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some caste plasticity with respect to
the biosynthetic capability in the ima-

Plasticity of Caste-Specific Dufour’s Gland go. Young queens’ mandibular glands
i i i i contain 10-hydroxy 2-decenoic acid

Secretion in the Honey BeeApis melliferaL.) (T01DA, " typical - worker com-

T. Katzav-Gozansky, V. Soroker, A. Hefetz pound), while workers’ glands under

some conditions produce 9-oxo 2-de-
cenoic acid (9-ODA, a typical queen
substance) [19-21]. It has been
M. Cojocaru further demonstrated that these com-
pounds are produced via disparate
biosynthetic pathways [22], suggest-
D. H. Erdmann. W. Francke ing that both biosynthetic pathways
' exist in queens and workers but are
differentially expressed.
The objectives of this study were to
elucidate whether the chemical com-
position of Dufour’s gland irA. melli-
Received: 21 November 1996 / Accepted in revised version: 6 March 1997 fera 's_CaSte SpeCIfIC, _"’,md whether the
secretionary composition of workers
is affected by the presence of the
Pheromonal communication is funda-13], nestmate discriminators [14], nestqueen.
mental in social insects for regulating entrance markers [15], and trail phero-Workers and queens (virgin, newly
the multitude of intracolonial activ- mone [8]. Ultrastructural studies re- mated, and 1-year-old mated queens)
ities. The pheromones are producedreal that in the ApidaeApis mellifera of A. mellifera ligusticawere obtained
by a plethora of exocrine glands andand Bombusspecies) the gland opensfrom the apiaries at the Experimental
control most of the behavioral reper-into the dorsal vaginal wall ([16], J. Station in Tzrifin and at Kibbutz Yad
toires exhibited by these insects. Hon-Billen, personal communication), sug- Mordechai, Israel. Young workers
ey bees are especially rich in exocrinegesting it to be the source of sub-(nurses) were collected from the
glands, possessing 15 known glandstances that may be applied onto thérood area of the hive while foragers
that produce a dazzling array of com-egg before deposition. In the honeywith pollen loads were collected at
pounds [1, 2]. Noteworthy are the bee and inB. terrestristhe gland is the hive entrance. Egg-laying workers
mandibular glands that produce castemore developed in queens than inwere collected from queenless colo-
specific compounds and play a majorworkers, suggesting caste specificity. nies that were established according
role in queen-worker interactions [3], Caste specificity in pheromonal com-to Robinson et al. ([23], modified) as
and the alarm pheromone producingposition seems to be the rule in honeyfollows: Queenless colonies were ob-
tissue that is associated with the stingoees. Mandibular gland exudates dif-tained by shaking workers from two
apparatus [4]. Another abdominalfer drastically between queens andhoney combs of the mother colonies
gland, Dufour’s gland, has remainedworkers, in accordance with their roleinto a hive containing four combs:
virtually unexplored with respect to as a queen pheromone. Caste specifiwo combs of honey, one comb of
its chemistry and function in this spe- city is also expressed in the composi-pollen, and one empty comb with
cies. tion of the secretion produced by tis-mostly drone-sized cells. Each queen-
Dufour’s gland in bees is often well sues associated with the sting appardess colony was created from a differ-
developed and is rather diverse in itstus. Queens possess long-chain esteent mother colony. Eggs were noted
biosynthetic capabilities. Chemical that are missing in workers’ secretionsabout 1 week after establishing the
characterization of the glandular se-[17]. Likewise, queens’ feces extractqueenless colonies. Individuals ob-
cretions reveals that while somecontains esters that are not found inserved with their abdomen inserted
classes of compounds such as macrahose of workers. It has been sug-into a cell, often with wings folded,
cyclic lactones are characteristic ofgested that these caste specific estersere assumed to oviposit and were
the lower bee families, i.e., Colletidae enable workers to recognize theircollected as “egg-laying workers.”
and Halictidae, aliphatic esters of var-queen or are used by the queen tdMost egg-laying workers were col-
ious types and chain lengths as wellscent-mark her colony [18]. lected during the first 11-15 days
as hydrocarbons are widely distribu-The morphological and physiological after establishing the queenless col-
ted among most bee families [5-11].differences between the castes in honeny. Since it was not certain whether
In many solitary bees the gland is theey bees are already evident uporall workers that displayed oviposition
source of the brood cell lining, but in adult emergence, suggesting that regubehavior had indeed laid eggs, their
some species the glandular secretioftation of caste specificity occurs dur- ovarian state was also determined dur-
has been shown to mediate behavioring the process of caste differentiationing the dissection of their Dufour’s
These include sex pheromones [12jn the preimaginal state. However, re-gland.
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Ovarian development was classifiedTable 1. The total amount of volatile compounds from Dufour's gland secretion of queens and
according to Velthuis [24]: class |, workers honey bees at various physiological states and under different social regimes.

