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ABSTRACT

A colony of eusocial bees is constitute of workermles and a queen, each one with
specific functions in the society. These particufanctions imply in differential
physiologies and therefore differential nourishingeeds. This paper contains an
evaluation of the midgut size and histology in eléint life phases of the mentioned
individuals, besides observations about the foadkm the food intestinal transit and
eletrophoretic proteins pattern of midgut extradise results show a parallel between the
individual function in the colony and these digestparameters.
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INTRODUCTION

The adult components of the eusocial bee coloraee Iparticular social functions
that demand different food consumptions. The gquags most of the eggs that ensure the
maintenance of the colony population and eventupftyvides colony proliferation by
swarming. The males have the almost unique funaifonseminate the queen during the
nuptial flight, while the workers are responsibbe évery action necessary to maintain the
colony and brood growth. The workers tasks are daklen accordingly to their
physiological age and colony needs (16,18,21).

Every of these functions require different energypenses (9,14,15). This
circumstance produces different nutritional requieats among the colony adult individual
classes, as well as functions of the same indiVidloag its age. The workers and males
feed mainly in honey or nectar and pollen, while tjueen eat mostly the royal jelly
supplied by the workers. A constant flux of foodspaininterruptedly through the colony
components by trophalaxis (6,7,8).

Depending upon the function, the worker needs wdifferates of protein (21). The
newly emerged workers start feeding on pollen (b2gause a highly protein nourishment
is needed for the complete development of the asgamnd a little late to produce the
royal jelly. On the other hand, the foragers, ftight out the colony, need a more energetic
food and prefer nectar or honey (1).

The males, while in the colony , are fed by theseuworker (13) by trophalaxis,
probably with royal jelly, because while young astdl immature they, need a highly
protein diet . When mature and out of the colohg, males do not feed anymore, once their
presence in flowers was only rarely observed (15).

In face of these nutritional differences it mayduestioned if the enzymatic content

in the midgut and the food transit is the samallicolony individual classes and ages.



The midgut is the main portion of the gut whergedtion and absorption takes
place. The epithelial cells of its wall synthetizhe digestive enzymes and absorb most of
the products of digestion (5,17,22). The eventiggstion occurring in the foregut is due to
enzymes from the salivary glands or regurgitatednfthe midgut, but absorption in this
part of the gut never occurs (20). In the hindgavesal substances, mainly water and salts,
are absorbed and enzymes coming from the midgutstitaipe active in this gut section.

In spite of be the main digestive portion of the, glne gross anatomy and histology
of the midgut of bees is not differentiated alatisgength. It is constituted by an epithelial
wall, covered outside by two layers of muscles cineular and the other longitudinal (2).
Only at the transition between the foregut andntiidgut around the stomodeal valve, are a
ring of differentiated epithelial cells responsiblgthe production of part of the peritrophic
membrane (11). At the ultrastructural level, Jineeard Gilliam (17) and Terra & Barber
(25) found in epithelial cells ofA. mellifera the midgut differences that suggest a
regionalization of food absorption and enzymes petidn. According to the authors the
enzymes are synthetized in the posterior regioth@fmidgut and the absorption made in
the middle of the tube. Nevertheless $taptotrigona posticZerbo (personal information)
it seems that the synthesis and absorption are fopdel principal cells of the midgut,
while the water absorption and elimination is madly in determined regions.

In which way the functions performed by the midgutthe food digestion and
absorption really induce morphological differentas among the colony components is
another question to be investigated. It is knovat the worker honey bee eat pollen during
all life cycle and that this food is of difficultigestion and may be of low utilization (9),
therefore it is interesting to investigate if thésea delay in the pollen transit through the
gut and its regulation.

Therefore the present work was scheduled with the & verifiy if there are

differences in midgut anatomy and histology, in goality of intaked food protein content



and food transit and absorption along the midgat dould be related to the special needs

of the classes of individuals present in the colony

MATERIAL AND METHODS

The bees were obtained from the apiary of thetlristide Biociéncias (Unesp), Rio
Claro, SP., Br. The bees were captured from stawbgnies while performing tasks that
permited identify their life phase.

