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Anthophora Bees: Unusual Glycerides from Maternal Dufour’s
Glands Serve as Larval Food and Cell Lining

Abstract. The Dufour’s gland of Anthophora abrupta, a solitary bee, secretes a
complex mixture of liquid triglycerides containing one long-chain and two short-
chain fatty acids. This is applied inside the earthen brood cells and added to the
provision, where it is converted, perhaps by enzymes from the bee’s saliva or gut, to
solid diglycerides that are later eaten by the bee larvae. This use of Dufour’s gland
secretion as food and its nutritive function are reminiscent of the royal jelly secreted

by honey bees.

Most bees (Apoidea) eat a diet of nec-
tar and pollen exclusively. Exceptions
are the well-known but chemically com-
plex salivary royal jelly of honey bees;
the host brood commonly eaten by in-
quiline bees (/); and the ingestion of
Thysanoptera (2) and floral oils (3). The
function of the Dufour’s gland of the
sting apparatus in Hymenoptera is in-
completely known; however, in ants it
secretes pheromones (¢), and in various
families of bees it produces the water-
proof cell lining, which, being fragrant,
may include pheromones (5). Several
species of Anthophora have white, waxy
cell linings with a cheesy odor (6), which
long have been hypothesized to originate
from the Dufour’s gland (7). In this re-
port we characterize the contents of Du-
four’s gland as an unusual group of tri-
glycerides, show their conversion to di-
glycerides for construction of the cell
lining, and demonstrate their ultimate
use as larval food. This combination of
features has apparently not been report-
ed heretofore.

Anthophora abrupta Say is a uni-
voltine solitary bee that usually nests
gregariously in clay banks §), and its
subterranean cells are lined internally by
a layer (0.1 mm) of waxy, white, water-
proof substance. A group of females con-
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structed 36 such cells in narrow, clay-
filled, acrylic plastic chambers where
their behavior was observed. During cell
construction, the bees moistened the
clay with regurgitated water, manipulat-
ed it by the mandibles and legs, and com-
pacted it by the pygidial plate to form a
smooth-walled earthen cell. A colorless,
oily, faintly fragrant liquid was secreted

Fig. 1. Brood cell of A. abrupta showing
grooves in the white lining that were made by
the feeding larva.
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onto the compacted soil from the sting
chamber. Provisioning with pollen and
nectar with addition of a transparent lig-
uid from the sting chamber, oviposition,
and cell capping followed. A few hours
after provisioning began, the cell lining
became opaquely white and developed a
cheesy odor. The provisions also devel-
oped this odor and contained white floc-
culi. Larvae consumed the provisions
within 3 weeks, and for the next 2 days
they ate the cell lining (Fig. 1) before
transforming into diapausing prepupae.
Cells (500) opened in the field revealed
that those with prepupae lacked the
white lining but those with young larvae
retained it, an indication that cell lining is
normally eaten by larvae.

The hypertrophied Dufour’s gland of
this bee occupies about half of the abdo-
men (Fig. 2). It is surrounded by numer-
ous tracheoles, indicating a high meta-
bolic rate. The lumen contains a copious,
transparent oily liquid that solidifies after
several weeks to a white, waxy, micro-
crystalline solid when smeared on glass
and exposed to air.

The fresh Dufour’s gland secretion
(3.4 mg) was collected by capillary tube
and dissolved in 1 ml of methylene chlo-
ride, and 1 ul was injected onto a 3-m
column (packed with 1 percent Hi-Eff
3BP; Applied Sciences) of an LKB-9000
gas chromatograph-mass spectrometer
system. Five main components eluted at
250°C (Fig. 2). Their electron ionization
mass spectra show many ions related by
a 2-carbon homology (m/z 43, 71, 99)
suggesting acetyl, butyroyl, and hex-
anoyl groups, and all show a common
palmitoyl ion at m/z 239. Unfortunately,
no molecular ions (MH* ions) were ob-
served, even with the use of chemical
ionization with isobutane (Finnigan
4023). However, with the latter tech-
nique, all chromatographic peaks do
show abundant ions for the loss of vari-
ous acids from hypothetical MH* ions.
Thus, in the mass spectrum of peak
4, assuming an MH* ion at m/z 499,
fragment ions appear at m/z 243
(MH* — palmitic acid, 100 percent), 383
(MH* — hexanoic acid, 12 percent), and
411 (MH* — butyric acid, 8 percent).
Subtraction of the acids from the molec-
ular weight (498) leaves only 38 atomic
mass units (C;H,), and hence the com-
pound is simply the triglyceride buty-
roylhexanoylpalmitin. Its electron ioni-
zation mass spectrum shows ions as ex-
pected (9) at m/z 243 (M — palmi-
toyloxy), m/z 383 (M — hexanoyloxy),
and m/z 411 (M — butyroyloxy). Spectra
of the other chromatographic peaks show
homologous ions that allow assignment
of their structures as isomers of the re-
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lated triglycerides, acetylbutyroylpalmi-
tin, dibutyroylpalmitin, acetylhexanoyl-
palmitin, and dicaproylpalmitin. Small
amounts of the diacylstearin glycerides
were also observed although they were
not chromatographically resolved.

