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Abstract
Insects protect themselves from pathogenic and parasitic attacks. During infections in bumble bees the host develops different immune reactions. The most obvious of theses processes is phagocytosis. Bombus terrestris workers used in the studies were reared under laboratory conditions (290C, 85%RH) and fed with a mixture of honey and pollen (1:1). Phagocytosis was studied by adding 5x103 live cells of Sarcina lutea into native or immune haemolymph, incubated at 280C for 30 min. and then freshly prepared hemocyte monolayer after staining (Manson`s stain) was observed under a light microscope. By counting at least 100 cells per sample phagocytic index and percentage of phagocytically active cells was determined. The immune response was induced in the bumble bees by injecting a suspension of live cells of Escherichia coli D31 into haemocoel at a dose of 15x103/2.5 μl of insect physiological salt saline. Two hemocyte types were active in phagocytosis: plasmatocytes and rounded granulocytes. Bacterial induction increased both the value of phagocytic index (Tab. 1) and the percentage of cells active in phagocytosis. Statistically significant increase of haemocytes active in bacterial engulfing was noted from 24 to 120 h after bacterial induction (α <0.01)
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INTRODUCTION

It is apparent that with the application of modern biochemical and molecular techniques, progresses our knowledge on immune responses in vertebrates and in invertebrates. Moreover, as knowledge has occurred how insects deal with invading microorganisms and parasites, attention is beginning to focus on more applied aspects of the immune responses in insects (8). 

Insect immunity is a complex of several distinct systems, both cellular and humoral, depending on the organization level of a particular order, that operate in a more or less coordinated way to provide protection from invaded microorganisms.  The immunological potential of insects is formed by  imunocytes , soluble  natural and inducible substances active in immunity, and allogenic immunity (allogenic grafts rejection and immunologic allogenic memory and specificity) (9, 11). The mechanisms of immunity are essentially concerned with the ability of an insect organism to recognize and dispose self from non-self.  The protective immunity of an insect is attributable to the presence of anatomical and physiological barriers of the cuticle and midgut, and to the mechanisms of internal defense, both innate and inducible (acquired) in nature.

In general, insect defence mechanisms can be classified into two broad categories: haemocytic (cellular) immunity which involves a variety of activities of haemocytes designed to destroy foreign bodies and cell-free (humoral) immunity that involves several factors normally present in naive (non-immune) haemolymph or synthesized “de novo” in response to infection or injury (3). The competence of cellular immunity depends on the ability of the hemocytes to recognize self and nonself components in an insect body and on active ingesting and destroying foreign substances. 

Phagocytosis, an important cell-mediated mechanism for clearance of foreign bodies from the haemolymph of all orders of Insecta (2), is a primary defence reaction below a certain threshold level of bacterial cells that varies between different insect species. This mechanism of defense is made up of several stages:  chemotactic attraction, recognition of foreigners , attachment, ingestion and digestion or disposal. In a final stage of the phagocytic process the engulfed microorganisms are digested in phagolysosome that is formed  by junction of lysosome with phagosome. Lysosome,  small intracellular organelle occurring in the cytoplasm of most cells, containing various hydrolytic enzymes, is involved in the process of localized intracellular digestion. After junction phagosome with lysosome, phagolysosome plays a major role  in intracellular killing of microorganisms, destruction of foreign or damaged tissues. In some instances, the captured bacteria, however, may  multiply within the phagolysosome and even kill the phagocytic cells.  Bacterial progeny liberated from damaged haemocytes could multiply in insect blood, causing fatal septicaemia. 

The hemolymph of the  bumble bee (Hymenoptera, Apidae) contains  at least 7 types of haemocytes as morphologically distinct  cells. In insects Granular hemocytes(GR) and Plasmatocytes (PL) are the most active immunocytes in phagocytosis (10). 

Because phagocytosis forms  the first line of defense in the insect body cavity the intensity of this process was investigated  in the naïve and bacteria - induced workers of the bumble bee, Bombus terrestris. Moreover, the differential GR and PL counts were included into studies.
MATERIALS AND METHODS

Insects. Bombus terrestris workers at the age of 2-3 weeks used in the studies were reared in cages at 290C, 85%RH  in darkness. The insects were fed with a mixture of honey and pollen (1:1). Before the experiment the examined bumble bees were adopted to the laboratory conditions for 24 h.

Induction of the immune response. The worker bumble bees were injected intra hemocoel with 15x103 viable cells of Escherichia coli D31  from 18 h broth culture (37oC) in 2.5 μL of saline W. The immunized insects were reared in cages at 290C, 85%RH  in darkness.

Suspension of hemocytes. For bleeding, the intersegmental membranes of the III and IV abdominal segment of the bumble bee (non-induced- control; induced) were pierced and 5 μL of the outflowing hemolymph was collected into the Eppendorf tube on the ice-bath. The bulk sample contained hemolymph  from 10 insects. Then the sample was  centrifuged (200 x g, 10 min, 60C), the supernatant was withdrawed and the pellet redispensed  in an insect physiological salt saline to the original volume.

