates the consistency of the

projection pattern.

The following description is based on 21 fills of hair
9, 14 of hair 18 and 5 of hair 11. The central projections

of these hairs are in many respects similar to those shown

‘by the anterior hairs. A ventral contralateral projection

was characteristically seen but, as for hairs | and 2, some

¢
v riability was aobserved. The projection crossed the
ymidline in all fills of hairs 1@ and 11. For hair 9, the

ibers crossed the midline in 18 c)ases, " atopped at the

2
-

idline in 2 cases, and stopped well within the ipsilateral

\h.ﬁignnqlion in the remaining case. The projections of

\
\ Xm'iirs ? through 11 differed from those of the anterior hairs

n that a dorsal contralateral projection was sel dom
observed. Only hair 10 showed this projection, and in only

two. preparations. In 7 cases the main dorsally—-coursing

1

branches sent sparse fibers which approached the midline but

$
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repained ipsilateral. In the remaining fills of hair 1@,
O and in all of the fills of hairs 9 and 11, the dorsal,
medially directec{ projection was either extremely short or
absent. Lateral -branches, similar to those observed in the
anterior hairs, were present in 7 fills of hair 9, in 2

fills of hair 10, and were never detected in fills of hair
. "

/ 11-

3

Fig. 2F is an example of a stain of hair 9 showing the
characteristic features of this group and 1llu-.trnting the
DBPC as well. Two single-cell stains from posterior hairs,
one from hair 10 (not shown) and one from hair 11 (Fig. 3JE)
had branching patterns similar to that observed in multiple—
cell fills, including a ;Ilﬂtl"il cnntrnl;tcrll projection and

O a4 dorsally—coursing fiber that branched mcdinlly,‘ crossing
the midline in the cell from hair 1@. Horizontal sections
through ganglia in which different hairs vere ftll;d on
either side reveal that the projections from hairs 9-11 lie
at similar anteroposterior ievels. The overall branching
pattern of cells from this group of hairs is shown 1n‘ l'-;ig.

4C, in which 5 fills of hair 9 are superimposed.
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Central repesentation of sodality

Projéctions of labellar tasti . sensill a~ have been
reported in Drosophila mselanogaster. Stocker and ScRorderet
(19’81) stained the receptor cells of label laF bristles with
cobait, and observed projections simila‘r to those thltl we

found for largest hairs 3-8 in Phormia regina. Nayak and

'4 «
Singh (1983), wusing a Golgi silver impregnation technique,

described seven types of branching ’patterns for neurons

. associated with label lar sensilla. The mouthparts of ‘Q‘._

golanoga\s'ter have three types of extern,al chemosensilla
(type~A bristles, type-B bristlés, pegs) which contain
respectively, four, two 'and one‘ chemoreceptor each (?al‘k et
al 1976). Naya'k and Singh suggested that the seven
morphological types that they cbserved corrcs;;ond fo the
seven receptor cells found in these sen;illa- types. In the

present paper we show that, in P. regina sigpilar branching
patterns can be expressed by more -than one cell from a
single sensillum (Fig. 3D). Thus, our results .do not
support the 'sugglltim of Nayak and 8ingh. The five
receptor cells contained within each of the largest h‘airs
have be@én classifiaed, based on electrophysiological studies,
-as8  sugar, salt, Aw-tnr, anion, and mechano- recepfors
(Dethier 1978). D;Jr oburv;tions on the interior hairs
suggests that there may exist at lieast“ three mor-ph::flnqically

[}
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distinct cell types (Fig. 3A, B and C). In hairs 3 through
8, hc;uevnr, we fc;und that more than one cell from the same
O \hl?air car: have similar projccgions (Fig. 3D). This suggests “ :
| that cells which differ in their ;csponsc specificity need
‘not arborize il:l different regions of the ganglion. Bacause
we ha:e not been able to follow clearly the brhanchnl of more.
“than two cells from any single-hair ill, it remains a
pc:ssibility. that more than two cells can have similar
branching patterns. This is suggested by th‘ fact  that th'c
central br‘-anching pattern obtained in multiple-cell fills
did not diffgr substantially from the pattezn formed by

single cells for hairs 3-8. The possibility of a common

termination’ region for several receptor.types is especially
intriguing because these receptors play different behavioral

) o roles (D_ethier 1976) .