The workers were all collected in the same colong elassify as newly emerged
(NEW), nurses (NW) and foragers (FW). The queeresiugere all virgins (VQ) and the
males were separated into immature (IM), less #wardays old, and mature (MM), more

than fifteen days old.

Midgut Measurements

Measurements of the midgut length and width werdema fifteen individuals of
each class. In order to avoid the individual siz#uence, the length of the anterior wing
was used as representative of the class size andatia obtained from the measurements
submitted to the Spearman correlation test. Thexes between the wing length and
length-width of the midgut were treated by the nmmarametric test of Kruskal-Wallis
(ANOVA) at 0,05% significance.

Protein content and eletrophoretic protein pattern

Midguts of ten individuals of each class were ditse in cold buffered saline for

insects (7,5% NaCl in phosphate buffer, 0,1M, p#) and stored at -28C until the used.

For the midgut of queens and workers the peritoptembrane with the food content was



separated from the midgut wall tissues. From th&une males was impossible separate the
peritrophic membrane from the gut wall, thereforaswised the entire midgut. Extracts
were prepared macerating the material with 150udisiflled water.

The extracts were centrifuged at 10,000 rpm dusimgin. at 5°C. The total protein
content was carried out according to the metho&edmark and Grossberg (15) using
bovine serum albumin as standard.

The eletrophoretic separation of the protein in théracts was performed in
polyacrylamide gel under deneturated conditionsYSDPAGE). Aliquots of the extracts,
containing 50C1g of protein, were loaded in the gel. The molecwarght standard used
were constituted by bovine albumin (MW 66,000), pegMW 34,700), trypsinogen (MW
24,000),-lactoalbumin (MW 18,400) and lysosim (MW 14,300he gel was stained with
0,1% Comassie Blue Brillant G-250.

Intestinal Transit

Pollen, candy (a blend of sugar and honey) and 80&ar syrup were used for
study of the food transit.

The queens were not used in this part of the exygant since they don'’t eat the
itens given as food. Fifty individuals of each sldsr each type of food were separated in
groups of 10 in five box of 11 x 11 x 6,5 cm andve without food for 12 hr, at 32C.
After this time they receive the food stained vathatoxic dye, the janus green.

At 6h intervals, samples of five individuals weigptured and dissected in order to

observe the food transit in the gut. The experisardre performed in triplicate.

Histology

The midguts of three individual of each class weissected, and each one

separated into anterior, median and posterior nsgidhese regions are separately fixed in



4% paraformaldehyde in 0,1M pH7,5 phosphate bwtetaining 0,9% NaCl during 2h at
4 OC. After dehydration the sample were embedded # HiBtoresin. 5 um thick sections

were stained with hematoxylin and eosin.

RESULTS

Midgut length

The greatest midgut length was found in the mdteg X), with averages superior to
the other colony individuals. Although the wing dgim is statistically different in the
workers, males and queens (Fig 2), and a positiveelation was verified between the
midgut and wing length (Fig 3) only the differendetween NEQ and NEW; NEW and
FW; NW and FW; NEM and MM are not significant at %gel (Fig. 1).

The workers present the smallest midguts, but antioeg the nurses have midgut
lengths significantly greater from newly-emerged! dorager workers ones. Between the
males there are no significant differences, butnelivly-emerged classes of individuals

were different one from another (Fig. 1).

Protein dosage and electrophoresis

he protein content was greater in the midgut wetlfaets them in the peritrophic
membrane content (Tables 1A). The greatest valug¢h® midgut wall was found in the
newly emerged queen, followed by the forager, narse the newly emerged workers in
this order. To the peritrophic membrane the highe@ue was found in the nurse workers
and the lower in the newly-emerged ones.

In the whole midgut extracts of males, the valumm#l for the mature ones were

almost twice the rates found for the newly-emer@eble 1B).



The bands pattern of the midgut and peritrophic brame extracts of newly-
emerged queen and worker is very similar, excepthi® bands of 10.5 kDa present only in
gueen peritrophic membrane and of 14.3 kDa obseivadle midgut wall from newly-
emerged workers only (Table 2A).

