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Heat stress induced enhancement of heat shock protein gene activity in the honey bee (Apis mellifera) 
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Summary. We employed in vitro translation of mRNA and product separation using SDS-PAGE to examine the 
heat-shock response of the worker honey bee. Increases in the levels of 6 translatable RNA populations were observed 
following heat stress. The greatest response was observed among bees aged 9 days. Slight levels of induction of 70 
and 82 kDa heat shock proteins were evident among bees taken directly from the colony. 
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Exposure to elevated temperatures and a wide variety of 
environmental stresses induces the production of a small 
number of highly conserved proteins in cultured cells and 
whole organisms: these proteins have been designated as 
the heat-shock proteins or hsps. The response appears to 
be universal among all organisms examined including 
such diverse organisms as Escherichia coli, Drosophila 
melanogaster, Zea mays, and man ~ - a. Some of the heat 
shock genes have been highly conserved during evolu- 
tion: the hsp70 protein from man, for example, is 73 % 
identical to that of Drosophila 4. Induction of hsp synthe- 
sis occurs at different temperatures in different organ- 
isms: induction temperatures typically correspond to the 
upper portion of the natural growth range of each organ- 
ism 2. 

The highly social structure of the honey bee (Apis mel- 
lifera) colony includes a unique adaptation among poi- 
kilotherms: although individual bees exhibit poor ther- 
moregulatory capabilities, intact clusters of  several 
thousand individuals exhibit excellent thermoregulation 
over a broad continuum of temperature extremes 5,6. The 
cluster center can be maintained at ca 33-34 ~ regard- 
less of the ambient temperature. The honey bee cluster 
has, therefore, been viewed as a superorganism and a 
functional homeotherm 7. 
Since in other arthropods, such as Drosophila, normal 
cluster temperatures would be sufficient to induce hsp 
production s , we questioned whether honey bees have 
evolved a higher threshold for hsp induction or whether 
some level of natural induction would be evident within 
the normal confines of  the active cluster. Here we de- 
scribe the heat-shock response of the worker honey bee. 
We employed in vitro translation o f m R N A  and product 
separation using SDS-PAGE to examine transcriptional 
activity in bees: 1) taken directly from the colony; 
2) removed from the colony and acclimated to the ambi- 
ent temperature; and 3) removed from the colony and 
exposed to a heat stress. 

Materials and methods 
Newly emerged workers within a colony were marked 
(with a distinct paint dot on their thorax) at intervals 