ovaries resting and almost inactive; ) -
class Il, early stages of deveIopmentEXpe”memal group Number of Total amount of Statistics*

in which the eggs are still fairly replicates secretion

I
round to bean-shaped form; class I, E;lg;gning)
eggs become elongated. For extract- -
ing Dufour’s gland we selected only Queenright workers (nurses) 7 0.32 +0.069 b
egg-laying workers with ovaries at Queenright workers (foragers) 2 0.47 +0.049 (sd) b
class Ill. Of the 70 nurses and for- Queenless workers (forages) 3 1.17 +0.383 bc
agers that were dissected, all but onéueenless workers (egg laying) 6 3.23 £1.159 c
had ovaries at class I. Only these\l\/l'ég'? qn::teer(‘js eqg laying queens 65 152-819 51255360 aa

) wly , yi u .90 5.

workers were used. Dufour's glandSOne year old mated queens 7 16.951+6.955 a

were cleanly separated from the sting
and the poison gland and extracted in,
dichloromethane. Pools of at least fivep
glands from workers or queens were
utilized for gas chromatography -
mass spectrometry (GC/MS) analysesn = 17; Mann-WhitneyP<0.0001). In kenes, alkadienes, and alkatriens, and
Quantification of waorkers’ secretion newly mated, egg-laying queens theone monomethyl alkane. Most of the
was also based on pooled samples ofland content tended to be greaterqueens’ secretion was fortified by
five bees, but queen’s glands werealthough not significantly so, than in long-chain, saturated and unsaturated
analyzed individually. The extracts either virgin or older queens. Among wax-type esters. The predominant es-
were analyzed by combined capillarythe queenright workers both behavior-ters were tetradecyl-tetradecanoate,
GC/MS (El ionization at 70 eV), al castes had low amounts of secretetradecyl-(Z)-9-hexadecenoate  and
using a DB-5 capillary column tem- tion in the glands. Although foragers tetradecyl-(Z)-11-hexadecenoate, tetra-
perature programmed from 80to tended to have higher amounts of sedecyl-hexadecanoate and its comple-
200°C at 15C/min with an initial cretion than nurses, this differencement hexadecyl-tetradecanoate (ratio
hold of 5 min and then to 30C€ at was not significant. Likewise, fora- 1:6), and tetradecyl-(Z)-9-octadeceno-
3°C/min. Compounds were identified gers had similar low amounts irre- ate. MS fragmentation patterns fol-
by their GC retention time and massspective of their social environmentlowed a known principle [27]. In con-
spectra as compared to synthetic refer(queenright vs. queenless). In contrastirast to the underivatized (E)-/(Z)-iso-
ence samples and published spectragg-laying workers formed under mers of the unsaturated wax esters,
[25]. The position of the double bond queenless conditions had significantlythe DMDS derivatives could be
of the esters was determined by al-greater amounts of secretion in theircleanly separated by GC. The addi-
kylthiolation using dimethyl disulfide Dufour’s gland. The latter results cantion of dimethyl disulfide was found
(DMDS) [26]. The GC/MS analyses also be revealed by the following ob-to be stereo selective [28, 29], and in
of the DMDS derivatives was carried servation: on the average the glands variety of compounds showing dif-
out by using the above mentionedof queenright and queenless foragerserent oxygen functions, the deriva-
DB-5 column starting at 20€ for and those of queenright nurses comiives of the (Z)-isomer generally
3 min, then programmed to 300 at bined contained 0.56 + 0.14g/gland, eluted earlier then those of the (E)-
a rate of 10C/min, then to 320C at whereas those of egg-laying workersisomers [28-31]. Under the above
a rate of 2C/min. Quantification of contained 3.23 £ 1.1fg/gland conditions the DMDS derivatives of
the glandular secretion was performedMann-Whitney,P = 0.0027). tetradecyl-(Z2)-9-hexadecenoate eluted
by GC on a 30-m SE 54 capillary col- Caste specificity and the effect of so-at 29.6 min while the derivative of
umn, temperature programmed fromcial environment are definitely ex- the (E)-isomer eluted 0.2 min later.
60° to 100C at the rate of 20min pressed in the chemical compositionUsing authentic reference samples,
and then programmed to 270 at the of the glandular secretion (Table 2).careful GC/MS-SIM analysis revealed
rate of 5/min. Eicosane (0.5 and The secretion in queenright workersthat all unsaturated esters identified
5 ug for the worker and queen sam-was composed exclusively of odd-here show (Z)-configured double
ples, respectively) was added to thenumbered straight-chain alkanes rangbonds.