The nurse workers presented the greatest varidigrds in the wall extracts, while
the greatest variety in the extracts showed upemtature one, wich several bands ranging
between 14.3 and 116.6 kDa (Table 2A). The malasestie bands of 18.4 and 14.3 kDa
(Table 2B).

Intestinal Transit

The movement of the food along the gut and its gdtgm was observed throughout
the localization of the stained food into the lumamd by the staining of the gut wall,
indicative of absorption.

The transit of syrup and candy through the gut Yeaser than the pollen in all
cases, but the ingestion of food and it dislocataord absorption varied among the
individual classes (Table 3). The syrup and candyrewtaken in great amounts. In
individuals fed with candy and syrup the crop appéalways loaded, but in that fed with
pollen, even in nurse workers they frequently evempty or with few grain. Frequently,
after 10 hr the stained pollen was yet not presetite hindgut (Table 4).

No stained pollen was found in the gut of newlyeeged or mature males during
the time they stay in the cages (Table 4). Thesttarf the syrup and candy was more rapid
in mature male guts . In these individuals the gywmas seen in the ileum 2.5 hr after the
feeding beginning and the candy just after tha fisur (Table 3). Males fed with candy
presented absorption in the posterior portion ef tidgut and in the ileum as could be

detected by the reddish color of these portionghefgut wall. The food residues in the



rectum lumen change the original green color teddish one, perhaps due to differences
of pH between the midgut and hindgut.

Although the newly-emerged workers feed in the aligple food in their cages,
after the 20 hrs of caging the food was not yeh se¢he hindgut, neither absorption could
be detected. In the nurse worker, both syrup amdycpass through the gut with similar
velocity, and 6 hrs after caging was found in tleeimn (Table 3). This kind of worker,
when fed with candy presented reddish color inntiiegut wall after 2.5 hrs and later also
in the ileum wall. Forager workers fed with syrdpwed similar results to the nurses. In
both cases the food passed rapidly through thguhidhe food was detected in the ileum
4 hrs after caging and in the rectum 6 hrs aftab(@ 3). A reddish color was observed in
the midgut and ileum wall of this class of the wark

In spite of the individuals have been maintainegedawithout food during 12 hrs,
some of the nurse and forager workers, collectan hfter feeding still presented not
stained pollen in the midgut and rectum. The nesvherged workers and males even
before starting feeding presented some materiddarmidgut, perhaps cellular residues left
from metamorphosis. In the mature males the gut wwtdly empty before the food is

given.

Histology

Some differences could be detected in the midgithelpum and content. The
newly-emerged queen gut presented no food at #dhowgh several layers of the
peritrophic membrane may be observed, mainly inangerior region (Fig 4A). In the
median and posterior regions of the gut the pgaftiomembrane layered condition is not
well discernible and the membrane appear as a thyek of amorphous material (Fig. 4B,

C). In the median region cellular debris are predestween the epithelium and the



membrane (Fig 5B). The epithelial folds are moreeatuated in the anterior region and
practically absent in the posterior midgut (Fig)4C

The newly-emerged male has no food in the midgut,dhow a well structured
peritrophic membrane in several layers, mainlyhia anterior region (Fig. 5A). As in the
gueen this arrangement tend to change in the metidrposterior regions, with loss of the
layered feature of the membrane (Figs. 5B, C). fikds of the epithelium are present
along all midgut length. The cells seem to prodace amorphous material strongly
basophilic which can be seen between the peritcopmembrane and the lumen and
between the membrane and the epithelium (Fig. 5A)JBthe median region this material
acquires a powder aspect (Fig. 5B). The maturesrddenot have a structured peritrophic
membrane. The epithelial folds are present alohghalgut, but the epithelial cells seem
damaged, presenting very small picnotic nuclei §FiBD-F). The midgut lumen has no
food, but cellular debris (Figs 5E, F).