To decide which isomer of dibutyroyl-
palmitin was present, 1,2- and 1,3-dibu-
tyroylpalmitin were prepared from the
corresponding 1- and 2-monopalmitins
(Supelco, Bellefonte, Pennsylvania) with
the use of butyric anhydride and pyri-
dine. The isomers are indistinguishable
by gas chromatography; however, their
mass spectra show reproducible dif-
ferences and a diagnostic ion at m/z 201
M - C,;H;3,COOCH,) is present only
in the 1,2-isomer. Peak 2 shows a mass
spectrum identical in all respects with
this isomer and is therefore 1,2-dibuty-
roylpalmitin. The spectrum of peak 5
shows a similar diagnostic ion at m/z 257,
establishing its structure as 1,2- rather
than 1,3-dihexanoylpalmitin. The very
low intensity of a related ion at m/z 229
(M - C4,H,,COOCH,) has been used
recently to elucidate the structures of
1,3-diisovaleroylpentadecanoin (10) and
1,3-diisovaleroyltetradecanoin an.
These compounds were found in the pi-
lot whale and porpoise, respectively,
where they may serve as an acoustic lens

in echolocation. In both cases, their
spectra were compared with synthetic
1,2-triglycerides only [1,2-dipentanoyl-
tetradecanoin (10) and 1,2-diisovaleroyl-
tetradecanoin (I/)]; our results, based on
the spectra of both synthetic isomers en-
tirely corroborate their conclusions.

The triglycerides represented by peaks
1, 3, and 4 contain three different acids,
and the spectra are more complex.
However, all have ions from M —
CsHs,COOCH,y  (m/z 173, 229, and
269, respectively) and are thus 1,2-dia-
cylpalmitins. Furthermore, in all cases at
least one important ion from the alterna-
tive 1,3-diacylpalmitin structure is miss-
ing or very weak: peak 1, m/z 341
M — C;H,COOCH,); peak 3, m/z 369
(M - C;H,;COOCH,); peak 4, m/z 369
(M - C3;H,COOCH,).

The above absences combined with
ions in peak 1 at m/z 369 (M — CH;-
COOCHy), peak 3 at m/z 397 (M —
CH;COOCH,'), and peak 4 at m/z 397
M — C;H,COOCH,") allow the tenta-
tive formulation of the compounds as

1-acetyl-2-butyroylpalmitin, 1-acetyl-2-
hexanoylpalmitin, and 1-butyroyl-2-
hexanoylpalmitin, respectively. The

compounds all appear to have their long-
est chain in the 3 rather than the 2 posi-
tion in contrast to the above examples of
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Fig. 2. Gas chromatogram of Dufour’s gland constituents. See text for conditions. Inset shows
abdomen of female revealing relative sizes of Dufour’s gland (D), poison gland (P), ovaries (0),
digestive system, including stomach or crop (C), ventriculus (V), Malpighian tubules (M), and
rectum (R). The pygidial brush (B) that surrounds the bare pygidial plate is used with the legs for
applying the Dufour’s gland secretion that emerges from the sting (§) chamber.
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naturally occurring mixed short- and
long-chain triglycerides.

An infrared spectrum of the Dufour’s
gland constituents shows no hydroxyl
absorption and only one intense band in
the carbonyl region at 1735 cm™!, typical
of glycerides. Its spectrum, is, in fact,
nearly superimposable on that of 1,2-di-
butyroylpalmitin.

To further confirm that the Dufour’s
gland contents consisted almost exclu-
sively of these substances, a small
amount was placed on the direct in-
sertion probe of the spectrometer. A
transient mass spectrum of palmitic acid
was observed; then the bulk of the
sample was evaporated at ~100°C,
showing superimposed spectra of the
above constituents. On heating to
~200°C small amounts of long-chain tri-
glycerides were observed.

