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SUMMARY: Mannose toxicity in honeybees is due to a marked shortage
of mannosephosphate isomerase that leads to a large accumulation of
mannose-6-P and a marked depletion of ATP. Drosophila melanogaster
and Ceratitis capitata are insensitive to mannose and have excess of
mannosephosphate isomerase over hexokinase. 2-Deoxyglucose is as
toxic as mannose for honeybees and is toxic alse for the other in-
sects studied, which supports the conclusion that the mechanism of
mannose toxicity involves large accumulation of a hexosephosphate.
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Mannose has been found to be teratogenic for rat embryos , in
vitro (1) and in vivo (2). Mannose was known to be toxic for honey-
bees because of unbalance between a high hexokinase activity and a
lTow mannosephosphate isomerase activity (3), a conclusion later
questioned (4,5) or indirectly supported (6) by others. Now it
appeared important to inequivocally ascertain the mechanism of
mannose toxicity in bees. The results reported here fully confirm a
specific shortage of mannosephosphate isomerase in honeybees leading
to a large accumulation of mannose-6-P and a marked depletion of ATP
when they ingest mannose.

MATERIALS AND METHODS

Animals: Honeybees (Apis mellifera), Drosophila melanogaster
and Ceratitis capitata were obtained from Tocal sources, kindly
supplied of Mr. P.F. Grande, Dr. M. Calleja and Dr. M. Mufioz respec-
tively.

Mortality study: Lots of 15 honeybees, 50 Ceratitis and 100
Orosophila were offered 1 M solutions of mannose, glucose or
2-deoxyglucose (Sigma Chemicals Co.). Number of dead animals were
counted at time intervals on the basis of lack of any visible move-
ment.
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Enzyme assays. Lots of each of the indicated species weighing 1
to 2 grams were homogeneized with 0.1 M HEPES, 0.1 M KC1, 1 mM MgCl,,
2 mM mercaptoethanol, pH 7.4, in a Polytron homogeneizer; th
homogenates were filtered through gauze and centrifuged at 600 x g
for 10 min, discarding the sediment. To the supernatants was added
Triton X-100 for 1% concentration before assay of the enzymes. Hexo-
kinase was assayed with 0.5 mM mannose and 2 mM ATP, with mannose-
phosphate isomerase, glucosephosphate isomerase and glucose-6-
phosphate dehydrogenase (0.5 U each) by the conventional spectropho-
tometric method at room temperature with 0.5 mM NADP  in presence
of 0.05 M HEPES, 0.IM KC1, 0.01 M MgCi,, pH 7.4. Mannosephosphate
isomerase was assayed with 10 mM mannoé%-G-P, and_ glucosephosphate
isomerase, glucose-6-phosphate dehydrogenase, NADP™ and the buffer
mixture described above.Hexokinase was also assayed with 0.5 mM
glucose, 2 mM ATP and glucose-6-phosphate dehydrogenase (0.5 U).
Glucosephosphate isomerase activity was determined with 0.5 mM
fructose-6-P and glucose-6-phosphate dehydrogenase (0.5 U).

Determination of mannose 6-P and ATP concentrations. Lots of 15
honeybees, were inmersed in dry ice, extracted with 10% perchioric
acid, and homogeneized first in a mortar and then in a Polytron ho-
mogeneizer, followed by neutralization with 2 M KOH, 0.5 M tri-
ethanolamine, and removal of insoluble material by centrifugation.

Mannose-6-P and ATP were assayed by conventional enzymatic proce-
dures (7).

RESULTS AND DISCUSSION

The results in Fig. 1 show the marked specificity of the
mannose toxicity for honeybees, as illustrated by the contrast be-
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FIG, 1. Mortality induced by mannose in honeybees and by
2-deoxyglucose in honeybees, Drosophila and Ceratitis. 1 M
solutions of sugars were offered as described in Materials
and Methods.
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tween the rapid mortality of bees and the lack of toxicity for two
other insects commonly used in laboratory work, namely Drosophila
and Ceratitis capitata (8), while for all of them is
toxic the readily phosphorylable but not further metabolizable
2-deoxyglucose (9). These results also suggest important time differ-
ences in the rapid energy metabolism of bees respect to the other in-

melanogaster

sects studied here. Survivals shown in the figure should be related
to mortality with water alone, which at 4 and 12 hours were: bees 10
and 100%, Drosophila 15 and 30%, and Ceratitis 0 and 7%.

The main enzymes of mannose metabolism, hexokinase and manncse-
phosphate isomerase in the three types of insect are shown in Fig 2.
Mannose phosphorylation activity is high in all, in the order bees)
Ceratitis >
bees that the ratio hexokinase (mannose)}/mannosephosphate isomerase

Drosophila. Mannosephosphate isomerase is so Tow in

is as high as 25, while the other two insects have ample excess of
ability to isomerize mannose-6-P over their abilities to phosphory-
late mannose. Under similar conditions of assay the phosphorylation
of glucose by the homogenates of the three insects was about 1.5
faster than that of mannose, consistent with typical hexokinases, as
shown previously for the bees (6,10); and glucosephosphate isomerase
activity was 5 to 10-fold that of hexokinase with glucose in all
cases.

The time course of the large accumulation of mannose-6-P in
bees intoxicated with mannose is shown in Fig. 3, which alsc shows a
simultaneous very marked decrease in ATP levels. In similar condi-
tions glucose-fed bees had 0.05 umol/g of mannose-6-P and 2.3 pmol/g
of ATP.

These results indicate that in honeybees offered mannose a con-
stitutional scarcity of mannosephosphate isomerase in the presence
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FIG. 2.

Hexokinase activity with mannose

and mannosephosphate

isomerase in honeybees, Drosophila and Ceratitis. Enzymes

activities were assayed
Materials and Methods.
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FIG. 3. Accumulation of mannose-6-P (e) and decrease of ATP (o) in
honeybees along intoxication by mannose.Lots of 15 bees
just taken from the hive were offered 1 M mannose and
treated at the indicated times as described in Materials
and Methods.

of a high level of hexokinase able to phosphorylate mannose leads to
accumulation of high levels of mannose-6-P with a concomitant large
decrease of ATP, It is proposed that this mechanism of mannose toxic-
jty in honey bees can serve as a model in the search for the molecu-
lar basis of the teratogenicity of mannose for rat embryos. Prelimi-
nary results from this laboratory suggest that this mechanism is in-
volved in mannose toxicity for certain tumors {J. Gutierrez, M.

de la Fuente and A. Sols).
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