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Using a nnnoclonal antib6dy (FB 45) raised by Dr. A. fbfbauer (~Jürzburg) against 
Drosophila brain >.e investigated the developrrent and plasticity of inTllJnoreactive 
cells be10nging to the rredian and lateral antennoglorrerular tracts (AGTS) in the roney
bee brain. In early stages of pupal developrrent presurred AGT ilTlTUnoreactivity was de
tected in the di ffuse central neuropil of the antennal lobe as >.ell as in the glorreruli, . 
which differentiate at 40% pupal developrrent. The lateral protocerebral lobe - one 
target area of the AGTs - is labelled throughout pupal life whereas labelling in the 
calyces is first restr icted to the basal ring region. Although the lips of the calyces 
develop in middle-aged pupae, they da not srow ilTlTUnoreactivity until the last day of 
rretannrprosis. Unilateral ablation perforrred on pupae of different stages resulted in 
size reduction of the antennal lobe and fusion of glorreruli. The nurTber of labelled 
somata and glorreruli in the antemal lobe >.ere reduced on the treated side. These ef
fects >.ere nnre prominent when ablation was performed in young pupae. No differences in 
staining intensity at the light microscopic level >.ere found in the calyces. Therefore 
a pre-erTbedding ilTlTUnohistological approach was developed to detect AGT profiles in 
the mushroom body at the electron microscopic level. 

Keywords: Insects - brain - developrrent - identified cells - EM-ilTlTUnocytochemis-
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\Je use a monoclona l ~ntibody rai sed ag~ inst Drosophila br~in (FB 45 ) 

by Dr . A. Hofbauer (Würzbu rg ) ( 1) to inves t igate developmental and injury 

induced plas tic i ty in olfactöry i nt erneu r ones of the honeybee brain . In t he 

bee brain various neu r ones are stained by FB 45 (for a detailled de

scription , see Bicker, G., Kreiss i, S. , and Hof bauer, A., in prep.). Here 
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FB45-IR tracts and fibres 

f.!9..:.....h. Schematic of F8 45 labelled fiber tracts in the protocerebrum . Fb 45 stains t>.o 
antennoglomerular tracts, m- and I-AGT, .tlich run fram the antennal lobe ( al) into the prato
cerebrum and end in the lip neurapil ( li) of the mushraom body calyces (Ca) and in the later al 
pratocerebrum Clat .prat) . A small fiber tract originating in the medulla (me ) enters the I'B 

and terminates in the collar (co ) without overlapping with the AGT endings 

\Ie focus on a subset of olfactory interneufones running in the antenno

glomerular trac ts (m-AGT, I-AGT ) . These neurones originate in the antennal 

lobe , project u~lards to the prot ocerebrum and terminate in the ca lyces of 

the mushroom bodies (~1B ) and the l ateral prot ocerebrum (F igs 1, 2c , f) . The 

calyx is the main input region of the MB.It comprises three major subcom

partments, lip, collar and basal ring (F ig. 1) . This paper describes the 

pattern of FB 45 immunoreacti vi ty during normal ontogenetic development 

and after deafferentation of the antennal input I/i th the aim of ~xamining 

the stereot ype d plastici ty in the olfactory system of the honeybee. 

Honeybees <J nd pupae of different stages \'Iere used . Operations ( re

moving the cmtenna l input on one s ide ) \!ere performed on young and old 

pupae . 

Light microscopy : BehJeen days 5 and 10 afte r emergence, dissected 

brains uer e fixed for 1 h in ~% formaldehyd in Na -phosphate buffer , 20 0 C, 

~J<Jshed in PBS (pH 7 . /" ) , dehydrated and embedded in Paraplast . Imrnunohisto-



STRUCTURAL PLASnCITY IF HJNEYBEE OLFACTORY INTERNEURONE 63 

Ca 

br 

aclul~ . 
_m-AGT 

~ Oeveloprrental changes in FB 45- IR in the antennal lobe Cleft ) and the calyces of the 
ITlJshroom body ( right ) for explanation. see text. P: P-lpa. al: antennal lobe. gl: glorreruli. 

So: scmata. Ca: Calyx. li : lip. co: collar. br: basal ring 

10gical procedu re I/ere performed on 12 j m seri al sections us ing the Avi 

din- ßiotin- technique I/ith diaminobenzitline ( DAß ) as a ch r oma gen . The pre

parations I/ere incubated overnigh t in primary an tiser um ( Fß 45 ) . 2 h in 

second antibody and 1 h in the AßC reagent. In a11 incuba tion s t eps 0 .1% 

Triton- X- lOO lias <ldded . 

Electron microscopy : ImmLJnostaining at the ul trastructural level 

fo11O\~ed the above procedure using the pr e- embedding staining technique 

( 2) on 30 ) m vibratome sections but using a mixtu r e of 0 . 1% glutara1dehyde 
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~ Developrrental changes in FB 45-IR in the antennal lobe (left ) and the calyces of the 
rrushroom body (right ) for explanation, see text. P: ~pa, al: antennal lobe, gl: glorreruli, 

So : soma t a, Ca: Calyx, li : lip , co: collar, br : basal ring 

1ogica1 procedure Iiere performed on 12 I m serial sections us i ng the Avi

din- Siotin- technique uith diaminobenzidine ( DAS) as a chromagen . The pre

parations Iiere incubated overnight in pr imary antiserum ( FS 45 ) , 2 h in 

second imtibody and 1 h in the ASC reagent. In a11 incubation s t eps 0 . 1% 

Triton- X- lQO lias <ldded . 