By contrast, a sample of the cell wall,
extracted from adhering earth with
ether, consisted of a mixture of diglycer-
ides, mostly dipalmitin, with some pal-
mitostearin and a little distearin, when
inspected by direct insertion probe
(M* — CH; ions at m/z 550, 578, and
606, respectively). Their presence was
confirmed by gas chromatography-
mass spectrometry after derivatization
with bistrimethylsilyltrifluoroacetamide;
M+ — CH; ions appeared at m/z 625,
653, and 681, respectively. This treat-
ment also disclosed the presence of con-
siderable quantities of free palmitic and
stearic acid as well as a very siall
amount of the Dufour’s gland constitu-
ents. Ether extracts of the provision ma-
terials gave approximately the same re-
sult. _

Since the Dufour’s gland appears to be
the only source of the bulk of both mate-
rials, we suggest that the lipid is bio-
synthesized by the bee in the less vis-
cous triglyceride form (both synthetic di-
butyroylpalmitins are mobile oils at
23°C) to facilitate storage and transfer
from the Dufour’s gland. After secretion,
the glycerides appear to be rapidly hy-
drolyzed and transesterified, perhaps by
enzymes present in the bee’s saliva or
gut, as the contents are spread on the
walls of the cells. Supporting this view is
the fact that fresh Dufour’s gland con-
tents extracted by microcapillary lack
the cheesy odor (butyric acid) character-
istic of the cell lining.

The higher-melting diglycerides (di-
palmitin is a solid at room temperature)
resulting from this process appear to be
better suited for cell wall construction,
but their ultimate function is to serve as a
source of easily digested food for the lar-
vae (diglycerides are generally consid-
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ered more digestible than triglycerides).
It seems likely that the odoriferous
short-chain acids also serve some pur-
pose, such as a feeding stimulant or to
identify the locations of cells, but we
have no evidence on this point. The mi-
crobial production of this odor in An-
thophoridae has often been assumed (/),
but we isolated no odorifactant yeasts or
other such microorganisms from cells or
provisions.

Analyses of the Dufour’s gland con-
tents of related species, A. bomboides
Kirby and Clisodon furcata terminalis
Cresson, reveal that they also contain
triglycerides. In contrast, the cell linings
of many other species of Anthophora
and related genera are thin transparent
films (5, 6) and probably not used as lar-
val food. Most of the secretion may be
deposited instead in the provision, which
often has a cheesy or rancid odor similar
to that of A. abrupta. The use of a
glandular secretion as larval food in-
dicates a high level of specialization in
these solitary bees, comparable to the
production of royal jelly by honey bees.

BETH NORDEN*
Department of Biological Sciences,
Towson State University,
Towson, Maryland 21204
SuzANNE W. T. BATRA
Beneficial Insect Introduction
Laboratory, Department of Agriculture,
Beltsville, Maryland 20705
HENRY M. FALES,* ABRAHAM HEFETZ
Laboratory of Chemistry, National
Heart, Lung, and Blood Institute,
Bethesda, Maryland 20205
G. JoHN SHAW
Borriston Research Laboratory,
Temple Hills, Maryland 20031

References and Notes

1. C. D. Michener, The Social Behavior of the
Bees (Harvard Univ. Press, Cambridge, Mass.,
1974), pp. 103 and 220.

2. R. Kelly, Trans. Entomol. Soc. London 3, 37
(1924).

3. S. Vogel, Naturwissenschaften 58, 58 (1971); B.
B. Simpson, J. L. Neff, D. Seigles, Nature (Lon-
don) 267, 150 (1977).

4. M. S. Blum and J. M. Brand, Am. Zool. 12, 553
(1972).

5. S. W. T. Batra, J. Kans. Entomol. Soc. 45, 208
(1972); A. Hefetz, H. M. Fales, S. W. T. Batra,
Science 204, 415 (1979).