samples as an internal standard. ing from Cy3 to C3;. These hydrocar- Dufour’s gland composition in queen-
The total amount of the glandular se-bons were omnipresent in the bees exless workers differed according to be-
cretion of the queens and workers areamined, irrespective of their caste, be-havioral castes. Under queenless con-
presented in Table 1. The glands ofhavioral task, and social environment.ditions egg-laying workers (with ovar-
gueens are much larger in volumeHydrocarbons constituted only 30-ies development at class Ill), but not
than those of workers and on the40% of the secretion in queens, butforagers, produced several of the es-
average contain 12 times more secretheir diversity was higher than in the ters that are typical to queens. The six
tion (17.6 + 3.3 for all queena = 18 workers’ secretion. These includedmain esters found in the queens’ se-
vs. 1.44+0.48 for all workers odd- and even-numbered alkanes, aleretion were also present in the egg-

Statistical analysis was performed using ANOVA, followed by Fisher’s PLSOPa0.05.
fferent letters denote statistical differences
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Table 2. Chemical composition of Dufour’'s gland secretion of queens and workekpiefmellifera L of different physiological states and

under different social regimes. To obtain an appreciable signal, analyses were carried out on pooled glands. At least 10 glands were used fc
each group. The results are presented as relative proportions: — not detected, * <1%, ** 1-5%, *** 5-10%, **** 10-15%, ***** above 15%,
t=traces

Compound Queens Queenright workers Queenless workers

Virgins Newly mated, One-year- Foragers Nurses Foragers Egg laying
egg-laying old mated

Hydrocarbons

Heinecosane * * * - - - -
docosane * * * - - - -
Tricosene * * * - _ _ _
Trlcosane *%k%k *k%k *%% *%% *%% *% *%
Tetracosane * * * - -
Pentacosadien t t t - - - -
Pentacosene ** * * - — _ _
Pentacosane ok ok ok ok ok Sk -
Hexacosane - - - - - -
Heptacosene (3 isomers) ** * * - - - —
Heptacosane *k%k *% *% *kkk *kkkk *kkk *kk

13 Me heptacosane * * * - - - _
Octacosane - - - _ _ - *k
Nonacosene * * * - — — -
Nonacosane * *k * ok ok
Triacontane - - - - _
Heintriacontene (3 isomers) * o * - - - —
Heintriacontane ** ** ** *kkkk *kkkk *kkk *kkk
Tritriacontadienes (2 isomers) t t t - - — -
Tritriacontene (2 isomers) * o ok - * - -
Tritriacontane t t t — — _ _
Penatriacontane t t t - - - -
Wax-type esters

Tetradecyl dodecanoate ** * * - — — —
Tetradecyl-(2)-9-tetradecanoate t t t - - - —
Tetradecyl tetradecanoate KAk Fhkkk Fkkk - - - *kk
Tetradecyl-(2)-9-hexadecenoate+ rkk xxx ik - - — kk
Tetradecyl-(2)-11-hexadecenoate

