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some groups of phytoplankton, such as chro-
mophytes and coccolithophorids, more than
other groups, such as diatoms or cyanobacte-
ria (12). The increase in both albedo and
chlorophyll between 52° and 60°W in April
(Fig. 2A) corresponds to coccolithophore
blooms off the coast of Iceland in the summer
and to high DMS concentrations in the upper
ocean (13). At lower latitudes, however,
there are insufficient data on the temporal and
spatial distributions of coccolithophores or
other major DMS producers. It is possible that
the relation between DMS and chlorophyll
on the large spatial scales examined here may
be more robust than on the small scales
normally examined by surface vessels (14).

Analysis of the relation between SST and
albedo indicated that in some regions higher
albedo was associated with high SST; how-
ever, in 40% of the regions high albedo was
associated with low SST. Although a multi-
variate model could be developed for each
region with SST and chlorophyll used to
predict albedo (15), our results suggest that
the relation among the albedo of marine
stratus clouds, cloud temperature, and SST
is complex and cannot be generalized for the
basin throughout the year.

We conclude that, near the continental
margin, both natural and anthropogenic pro-
cesses can contribute to the enhanced albedo
of marine stratus clouds; we cannot quantita-
tively apportion the relative importance of
these two factors from the available data.
Over the central North Atlantic Ocean ba-
sin, however, much of the variability in
albedo appears to be related solely to natural
factors. Although over the last 100 years
anthropogenic sulfate emissions have in-
creased exponentially, natural marine emis-
sions of DMS probably have remained rela-
tively constant (16). The anthropogenic
emissions appear to have affected noncloud
reflectivity (17); however, the effect of human
activities on cloud albedo appears to be min-
imal in the remote marine environment.
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Functional Specialization of Olféctory
Glomeruli in a Moth

Bill S. Hansson,* Hakan Ljungberg, Eric Hallberg,
Christer Lofstedt ‘

The specific function of the glomerular structures present in the antennal lobes or olfactory
bulbs of organisms ranging from insects to humans has been obscure because of limi-
tations in neuronal marking methods. By tracing individual neurons in the moth Agrotis
segetum, it was determined that physiologically distinct types of pheromone receptor
neurons project axons to different regions of the macroglomerular complex (MGC). Each
glomerulus making up the MGC has a specific functional identity, initially processing
information about one specific pheromone component. This indicates that, at least through
the first stage of synapses, olfactory information moves through labeled lines.

Olfactory glomerulus function has been
studied by a variety of methods, including
activity mapping by deoxyglucose injec-
tions (I, 2) or tracing by antero- or retro-
grade filling of afferent neurons (3-6).
These studies have involved large numbers
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of sensory cells and have thus shown acti-
vation of large areas in the olfactory bulbs
or lobes, or filling of large numbers of
neurons of unknown specificity. We have
here recorded electrophysiologically from
single, pheromone-specific receptor cells on
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Fig. 1. Section through the antennal lobe in a
male Agrotis segetum. The enlarged macroglo-
merular complex is situated close to the en-
trance of the antennal nerve (AN) and contains
four glomerular units (A, B, C, and D). In this
section subunit D is not visible. Below the MGC
a cluster of ordinary glomeruli (O) is situated.

Table 1. Summary of sensillum fills (20). Num-
bers in parentheses indicate how many cells
were filled with each stimulus. Numbers below
glomeruli A, B, C, and D indicate how many
neurons projected to each glomerulus from the
different sensillum types, when stimulated with
the respective stimuli.