’

——— c— . o = S s g s S S e S S G o s ot s e s iy S —— s v ——— T

A f}:e‘q\uent finding for the organization of sunsor'y
systemg% is t;\at the projections o# snnsor?y receptors in the
N "central nervous system are spatially related .to the
posiéions of the rnceptorg at the periphery. Such
somatotopic .maps have been fc:;und both 1in, v-rtcbratil
(Jacobson 1978) and in 1nv-rt¢britcs (Murphey et al. 19808; '
Ghysen 1980; Strausfeld and Nassel 19813 Ron.r 19833 Levine
at al. 1985). The central projlctions of the lab’cllﬁr hairs
shaow only a crudé somatotopic organization. The anterior,
mid—-level, and post.ripr groups of hairs have diifur-cnt
o - projection patterns, Qut within each of these groups

o

\
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The projection field of ‘a:cnsory neuron iLs clearly

important in d.ntnrnining the targets upon thch it synapscls.

Bacon and Murphey °(1984) showed that hairs_ on the cercus of

the cricket, Acheta domesticus, which differ in their

dircct:ional_ sensitivity to wind stimuli project to different

regions of 1‘:hc terminal ganglion, where they are sampled by

different postsynaptic neurons. ‘We have déscribed three

groups of central patterns formed by the 11 hairs on‘ the

;ab-llum. Projections from the anterior halirs, 1 and 2, and

the posterior hairs, 9-11, irli strongly bilateral, whereas

in the mid-level hairs, 3-8, tﬁexproje'ctions are. mainly

restricted to the ipsilateral hemiganglion (ekxcepting thg

G" ‘ nBPC)'. It seems possible that these differences 'amon(g\x\
¢ projection patterns say be related to differences in the
postsynaptic targets of the cells. Although we have not yet
identified these targets, our behavioral observations
(Yetman and Pollluck 1985) are cpnsister’\t with this notion.
| Stimulntic;n of the anterior and posterior hairs results in
pn;'oboscis extensions which are directed close to tr;e
‘nidlinn. We presume that such extensions are ncconoplishc‘d
by relatively syammetrical activation of muscles on the left
Pqnd right sides. Bilaterally symmetric’' muscle activity
: | | would correlate well with the stroﬁg bilateral projections
of the neurons from these hairs. Simiiarl'y, stimulation of
Q _ the middle hairs, thclprojlcti:ons of which' .are . primarily

&3



ipsilateral, results in 1 aicral ly-directed extensions, 'um ch
presumably require more asymmetric myscle activity. A
similar correlation between the occurrence of unilateral or
bil atorai projections and the . cingrn of ‘symotry or
asymmetry ’ of muscle activatl on has recently bcu}\ reported
401.'- 'receptors which elicit abdomirial flexion rﬁ‘l exes in
caterpillars (Levine et al. 1985). K

<
¢

!

The teru;ination regions ot the chemosensory neurons
cannot, however, fully ac;:ount for the ] directions of
proboscis extension e'licited by stimulation of individual
hairs. Hairs which have similar central projections (e.g.,
hairs 3 and B8) tan result in differently dire'ct-d ixtcn;ions
of the proboscis (Yetman and Pollack 1985). Thus, while the
anatomical Qrojectipns of the hairs form a discontinuous
somatotopic map of the periphery (they change abruptly
between hairp 2 and 3, and again betwsen hairs 8 and 9) the

pr&bnzcis extensions elicited by stimulating these hairs are

. ™

continuously graded in direction. This might be explained
if cells that terminate in the same region (e.g. those from
hairs 3 and B)L form synapt’ic' 'connections of differing
;trengths onto a common pool of follower cells. ‘Buch an
organization would be similar to that which has been
described for the cercal systes of the cockroach, where the
directional sensitivity of wind-sensitive giant internsurons
is thought to be due to t\hc' differing strengths of synapses
mgd- by receptor cells stimulatcd by winds <from ’ different

directions (Daley 1982). : \ ,
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Fig. 1. Diagram of right labellar lobe (after Wilczek 1967)
illustrating the\Positions of thelargesthairs. Number one

is anterior and number eleven if)posterior.

'
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projecting cell. o
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Fig. 2. Photographs of cobalt—filled sensory cells.

A,B,C,E and F are frontal views of u'holemounts; dotted lines
po—

indichate mfdlinc. D is a sagittal section. x300

\ !

v /

A Branching pattern of cells contained in hair 1. VB
ventral contralateral branches, DB dorsal contralatiral
b;'nnch.s, LB lateral branches, 'Q_B_E_C_: dorsal-most bilaterally

o

B The similarities between the central patterns formed by
’ A

stains of hairs | and 2 is demonstrated in this double fill.