The peritrophic membrane of the newly-emerged warlege less structured than
the ones of queen and males, as in any regiorowsino organized layered structure (Fig.
6A-7). In the anterior region, as in the malesrargjly basophilic material seems to be
detaching from the epithelium that may be peritiophembrane constituent (Fig. 6A). In
the middle and posterior region this is less evidEigs 6B, C). The epithelial folds almost
disappear in the posterior region and many bubftesobserved detaching from the cell
apices (Fig. 6C).

Pollen was never seen in sections of newly-emeigdigidual despite of the class,
showing that they have not fed yet. In the nurse fanager workers pollen was present.
The peritrophic membrane of the newly-emerged iddials appear thicker, probably due
to the small amount of food in the lumen (Figs. BDAIso the layers become less evident
as the individuals get older (Figs. 6G-I).

Layered peritrophic membrane is not seen in theéepios region of nurse workers

gut, probably, due to the great amount of poll¢a in(Fig. 6F).



Nests of regenerative cells can be seen alonghallmidgut of all classes of

individuals.

DISCUSSION AND CONCLUSIONS

Several aspects must be considered in the discuskibe present results.

There is a highly positive correlation between itegut length and the individual
size in such a way that eventual differences betwde phases of the same class of
individuals a must be due to the midgut filling wih food and not to a real difference in
the midgut size.

In general the youngest workers and males need proteic food to physiological
maturation of the organs and the queens need prfted during all life because of the
eggs production, but the other classes, when geneked more energetic than proteic food.
The workers start eating pollen just few hoursraémergence (9.12) corroborating the
need of proteins. Opposite to it the foragers yavwedre seen eating pollen. Therefore the
longer and wide midgut present in the nurse workeesdue to the amount of pollen into it,
which promotes its enlargement opening the epdh@ids. The pollen transit through the
gut being slow (3) promotes the accumulations ¢médrges the organ. The forager worker
that feed in nectar or honey, foods of prompt gttsam, have shorter midguts, as the food
do not accumulates into it (4).

Although some authors (13) report that the youndemaneed highly proteic
nourishment, in the present investigation themigvidences of the males eating, pollen .
This is justified as the only function of the maigshe queen insemination. When the male
emerge the spermatogenesis has already been fingsttethe sperm is descending from
the testes to the seminal vesicles. Therefore dwerthe gametogenesis, proteins are

anymore needed.



Another aspect of the present results is the pratencentration in the extracts. The
higher rate seen in the nurse worker peritrophimbrane extracts is due to the pollen into
it, and the lower rate in the newly-emerged worttee to the fact that they did not start
eating yet. In the midgut wall was assumed thatale of protein content is due both to the
tissue proteins and to variations in their différ@nsynthesis in worker different life
phases. In the males where the whole midgut weastetiethe newly-emerged ones,
presented the lower values, probably because tharess synthesis was not initiated. The
observed difference between newly-emerged and manales is due to the fact that
mature males eat candy only.

The differences between the extracts from the mnidgall and peritrophic
membrane are due to structural proteins presdiieipollen and in the midgut cells and to
stored proteins in both kind of cells. The nursekecs showed the greatest variety of
bands in the peritrophic membrane extracts althotingh was expected in nurses and
foragers. Although the newly-emerged worker hasstanted feeding yet, cells discharged
during the midgut wall reorganization are digestadit lumen (2). Zerbo (personal
information) found in the midgut of foragers of mpenines only a few grains of pollen
suggesting that they do not ingest this kind ofdfoBhis is in accordance with the present
observations, as it was observed that this clasphgtiologies and functions of these

individuals.
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FIGURE 4. Light micrographs of the midgut of nevdynerged queen dk.mellifera A.
Anterior regions showing the epithelial folds (gp)d the several layers of the peritrophic
membrane (mp). Note bubbles (arrow heads) liberdtiom the epithelial cells apices. B.
Median region showing the less compiscuous epahétilds (ep), the great amount of
bubbles apparently empty (arrow heads) and the @mas peritrophic membrane (am). C.
Posterior region without epithelial folds (ep) atesorganized peritrophic membrane (am).
Bar=50 mm.



