Differential haemolymph protein profile of bacterial-challenged western honey bee worker, Apis mellifera (Hymenoptera: Apidae)

AlaaEddeen M. Seufi1,2; Fatma H. Galal1,2; Faten F. Abuldahab3; Mohamed Said Abdallah3; Abdelwahab A. Ibrahim3
1. Department of Biology, College of Science, Aljouf University, Saudi Arabia

2. Department of Entomology, Faculty of Science, Cairo University, Egypt

3. Department of Zoology, Faculty of Science, Benha University, Egypt
Abstract: 

The present work aims to study the changes in protein profile of haemolymph of bacterial-challenged worker honey bee, Apis mellifera. To achieve this task, worker honey bees were challenged with the gram positive bacteria, Streptococcus sanguinis, and/or the gram negative bacteria, Klebsiella pneumoniae using micro-syringe. Haemolymph was collected at four hours interval for seventy two hours post-infection from both bacterial-challenged insects and control, as well. Total soluble protein of haemolymph was extracted and separated using native and SDS-PAGE at different intervals. Results of native and SDS-PAGE demonstrated differences in the haemolymph protein banding patterns of immunized honey bee workers as compared to control. Molecular weights of the separated proteins were calculated from SDS-PAGE. Bacterial challenge induced many proteins of different molecular weights (116-14 KD) as compared to control.
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Introduction:
The honeybee, A. mellifera L., is a social insect that lives in a colony comprising individuals with varying tasks (Winston, 1987). A large diversity of microorganisms are associated with honey bees (Olofsson & Vasquez, 2008; Gilliam, 1997) most of them are commensals, but some are pathogenic affecting  both adult bees and brood. Bees are constantly under threat due to the combination  of damage from the environment polluting agents, bacteria, parasites, viruses, pesticides and artificial bees food (Cox-Foster et al., 2007, Higes et al., 2008, Oldroyd, 2007, Stokstad, 2007). 

Like all insects (Bulet et al., 1999), honey bees lack a classical adaptive immune system. The honey bee as a social insect has developed mechanisms that efficiently protect both the individual and the whole colony against a great number of microbial pathogens (Gliński and Jarosz, 1994). (1) cooperative social behavior of individual group members to fight disease transmission within the colony (Cremer et al., 2007), (2) physical barriers such as the cuticle and epithelium of the gut and (3) cellular and humoral immune responses constituted of the innate immune system.

 Haemolymph Is responsible for the defense reactions against foreign agents that penetrate the haemocoel ( Tepass et al., 1994; Falleiros and Gregorio, 1995; Glinski and Jarosz, 1995; and Inoue et al., 2001). It has been observed in various insect species that bacteria injected into the hemocoel elicit the synthesis of a number of peptides and proteins which are active singly or in concert against invaders and secreted into the haemolymph (Gillepsi et al., 1997). Four different types of AMP were identified from Honey bees: apidaecins (Casteels et al., 1989), a baecin (Casteels et al., 1990), hymenoptaecin (Casteels et al., 1993) and defensin 1 (Casteels-Josson et al., 1994). Later on a gene coding for second defensin (i.e. defensin2) was detected by genome analysis (Klaudiny et al., 2005). 
The present work aims to study the changes in protein profile of haemolymph of bacterial-challenged with the gram positive bacteria, Streptococcus sanguinis, and/or the gram negative bacteria, Klebsiella pneumoniae worker honey bee, Apis mellifera.
Materials and methods:
Insects and bacterial strains

Adult worker bees were obtained from beekeepers in different natural environmental locations in Benha, Qaliubiya Governorate, Egypt. They were transferred to small cages until used for bacterial-challenged at laboratory of the Department of Entomology, Faculty of Science, Benha University. They were maintained under laboratory conditions (32˚҂20˚c), 70% RH and fed with a sugar water mixture (1/1) at libitum.
Gram (+) bacteria, Streptococcus sanguinis and gram (-) bacterial, Klebsiella pneumoniae were obtained from the Unit of Genetic Engineering and Agricultural Biotechnology, Faculty of Agriculture, Ain Shams University and used for insect immunization. Bacteria were grown in a peptone medium (1%), supplemented with 1% meat extract and 0.5% NaCl, at 37 °C in a rotary shaker. Bacterial challenge was performed by injecting Apis mellifera workers with diluted bacteria(concentration). Bacterial strains were used for immunization separately and in combinations.
Haemolymph Collection: 