which provided defined-age cohorts of 0, 9, and 27 days. 
Two colonies were examined in this manner. Also exam- 
ined were broadly defined age-groups of workers from 
several additional colonies: 1) newly emerged; 2) young 
bees removed from the brood nest area; and 3) older bees 
obtained at the hive entrance. Test bees were allowed free 
�9 ght and normal participation in colony activities until 
just prior to a given experiment. 
In each experiment, representative age cohorts of bees 
were collected from a colony and divided into 3 treat- 
ments (n = 10 bees per treatment). Bees representing the 
first treatment (A) were immediately frozen in liquid N 2 
and stored at - 80 ~ This group therefore reflects nor- 
mal within-colony levels of transcriptional activity. Bees 
representing the second (B) and third (C) treatments were 
placed in screen cages and transported directly to the 
laboratory. Bees in treatment B were placed on a labora- 
tory bench (T = 26 ~ for about 4 h, frozen in liquid N 2 
and stored at - 80 ~ This group therefore reflects levels 
of transcriptional activity in isolated bees at ambient 
temperatures. Bees in treatment C were placed in an 
incubator at 42~ for about 4 h, frozen in liquid N 2 and 
stored at - 80 ~ A 4-h treatment period was selected 
based upon kinetics of the hsp response in Drosophila: it 
provided a high probability for a maximum hsp re- 
sponse s (treatment C) and conversely, it provided an 
adequate period for inactivation of hsp mRNAs pro- 
duced at the normal cluster temperature of  33-34 ~ 9 
(treatment B). 
RNA was isolated from pooled samples of 3 bees per 
treatment as previously described 1~ Briefly, samples 
were homogenized in phenol and a lysis solution contain- 
ing 0.5 % SDS, followed by standard phenol/chloroform 
extraction. Nucleic acids were initially precipitated in 
ethanol and RNA subsequently selectively precipitated 
in 3 M ammonium acetate. 5 gg of RNA from each sam- 
ple were translated in vitro in the presence of 35S-me- 
thionine (Amersham) using a rabbit reticulocyte system 
(Promega). Constant volumes of the translation mixture 
were compared using one- and two-dimensional SDS- 
polyacrylamide gel electrophoresis as previously de- 
scribed 10. Autoradiography was performed at - 80 ~ 
with an intensifying screen. 
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Results and discussion 
Exposure of  0-, 9-, and 27-day-old worker bees to 42 ~ 
for 4 h resulted in an increase in levels o f  at least 6 trans- 
latable R N A  populations (fig. 1, compare heat-stressed 
bees, lane C, to bees held at ambient temperature, lane B, 
in each age group). The molecular weights of  these trans- 
lation products are similar to hsps observed in heat- 
shocked Drosophila s. Similar heat-shock-specific in- 
creases in higher molecular weight (70 and 82 kDa) 
translation products were observed across all age groups. 
Heat-shock-specific increases in lower molecular weight 
translation products (23, 27, 33 and 36 kDa) were always 
most  evident in 9-day-old bees. This age-specific variabil- 
ity in hsp induction is not inconsistent with well-known 
aspects of  worker bee nutrition. That is, workers do not 
begin consuming pollen (the sole protein source o f  the 
honey bee) until several hours after adult eclosion and 
subsequently shift by 8 - 1 0  days post-eclosion to a pre- 
dominantly carbohydrate diet 11. Newly emerged and 
older workers therefore exhibit lower nitrogen contents, 
suggesting the potential for decreased transcriptional 
and translational activity. Investigations with Drosophila 
have demonstrated that  transcriptional activity is very 
similar in very young and older individuals and that a 
more complex pattern of  transcriptional activity is ob- 
served in middle-aged individuals 12. 
Our results further suggest that slight levels of  hsp induc- 
tion o f  some hsps occur within the normal colony envi- 
ronment. The higher molecular weight (70 and 82 kDa) 
translation products associated with heat-stress (fig. 1, 

lane C) are evident, albeit at lower levels, among bees 
taken directly f rom the colony (fig. 1, lane A), but are 
clearly reduced among bees held at ambient temperature 
(fig. 1, lane B). Similar increases in the lower molecular 
weight translation products are not evident. This phe- 
nomenon is not surprising as the role of  low molecular 
weight hsps in the acquisition of  thermotolerance is un- 
certain 3. Within-colony hsp induction was clearly evi- 
dent following two-dimensional gel electrophoresis o f  
translation products (fig. 2). Also, as in Drosophila 8, the 
honey bee hsp70 gene family is multigenic: we observed 
an increase in relative intensity of  at least 4 spots in the 
68 -70  kDa category following heat stress. Physiological 

Figure I. Typical autoradiograms of SDS-12% polyacrylamide gels 
showing in vitro translation products observed among adult worker bees 
aged 0, 9, and 27 days. A bees taken direct/y from the colony; B bees 
acclimated to ambient temperature for 4 h; C bees exposed to 42 ~ for 
4 h. Arrowheads delineate heat stress inducible translation products. 
Molecular weight markers (kDa) are indicated. 