FIGURE 5. Light micrographs of the newly emergedias (A,B,C,) and mature males
(D,E,F) of A.mellifera A. Anterior region showing the well structuredthplium (ep) and
peritrophic membrane (mp). Note the production mbghous material (arrow heads) by
the epithelial cells. B. Median region with betstructured epithelial folds (ep) and less
structured peritrophic membrane layers. Note gamnuhaterial (arrow heads) being
liberated by the epithelium. C. Posterior regidmowing bubbles formation in the
epithelium (ep) and less compiscuous folds. D.BEd#ie in the mature male the absence of
a structured peritrophic membrane and the slenpighedial cells (ep) showing picnotic



nuclei and in the median and posterior region tiggat lumen full of cellular residues (rc)
detached from the epithelium, some containing mslévi=muscles; am=amorphous

material. Bar=50 mm.

FIGURE 6. Light micrographs of newly emerged woskék,B,C), nurse workers (D, E,F)
and forager worker (G,H,I) oA.mellifera Note in the newly emerged workers the well

structured epithelial folds (ep) in the regionsesior (A) and median (B) and the less
structured in the posterior (C) where numerous laslarrows) are detaching from the



cells. The peritrophic membrane (mp) as well, sslstructured in this region. Note the
peritrophic membrane material being produced innd B (arrow heads). The midgut of
the nurse workers maintain the same pattern, tunién is full of pollen (p). In the forager
workers, the epithelium (ep) show signs of degdi@rathe peritrophic membrane is less
structured and few pollen grains (p) are presetthéenlumen (). In the median region the
epithelial cells apices are bulbous (arrows). agererative cells nests. Bar=50 mm.

TABLE 1A. Average protein content in extracts froime midgut (Mg) wall and peritrophic
(Pm) content in newly emerged queens (NEQ), newherged workers (NEW), nurse
workers (NW) and forager workers (FW) Apis melliferain [1g/Cl individual.

NEQ NEW NW FW
Mg 0.892 0.475 0.592 0.634
Pm 0.431 0.167 0.735 0.282

TABLE 1B. Average of protein content in the midgitg) of newly emerged (NEM) and
mature males (MM) ofApis melliferain Cg/[1.

NEM MM
Mg 0.475  0.892

TABLE 2A. Eletrophoretic pattern of the prtoeins thfe midgut wall and peritrophic
membrane content in newly emerged queens (NEQ)lyrawerged workers (NEW) nurse
workers (NW) and forager workers (FW) Apis mellifera MW=molecular weight.

Midgut Wall Peritrophic Membrane
MW NEQ NEW NW FW NEQ NEW NW FW
44,5 Q Q
43,5 Q
34,7 Q
31,7 Q Q
24 Q Q Q
15,4 Q Q Q Q
14,3 Q
10,5 Q Q Q Q Q Q




TABLE 2B. Electrophoretic pattern of the proteirfsttoee midgut of newly emerged males
(NEM) and mature males (MM) &pis mellifera MW=molecular weight.

MW NEM MM
116.6 Q
58 Q
33.3 Q
24 Q
18.4 Q
14.3 Q

TABLE 3. Intestinal transit of syrup and candy iewly emerged workers (NEW), nurse
worker (NW) forager workers (FW), newly emerged @salNEM) and mature males (MM)
of Apis mellifera Ingested food located in the anterior (a), mediaw), posterior (p),
anterior illeum [I(A)], illeum (1) and rectum [R(A)

Syrup Candy

NEW NW FW NEM MM NEW NW FW NEM MM
1h a m m - p m p m - I(A)
25h m p p - I m p(A) p - R(A)
4h p p I - I m p(A) I(A) - R(A)
55h p p I(A) - I m p(A) I(A) - R(A)
6h p I R(A) - I p R(A) R(A) - R(A)

TABLE 4. Intestinal transit of pollen in the newdmerged worker (NEW) nurse worker
(NW), for forager worker; newly emerged male andure male ofApis mellifera there
are no data a, m, p — respectively — anterior, arednd posterior regions of the midgut.

Pollen

NEW NW
2h m a
4h m m
6h p m
8h p m

10h p m
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