Tetradecyl hexadecanoate+ Hkkk Hkkkk ke - - - *kk
Hexadecyl tetradecanoate

Hexadecenyl hecadecenoate - - *k - - - —
Tetradecyl-(2)-9-octadecenoate i Fkk *k - - - *kk
Hexadecyl-(Z)-9-hexadecenoate bl xhk ek - - - _
Hexadecyl hexadecanoate xx *x *kk - - - -

laying workers, comprising about four’s gland showed none of the vola- mechanisms regulating its activity. It
32% of total secretion. Thus Dufour’s tile components characteristic to thewas previously proposed by Ratnieks
gland of honey bees, as their mandibsecretion emanating from the sting ap-and Visscher [41], that honey bee
ular glands, shows a certain plasticityparatus [35, 37], indicating that our workers discriminate between queen-
in its biosynthetic capabilities that is preparation did not contain contami-laid and worker-laid male eggs, pre-
apparently under queen control. nation from the adjacent glands. Wax-ferentially eating the latter. Discrimi-
The hydrocarbon composition of type esters made up of tetradecanolpation of eggs necessitates a source of
queens’ Dufour’s gland is very simi- hexadecanol, and fatty acids such a@formation by which police workers
lar to the composition previously re- those identified here, have also beercan recognize which of the eggs were
ported for both tergal glands and cuti-identified in bumble bees [9, 38], pri- laid by the queen and which by the
cular lipids [32, 33]. On the other mitive social bees such dsasioglos- workers. It was further postulated that
hand, with the exception of tetradece-sum malachurum[39], and solitary Dufour’s gland is the source of an
nyl dodecanoate, the esters identifiecbees [40]. egg marking pheromone [42]. The
in Dufour’s gland differ from those Both the caste specificity and the bio-chemical caste specificity of the secre-
that were previously identified in the synthetic plasticity expressed in Du-tion presented here and the position
tergal glands or feces of queens [17four’'s gland raise questions concern-of the gland near the opening of the
33, 34]. Also, our extraction of Du- ing the function of this gland and the oviduct [16] support this hypothesis.

240 Naturwissenschaften 84 (1997) © Springer-Verlag 1997



Queenlike Dufour’s gland secretion Tzriffin Apiary for their assistance in 21.

found in queenless egg-laying work-establishment of experimental hives.
ers, but not in queenless foragersWe greatly appreciate Dr. T. Simon

further suggests a relationship be-and A. Einav for their assistance, and®?

tween egg laying and glandular secreN. Paz for revising the English.

tion. It can be hypothesized that
gueenlike Dufour’'s gland secretion
might help egg-laying workers to mi-
mic some of the queens’ chemical
signals and thus hide their eggs from 1.
egg policing. If Dufour’s gland secre-
tion is associated with egg laying, the
glandular secretion is expected to be 2.
found on either the egg coating or the
cell lining. The presence of Dufour’s
gland secretions in these locations is ™
currently being investigated.

Dufour’s gland might still have addi- 4
tional or other caste-specific pheromo-
nal functions in honey bees. The ap-
parent correlation between ovarian de-

velopment and the amount and quali- 5. Cane, J.H.: EvolutioB7, 657 (1983a)

ty of Dufour's gland secretion may Ca?e, J-H:: Sﬁst.lzlooxz,417l(129823b) 20
carry information on the reproductive ' ('1‘;89%' A.: Physiol. Entomol12, 243 =%
state of the emitter. Since there is no g ey A Tengo J., Libke, G., and 31.

correlation between mandibular gland ™
pheromone production and ovarian
development in queens [20], copious
Dufour’s gland secretion might consti-
tute an additional queen signal. It 9.
might also act as a worker attractant.

As previously described by Velthuis 10-

[24], egg-laying workers are capable
of mimicking the queen and of at-
tracting a small but recognizable re-
tinue. It is well accepted that the

11.

queen affects her workers’ behaviori2.

and physiology by a combination of

pheromonal signals derived from al3.

variety of glandular sources, and that
the application of queen mandibular
pheromone alone does not duplicat
all her effects [43, 44]. Our findings
suggest that Dufour’s gland is the

source of an additional queen phero-g

mone. However, its effect on worker

behavior and physiology remains to17.

be investigated.
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