Electron microscopy : Immunostaining at the u1 trastructura1 l evel 

follO\~ed the above procedure using the pre- embedding staining technique 

( 2) on 30 Im vibratome sections but using a mixture of 0.1% glutara1dehyde 

d 
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~ Fb 45 labelling in tt-e m-AGT at tre ultrastructural level: a ) turizontal section 
through m-AGT il1lTlJno- stained only part of tt-e m-AGT fiber system arrows), b) higt-er reso

lution stu\<s DAB reaction product located between tt-e cells and on tt-e rrentJrane surface 

~ a) in tt-e Up of tt-e calyces il1lTlJnolabelling was predominanty found in large diarreter 
boutons (arrow) , indicating tt-ese as terminal endings of AGT fibers in tt-e t-fl, b) a degener

ated profile (arrows) of an antennal ablated animal in tt-e sarre calycal region 

4% formclldehyde as a fixative. After dehydration and osmication the sec

tions were embedded in Durcupan. Ul trathin sections were contrasted 11i th 

lIranyl acetate/ lead citrate and viel/ed ~Ji th a Zeiss EM 10. 

In one- day- old pupae (Fig. 2a ) , fine labelIed AGT-fibres can be seen 

in the central nellropile of the antennal lobe ( AL). AL-glor.leruli appear on 

day 4 and already show FB 45-IR ( Fig. 2b ) . In the adult, the central nellro

pile sho~/s additional thick fibres and stronger immunoreacti vity ( Fig. 2c ). 

The calyces of the mushroom bodies (MB ) are not f ully developed, but FB 

45-IR can be seen in the presumptive basal ring ( Fig . 2d ) . Six days luter, 

the calyx is differentiated into basal ring, collar and lip region, but IR 

is still restricted to the basal ring area ( Fig. 2e ) . IllJIlunoreacti ve 
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r: a 

~ Fb 45 labelling in the m-AGT at the ultrastructural level: a ) rorizontal seetion 
through m-AGT inm.mo-stained onl y par t of the m-AGT fiber system arrows ) , b) higher reso

lution shows DAB reaction product located between the cells and on the ITErrlJrane surface 

~ a ) in the lip of the calyces ilTlTUnolabelling was predominanty found in large dialTEter 
boutons ( arrow), indicating these as terminal endings of AGT fibers in the ~, b) a degener 

ated profile (arrows) of an antenna l ablated animal in the saITE caIycal region 

4% formaldehyde as a fixative . Af ter dehydration and osmication the sec

tions l.Jere embedded i n Durcupan . Ul trathin sections ~Jere contras ted I~i th 

uranyl acetate/ lead citrate and viel/ed wi th a Zeiss EM 10 . 

In one- day-old pupae ( Fig . 2a ) , f ine labelied AGT-fibres can be seen 

in the central neuropile of the ant.enna l lobe (AL) . AL -glor.1eruli appear on 

day 4 and al ready show FB 45 - IR ( Fig . 2b ) . In the adult, the centra1 neuro

pile shows additional thick fibres and stronger immunoreactivity ( Fig . 2c ) . 

The calyces of the mushroom bodies ( MB ) are not f ully developed, but FB 

45-IR can be seen in the presumptive basal ring ( Fig. 2d ) . Six days later, 

the calyx is differentiated into basal ring, collar and lip region, but IR 

is still restricted to the basal ring area ( Fig. 2e ) . Irrvnunoreacti ve 
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fibres in the lip first appear in last day pup<1e . In adults the I.hole lip 

region is fiUea IJith FB 45 -IR (F ig. 20 . 

Unilateral antennal ablation during pup<Jl development r esults in 

structural changes in the adul t antennal lobe . The s ize of the antenna l 

l obe ond t he numbe r of glomeruli are r educed on the t r ea t ed s ide , whereas 

the glomeruli are enlarged . On pu pa days 4 to 7 old ablated animals (which 

were dissEcted between days 5 and 10 of adult stage ) the central neuropile area 

in the AL r emains as a fine and diffuse network , s imilar to its appearence 

in young pupae (see Fig. 2b) . This effect i s less prominent in animals 

opera ted on pupa l da ys Band 9 . No differences in FB-45 I R on the LM level 

ar e found in the MB calyces comparing the opera ted <:md normal sides . There

f or e , ultras tructural ana l ys is of AGT projections in the protocerebru~ of 

nomal bees ~Iere carri ed out in order to study the fine structure corre-

, lates of the abl <ltion effects . Pre limimry resul ts shOl·J the follm"l1ng: 

1 . Axon cuuntings performed i n FB 45-IR areas in the protocerebrum ( EM 1 

and EM 2 in Fig . 1) reveal 520 profiles for the m- AGT ( n=6 ) <Jnd 500 for 

the I-AGT ( n=2 ) . It is not clear yet IJhether all of these fib r es are AGT 

neurones or if the total of AGT neurones are labelled lIi th the antibody , 

s ince only part of the fibres are labelled ( Fig . 3<1 8nd b ) . 2 . In the 

calyces FB - I~5 IR profiles are found in bouton-like st r uc tures , that ar e 

typical for extrinsic MB neurones in t he lip region , indicating that these 

are the terminals of olfac t or y interneurones in the MB ( Fig . I;a) . 3 . In a 

bee operated on day 4 of pup<11 development degenerated prof iles in the lip 

of an adu le are found (Fig . 4b) . Since the s tructural parameter of olfac

tory interneu r ones in the protocerebrum (AGT fibres) and the MB ( AGT 

terminals ) are identHiea, inves tigations a re necessary t o clar ify the 

synaptic organizat ion and plastic i ty of these profiles in the mushroom 

bodies. 
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