Phagocytosis experiment.  To 10 μL of the hemocyte suspension 10 μL of washed suspension of cells of  Sarcina lutea from 18 h broth culture ( 5x103 cells) was added. The reactive mixture shaken every 10 min, was  incubated at 28oC for 30 min. From each bulk sample hemocyte monolayres were prepared on microscopic slides. The number of phagocytic cells ( Wright`s number) and the number of engulfed bacteria by one phagocyte (phagocytic index) were measured after staining of smears with the Manson`s stain by counting 100 hemocytes. The results were checked under the light microscope at magnification of 1200x.

The  phagocytic index and Wright` s number were monitored in non-induced (time 0) and induced insects at  24 h intervals up to 120 hr after bacteria induction. Student`s t statistics were employed to test for significant differences between immunized and non-immunized insects and between values for individual time of determination. 

The differential GR and PL counts were determined  according to Gilliam and Shimanuki (7) in the own modification.
RESULTS

Both in naïve and bacteria induced bumble bees two types of hemocytes: plasmatocytes and granular hemocytes were active in phagocytosis. The percent of these two types of hemocytes increased significantly after 24 hr since bacterial induction and persisted on a high level up to 96 hr of the experiment (Fig. 1). Significantly increased  the mean values of phagocytic index in the bumble bees after immunization at 72 and 96 h post induction (Fig. 2). The value of the  Wright`s  number increased significantly after 24-96 h post induction (Fig. 3). 
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Fig. 1. Percent of granular hemocytes (GR) and plasmatocytes (PL) in hemolymph of the worker bumble bee, Bombus terrestris, after bacterial induction (live cell of Escherichia coli D31)

[image: image2.wmf]0

0,2

0,4

0,6

0,8

1

1,2

1,4

1,6

0

24

48

72

96

120

h

%


Fig.2. The mean value of phagocytic index (a ± SD) in hemolymph of naive and immunized woreker bumble bee, Bombus terrestris


[image: image3.wmf]0

1

2

3

4

5

6

7

8

9

0

24

48

72

96

120

%

h


Fig. 3. Percent of hemocytes of Bombus terrestris active in phagocytosis after bacterial induction (live cells of Escherichia coli D31)
DISCUSSION

In the body cavity  of holometabolous insects the first line of defense against microorganisms include cellular defense reactions such as phagocytosis, nodulation, and encapsulation, as well as proteolytic cascades including most notably, the prophenoloxidase cascade and the coagulation cascade.  A second line of defense against microbial invaders is the increased synthesis of blood lysozyme and the “de novo” synthesis of specific antibacterial peptides and polypeptides such as apidaecins, hymenoptaecins in  the Apoidea (12).

In the bumble bee, granular haemocytes and plasmatocytes are extremely efficient in removing foreign particles, such as bacteria from the haemocoel by phagocytosis. Not only their  engulfing activity and number of cell engaged in phagocytosis increases after bacterial stimulation, buto also increases their number. Haemocytes are found to be of prime importance in elimination of viable bacteria invading haemocoel. For the reduction of cell number and inhibition of bacterial growth in the haemolymph, humoral factors are also involved.  Infected bees (5, 6) and bumble bees (12) increase their concentration of haemolymph lysozyme and start to synthesize and secrete apidaecins, abaecin and hymenoptaecins - the humoral antibacterial substances responsible for a drastic reduction in the amount of viable bacterial cells in haemolymph  

In the bumble bee when challenged by live bacteria phagocytosis strongly increased. This increase coincides with the highest activity of the  lysozyme type in blood and with the appearance in hemolymph of apidaecins (12). Therefore,  the more efficient phagocytosis in the immunized bumble bee, might increase as a result of opsonizing action of the induced immune proteins in insects injected into haemocoel with live cells of E. coli or with an increased production and secretion of lectins. In general, however,  no requirement for opsonization of foreign bodies prior to phagocytosis is noted in insects. This type of non-immunologic phagocytosis dominates in all invertebrate phyla, including insects (1). Haemocytes, in the absence of opsonins, are still capable of phagocytosis and encapsulation, indicating the presence of integral or cytophilic membrane receptors for recognition of non-self (13.). Opsonizing activity, however, is associated with lectins  in immunological phagocytosis. Also, the role of other factors, such as products generated during activation of the prophenoloxidase cascade or recruitment factors, and the immune proteins, mainly apidaecinsis, is suggested in insects in immunological phagocytosis (4). Since all three types of molecules may be produced or stored in the induced bumble bee, the interactive nature of these factors seems to be highly probable in phagocytosis.
CONCLUSIONS

1. Bacterial infection induced  in the worker bumble bee, Bombus terrestris hemocytic immune response. 

2. In the bumble bees bacterial immunization increased significantly  the percent of granular hemocytes and plasmatocytes active in phagocytosis and the value of phagocytic index and the Wright` number.
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