6. S. 1. Malyshev, Trav. Soc. Nat. Leningrad Sect.
Zool. Physiol. 55, 137 (1925).

7. C. Wesenberg-Lund, Entomol. Medd. 2, 97
(1889); L. Semichon, Bull. Soc. Entomol. Fr.
Belg. 15, 281 (1906).

8. P. Rau, Psyche 36, 55 (1929); T. H. Frison,
Trans. Am. Entomol. Soc. 48, 137 (1923).

9. M. Barber and T. O. Merren, Tetrahedron Lett.
18, 1063 (1964); R. A. Hites, Methods Enzymol.
35, 348 (1975).

10. J. Blomberg, Lipids 9, 461 (1974).

11. U. Varanasi, M. Everitt, D. C. Malins, Int. J.
Biochem. 4, 373 (1973).

12. We thank Dr. and Mrs. E. G. Worthley and Mrs.
W. Reese, Owings Mills, Md., for access to A.
abrupta nests on their property.

* PleaseF request reprints from S.W.T.B. or
H.M.F.

6 August 1979; revised 30 November 1979
SCIENCE, VOL. 207, 7 MARCH 1980

Binocularity in the Cat Visual Cortex Is

Reduced by Sectioning the Corpus Callosum

Abstract. In the normal cat, most cells in area 17 can be binocularly driven. Sec-
tioning the corpus callosum results in a significant reduction in binocularly driven
cells. Normal binocular vision is thus dependent on the corpus callosum.

Integrating information from the two
eyes is essential for binocular single vi-
sion and for binocular depth perception.
The neural substrate for this integration
is assumed to be cells that receive binoc-
ular input. In the visual pathway from
the retina, information from each eye re-
mains segregated in separate laminae of
the lateral geniculate nucleus, and binoc-
ular cells first occur in the visual cortex.
It has always been assumed that conver-
gence of the input from cells in two adja-
cent lateral geniculate laminae onto
single cortical cells is the primary means
of achieving binocular integration (7).
We have found that the corpus callosum
also plays an important role in this sys-
tem of binocular integration.

The corpora callosa of 11 adult cats
were sectioned (2). In one sham-oper-
ated control animal, the skull was
opened and the right hemisphere re-
tracted to expose the corpus callosum,
but no lesion was made. Between 6 and
51 days after surgery, extracellular re-
cordings were made from single neurons
in area 17 of the left hemisphere (3, 4).
Recordings were made from the medial
bank of the lateral gyrus to ensure sam-
pling across ocular dominance columns.
Receptive fields were classified as simple
(types I and II) or complex, and each of
these types was further subclassified as
hypercomplex if the unit did not respond
to long lines (3, 6).

Ocular dominance was estimated ac-
cording to the 1 to 7 scale of Hubel and
Wiesel (7). The receptive field size and
location of each cell was marked on a
tangent screen, and its position relative
to the optic disks and vertical meridian

Fig. 1. Ocular dominance his-
togram compiled from single
unit recordings in area 17 of
five normal and one sham-op-
erated cat (A) and 11 cats in
which the posterior corpus
callosum had been sectioned
(B). In normal cats, 80 percent
of cortical neurons can be bin-
ocularly activated (ocular
dominance columns 2 to 6)
compared with 37 percent in
CCX cats.

Units (No.)
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was measured. We used a fiber optics
system to project the retinal landmarks
onto the tangent screen (8). After the fi-
nal recording sessions, each animal was
killed, the brain sectioned, and com-
pleteness of the lesion confirmed. Four-
teen cells were recorded from the sham-
operated cat, 66 cells from normal cats,
and 304 cells from cats in which the cor-
pus callosum had been sectioned (CCX
cats). Of the 304 cells recorded in the
CCX cats, 29 were not responsive to vi-
sual stimulation and 10 were geniculate
afferent fibers. These 39 units have not
been included in the data analysis. The
ocular dominance distribution of the re-
maining 265 cells recorded in CCX cats
is shown in Fig. 1. Sixty-three percent of
the cells responded to input from one eye
only (ocular dominance groups 1 and 7),
and 40 percent of all neurons were driven
only by the contralateral eye. The distri-
bution of cells driven by the left or right
eye was not random but was clustered,
suggesting a columnar organization (9).
In the sham-operated cat, only 16 per-
cent of the cells were monocularly driv-
en; this proportion did not differ from
that of the five normal cats, and the data
were thus combined (Fig. 1). In this nor-
mal ocular dominance distribution, only
20 percent of the cells are monocularly
driven. The ocular dominance distribu-
tion in cats with corpus callosum section
is significantly different from normal
[x* 3) = 45.5, P < .001].

Figure 2 shows the ocular dominance
distribution in CCX cats for simple type I
and type II cells and for complex cells,
with receptive fields more than 4° from
the area centralis. We have excluded

1104

90

Ocular dominance