Z5- z7- Z29-

Stimulus 10:0Ac  12.0Ac 14:.0Ac

A B A+B C C+B D D+B

Z5-100Ac(18) 5 1 12 0
Z5-100H(11) 17 3 0
Z7-120Ac(10) 0 0 0 6
Z9-14:0Ac(1) 00 0 O

oOHs~OO
oooo
X=X

a male moth antenna, and subsequently
defined these cells morphologically, to
study the projections of individual, afferent
olfactory neurons. The results show func-
tional separation of the glomerular subdivi-
sions present in the male moth MGC,
which is known to be responsible for the
initial integration of information about sex
pheromones in the male moth brain (7-
10). Three different types of sensory cells,
each activated by a different pheromone
component, project to three morphologi-
cally defined subunits of the MGC.
Pheromone-sensitive olfactory sensilla
on the male turnip moth Agrotis segetum
(Lepidoptera; Noctuidae) antenna were

B. S. Hansson and C. Lofstedt, Department of Ecolo-
gy, Lund University, S-223 62 Lund, Sweden.

H. Ljungberg and E. Hallberg, Department of Zoology,
Lund University, S-223 62 Lund, Sweden.

*To whom correspondence should be addressed.
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Fig. 2. Typical examples of serial reconstructions of single olfactory afferents filled in the
experiments. The different physiological types are indicated by their pheromone component
specificity. Two examples of each type are presented. The outline of the glomerular unit innervated
is indicated by a thin line, the units situated behind it in a frontal section are indicated by a thicker
line, and the ones situated in front by a dotted line. The letter designations of the four glomerular
units (A, B, C, and D) according to Fig. 1 are shown,in one reconstruction, for comparison. Note that
Fig. 1 shows an MGC from the right antennal lobe of the moth brain, whereas the reconstructions
show left lobe MGCs. Below each reconstruction the physiological response of that receptor neuron
to its key stimulus is represented. The response of a cell to stimulation by the two components for

which it was not specific was zero.

classified by electrophysiological response of
one of the two cells present in a sensillum
to pheromone components. Three types of
sensilla occur, each containing a cell spe-
cifically tuned to one of the three phero-
mone components: (Z)-5-decenyl acetate
(Z5-10:0Ac), (Z2)-7-dodecenyl acetate
(Z7-12:0Ac), or (2)-9-tetradecenyl acetate
(Z9-14:0Ac). Of 3000 sensilla tested, 66%
responded to Z5-10:0Ac, 33% to Z1-
12:0Ac, and much less than 1% responded
to Z9-14:0Ac. Each of the sensillum types
contains an additional cell. In sensilla re-
sponsive to Z5-10:0Ac, the second cell is
stimulated by Z5-10:OH. The key stimulus
for the second cell in the other two sensil-
lum types is not known.

Olfactory cells of physiologically identi-
fied sensilla were filled anterogradely with
cobalt lysine (12). The insect brain was
subsequently dissected, and filled cells were
visualized by silver intensification of the
cobalt. Axonal projections of the olfactory
receptor cells in the antennal lobes were
reconstructed from 10-pm sections. At-

tempted fillings of cells in ten sensilla with--

out odor stimulation all failed, whereas
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nine out of ten attempts of filling during
stimulation were successful (P < 0.001,
Fisher’s exact probability test).

Four general subdivisions are apparent in
the MGC (Fig. 1) (13). When the neurons
from the three types of sensilla were recon-
structed, different projection patterns
emerged (Fig. 2). Cells in the Z5-10:0Ac
sensillum type always projected into regions
A and B, cells in the Z7-12:OAc sensillum
projected into regions B and C, and cells in
the Z9-14:OAc sensillum projected into
regions B and D. In 20 out of 40 successful
fills, only one of the two cells contained in
a sensillum filled. Challenging the Z5-
10:0Ac sensillum with Z5-10:OAc resulted
mainly in fills projecting to the A region,
whereas stimulation with Z5-10:OH result-
ed in a dominance of projections to the B
region. The selective filling of regions A
and B from the two cells housed in the
Z5-10:0Ac sensillum was statistically sig-
nificant (P = 0.016, Fisher’s exact proba-
bility test) (Table 1). Six single fills of the
Z7-12:0Ac sensillum, stimulated with Z7-
12:0Ac, all projected to region C. Our
interpretation of the data is thus that the