Figure 2. Typical autoradiograms of two-dimensional separation of in 
vitro translation products from worker bees aged 9 days: A taken directly 
from the colony; B acclimated to ambient temperature for 4 h; and C 
exposed to 42 ~ for 4 h. Isoelectric focusing was conducted on a pH 5-7 
gradient. Second-dimension electrophoresis was in SDS-12 % acrylamide 
slab gels. Arrowheads delineate heat stress inducible translation prod- 
ucts. Open arrowheads indicate members of the hsp70 gene family. 
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studies by Free and Spencer-Booth 13 support  our obser- 
vations of  within-colony hsp induction: survivorship of  
bees exposed to 4 5 - 4 7  ~ is higher among bees previous- 
ly acclimated to normal  colony temperatures (35 ~ 
than bees initially held at ambient  temperature 
(20 ~ 
We hypothesize that  slight hsp induction within the nor- 
mal colony may  provide an adaptive mechanism for 
resisting the potential adverse effects of  colony overheat-  
ing. Although the functional significance of  the heat- 
shock response is presently uncertain, the response may  
be a ubiquitous mechanism for maintaining cellular 
homeostasis. There is clear evidence at both  the cellular 
and organismal levels that  induction of hsp synthesis is 
frequently correlated with the acquisition of thermotoler -  
ance. That  is, an initial exposure to mild heat-shock 
conditions confers increased survivorship to previously 
lethal temperatures 2'3' 14,15. Within-colony hsp induc- 
tion (and subsequent acquisition of  thermotolerance) 
may be important  to honey bees not only during warm 
weather, but also in cold climates as colony survival is 
dependent upon  heat product ion by individual bees (pri- 
marily by microvibrat ion of  flight muscles) within the 
cluster 16. Thoracic temperatures of  these bees at times 
undoubtedly exceed 40 ~ in order to maintain cluster 
temperatures of  33 -34  ~ Core temperatures of  40.5 ~ 
have been reported under cold weather conditions 3. 
There is also a growing body of  evidence that  hsps can be 
induced by a variety of  other stress treatments 15. Agents 
that  do induce hsp synthesis also frequently convey ther- 
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motolerance to the organism 1-3. Most  importantly,  
cross-resistance among  various inducing agents is often 
observed: heat-shock, for example, induces tolerance to 
ethanol, anoxia and several other forms of  stress 2. I f  hsp 
induction in the honey bee proves to be associated with 
various environmental  stimuli, observations of  levels of  
induction may  provide a vehicle for monitor ing the ef- 
fects of  various stress-inducing agents on colony dynam- 
ics. 
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Production of active and passive anaphylactic shock in the WBB6F 1 mouse, a mast cell-deficient strain 
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Summary. The role of  mast  cells in active and passive anaphylactic shock was examined using the WBB6F 1 mouse, 
a genetically mast  cell-deficient strain. Lethal anaphylactic shock occurred at high incidence rates in mice actively 
sensitized to bovine serum albumin (BSA). The reaction was specific to BSA since the shock could not be elicited by 
human  or guinea pig serum albumin in these animals. Lethal shock could be prevented by CV-3988 but not by 
cyproheptadine,  which suggests that  the shock is mediated by PAF but  not by histamine and serotonin. Similarly, 
lethal shock was provoked by homologous antigens in mice which had been passively sensitized with allogeneic 
anti-benzylpenicilloyl (BPO) IgG 1 monoclonal  ant ibody or with allogeneic or xenogeneic anti-BSA antiserum, but 
not in those sensitized with allogeneic anti-BPO IgE monoclonal  antibody. These findings suggest that  mast  cells are 
not necessarily required for anaphylactic shock in the mouse. 
Key words. WBB6F 1 mouse;  anaphylactic shock; IgE antibody;  IgG 1 ant ibody;  xenogeneic antibody;  mast  cell- 
deficiency. 

Type I hypersensitivity reactions, such as anaphylactic 
shock and passive cutaneous anaphylaxis (PCA), is 
caused by histamine, serotonin or other chemical media- 
tors released by antigen-antibody interaction f rom mast  

cells and basophils 1. The role of  mast  cells would be 
particularly important  in the mouse since, in general, few 
basophils are present in mouse blood 2. However,  it has 
recently been found that  anaphylactic shock in mice is 