+

C Central projections from hair 3; mantagef@ photographs.
taken at -two di fferent planes of focus. PB posterior
branches. |

D Sagittal section (14 um) through the subesophageal
ganglion of an animal in which hair 8 was  filled. Arrow

boints to posteriorly. projecting ventral branches. A

anterior, P pos't-ridr, D dorsal V ventral.

" E Preparation in which hair 4 was filled on the right side
. L N

by

and hairs 7 and B8 were filled on the left side,

¢

F Projection from hair 9. DBPLC dorsal-most bilaterally

A

projecting c'-ll.‘ : . T

i
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Fig. 3 Drawings of single cells, frontal view. x300

A and B single—cell fills of hair 1.
c DBPC drawn from a fill of hair 1.
D Branching pattern for:med by two individual cells from a
fill of hair 4 are resolved in this drawing. To illustrate
best the different branches of the two c-erls, orie was dn:awn

with a thick pen and the other with a thin pen.

E Drawing of a fill of hair 11 in which a single cell was

stained.
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Fig. 4 A Superposition of 5 drawings of fills of hair 1.

-

B Superposition of S drawings of fills of hair 6. \
Do

C Superposition of S drawings of fills of hair 9. x300.
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CONCLUDING REMARKS
Organisms perform a variety of behaviors which increase
their  efficiency. of sampling the chemicals in their

environment, enhancing their chances of locating stimuli

‘released by food or conspecifics. For examples, the

cockroach waves its antennae when it detects a source of
pheromone (Rust, 1974), the Surphid larvae swings its

anterior segments sideways and forward and back after it

't:ontncltl an aphid (Chandl-r,' 1969). These active responses

to chemical stimulation increase the 'sampling rate and

sampling field of the chemicals. To follow a trail, the

snake determines the areas of highest concentration by

sampling the substrate with its tongue. The tongue is

mtended out and from side to side collecting the necessary
inforsation to maintain the snake along the trail (Schancﬂ.
19684). A small drop of sugar stimulates the onset of a
similar behavior in a hungry fly. The prubos{:is is extended
and retracted reflexively while the fly goes over t’he area
where it had fi;pt found the stimulatiﬁé drop (Dethier,
1957; Nelson, 19773 White et. al., 1984). While the
proboscis is extended, gustatory receptors on its terminal
segment, the labelfum, sample the walking substrate for
food. I have shown that whgn some labellar hairs are
stimulated, information concerning the location of the food

source is encaoded in the cells innervating tham.
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F,urthlcrmor-, this information can be used to steer the

- proboscis towards the stismylated direction. During the

daﬁcn, when some hairs contact a food patch, information
about the identities of the hairs stimulated can be used to
orient the proboscis over the patch and perha stear the

body towards ‘the stimulated side.

)
o

Often, where external rm:cbtors have a r-cc;qnizablu
spatial innervation pattern, investigators have 1ooked ;or a
central representation of their ordered peripharal
topography. The vertebrate somatosensory system for example
is spaltially represented in the somatosensory cortex (Werner
and Whitsel,  1973). Similarly, mechanoreceptors on the
cercus of the crick‘-t posséss syna?tic fields which are
dependent on their peripheral positic;:n (Murphey et al,
1.98,0). A point-to-point r!prescntatic;n of the retina onto
the superior colliculus has been demonstrated ;n the frog
(Gaze, 1958), pigeon (Hamdi_ and Whitteridge, 1934), cat

(Apter, 1945) and other vertebrates. Recently, Morita and

‘Finger (1985) have shown that the gustatory receptors in the

..goldfish's mouth alsc; maintain. a spatial topagr aphy

centrally. 1In )this study I have shown that although the

gustator largest hairs of the fly are spatially arrayed
peripherally, the synaptic field of the cells innervating
them do not show a similar spatial continuum, instead, thres
discontinuous projection fields have been demonstrated. The

behavioral experiments however have demonstrated that the

hairs .are indeed recognized indivi&ually centrally; each
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' ... hair eliciting a different direction of proboscis extensiaon.

- Togeth the results suggest that the terminal field of
G . sansory ons is not’ the sole determinant of their
connectivity. )
.\
B
K \ k
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