75-10:0Ac—specific cell type projects to
MGTC subunit A situated in the medial part
of the MGC. In this sensillum type the
second cell, responsive to Z5-10:0H, ter-
minates in MGC subunit B, close to the
entrance of the antennal nerve into the
antennal lobe. The cell responsive to Z7-
12:0Ac projects to MGC subunit C, situ-
ated in the middle of the MGC. In the
same sensillum, a second cell of unknown
specificity projects to subunit B. In approx-
imately 3000 contacts made with olfactory
sensilla during this investigation only one
79-14:0Ac—specific cell was encountered.
In this sensillum two cells were filled. One
terminates in subunit D, ventral and poste-
rior to the other subunits. As in the other
two physiological sensillum types, the sec-
ond cell projects to subunit B. No correla-
tion was observed between the topographi-
cal situation of sensilla on the antenna and
their projection into the MGC subunits.

Filling of the second, unstimulated neu-
ron in a sensillum may depend on neural
activity induced after prolonged stimulation
of the other cell in the sensillum. For
example, in the Z5-10:0Ac sensillum,
buildup of the hydrolysis product of Z5-
10:0Ac, namely Z5-10:0H, may serve as
the stimulus for the nonstimulated cell.

Selective filling of neurons present in
the same sensillum has been used to inves-
tigate central nervous projections of taste
receptors present on the labellum of Dro-
sophila. By using horseradish peroxidase
cocktails laced with the stimulus for one of
the receptor cells present in the sensillum,
different cell types were filled (14). The
response characteristics of the sensilla in-
vestigated were, however, not known.

Functional partitioning in the primary
olfactory center has been analyzed in rats
(3-5), crayfish (15), cockroaches (16, 17),
fruit flies (2, 6), and moths (18, 19). In
Drosophila, studies with 2-deoxyglucose
have until now presented the strongest
evidence for a functional partitioning of the
antennal lobe (2, 6). In the moths Manduca
sexta (17) and Heliothis virescens (18), single
projection neurons of known specificity
were identified morphologically, and the
dendritic trees of some of these were clearly
confined to different glomerular parts of the
MGC. However, other types of projection
neurons did not confirm the pattern (17,
18). Projection of single neurons was also
analyzed in the cockroach Periplaneta, but
no clear structure-function relation was ob-
served (15, 16). These studies have indicat-
ed that there might be functional signifi-
cance to the arrangements of glomerular
structures in the olfactory pathway.

We show here that specific identifiable
olfactory receptor types project to distinctly
separated glomerular structures in the MGC
of the antennal lobe, thus strongly indicat-

ing that these are functionally distinct
units.
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Association of a 59-Kilodalton Immunophilin
with the Glucocorticoid Receptor Complex

Ping-Kaung Ku Tai, Mark W. Albers, Hong Chang, Lee E. Faber,
Stuart L. Schreiber*

Immunophilins, a family of proteins that exhibit rotamase (peptidyl-prolyl cis-trans
isomerase) activity in vitro, are expressed in many organisms and most tissues. Although
some immunophilins can mediate the immunosuppressive actions of FK506, rapamycin,
and cyclosporin A, the physiological role of the unligated proteins is not known. A 59-
kilodalton member of the FK506- and rapamycin-binding class was found to associate in
the absence of these drugs with two heat shock proteins (hsp90 and hsp70) and the
glucocorticoid receptor (GR). Together, these proteins make up the inactive GR, thus
biochemically linking two families of proteins proposed to be involved in protein folding and
assembly as well as two potent immunosuppressive modalities.

Immunophilins are proteins that bind the
immunosuppressants FK506, rapamycin,
and cyclosporin A (CsA) (1). Immunophil-
ins are comprised of two classes: the FK506-
and rapamycin-binding proteins (FKBPs)
and the CsA-binding cyclophilins. Certain
members of each class mediate the ability of
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the drugs to block intermediate steps along
specific signal transduction pathways in a
variety of cell types (2, 3). Although all
known immunophilins have rotamase (pep-
tidyl-prolyl cis-trans isomerase) activity in
vitro, the relevance of this activity in vivo
is unknown. Thus, the cellular role of these

1315