Apis mellifera workers were kept in jars without food for 4 hrs then they classified into four groups . The first group was control (C) (normal worker without any injection). The second group was  bacterial challenge with  K. pneumoniae (Tk) (injected workers with gram - bacteria, K. pneumoniae). The third group was bacterial challenged with S. sanguinis (Ts) (injected workers with gram + bacteria, S. sanguinis). Finally, the fourth group was bacterial challenge by bacterial mix (Tm) (injected workers with both gram - bacteria, K. pneumoniae and gram + bacteria, S. sanguinis). Both control and bacterial-challenged workers were collected after 4, 8, 12, 16, 20, 24, 28, 32, 36, 40, 44, 48, 52, 56, 60, 64, 68 and 72 hrs post injection(h.p.i). At indicated times  The haemolymph of worker was collected via a leg wound with a glass capillary.Clear and slightly yellow hemolymph (approximately 2 - 4 μl / bee) was drawn out. Samples were centrifuged (10,000 x g for 10 min) and hemocytes were spun down. The clear supernatant was stored at 4°C. A bout 1 μl Phenyl Methyl Sulfonyl Fluoride (PMSF) were added to the collected sample to prevent protein degradation and stored at -80°C until it used. ice-cooled eppendorf tubes were coated with a few crystals of phenylthiourea to prevent melanization of the samples. 
Native Polyacrylamide Gel Electrophoresis (PAGE): 

Native-PAGE of both control and each bacterial-challenged )  worker bees at 4, 8, 12, 16, 20, 24, 28, 32, 36, 40, 44, 48, 52, 56, 60, 64, 68 and 72 h.p.i. was carried out in the different haemolymph samples. It was carried out using 15% polyacrylamide gels pH 4, using a discontinuous buffer system according to Gabriel, 1971. The acrylamide/ bisacrylamide ratio was 60: 0.8. The gels were run at 200 V until the tracker dye (Bromphenol blue) was running off the gel (approximately 2.5 h).

SDS Polyacrylamide Gel Electrophoresis (PAGE): 
Sodium dodecylsulfate (SDS-PAGE) of control and each bacterial-challenged )  worker bees at 4, 8, 12, 16, 20, 24, 28, 32, 36, 40, 44, 48, 52, 56, 60, 64, 68 and 72 h.p.i. was carried out. SDS-PAGE of denatured proteins was carried out using 15% polyacrylamide gels pH 8.8, in a discontinuous buffer (Maizel and Jr, 1971). The acrylamide/ bisacrylamide ratio was 50: 1. The gels contained no SDS before electrophoresis. The protein samples were pretreated with 1% SDS and 1% β-mercaptoethanol for 5-10 min. at 100 °C. The gels were run at 150 V until the tracker dye (bromphenol blue) was leaving the gel (approximately 2 h.). All gels were fixed in 20% 5 sulfosalicylic acid, stained with Coomassie Brilliant Blue R250 and destained in 7% acetic acid.
Results: 
Apis mellifera workers of were challenged bacteria   (K. pneumonia, S. sanguinis and mixed injection of both bacteria). Qualitative (native and SDS-PAGE) protein analyses were investigated in both control and bacterially challenged bee workers.
The results of native-PAGE demonstrated differences in the overall protein banding pattern in the bacterial challenged bee worker when compared with control. The results of the SDS-PAGE clarified that the molecular weight of the separated proteins ranged from 140 to 14 KDa and bacterial injection induced different proteins as compared to control. 
Table 1: Total number of bands separated by Native PAGE of the bacterial-challenged bee workers of Apis mellifera at different times post bacterial injection.
	h. p.i.
	Total number of bands 



	
	C
	Ts
	Tk
	Tm

	4
	13
	15
	17
	14

	8
	12
	14
	15
	15

	12
	9
	13
	13
	13

	16
	9
	12
	14
	13

	20
	10
	13
	14
	12

	24
	9
	12
	10
	12

	28
	9
	12
	11
	11

	32
	10
	12
	12
	13

	36
	10
	12
	12
	12

	40
	13
	13
	13
	15

	44
	12
	14
	14
	15

	48
	13
	16
	17
	14

	52
	9
	12
	11
	11

	56
	11
	12
	12
	12

	60
	11
	15
	14
	13

	64
	12
	14
	14
	14

	68
	18
	20
	20
	20

	72
	15
	18
	19
	18


Table 2: Total number of bands separated by SDS- PAGE of the bacterial-challenged bee workers of Apis mellifera at different times post bacterial injection.

	h. p.i.
	Total number of bands 



	
	C
	Ts
	Tk
	Tm

	4
	18
	20
	22
	19

	8
	15
	17
	18
	18

	12
	9
	13
	13
	13

	16
	12
	15
	17
	16

	20
	20
	25
	24
	19

	24
	20
	24
	22
	24

	28
	19
	23
	21
	21

	32
	11
	13
	13
	14

	36
	12
	14
	13
	13

	40
	13
	13
	13
	15

	44
	14
	16
	16
	17

	48
	15
	18
	19
	16

	52
	13
	16
	15
	15

	56
	15
	16
	16
	16

	60
	11
	16
	15
	16

	64
	12
	14
	14
	14

	68
	20
	22
	22
	22

	72
	19
	22
	23
	22
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Fig. (1): Electrophoretic native gel (15%) of Haemolymph of bee workers of Apis mellifera of different studied groups at 4,8,12, 16,20 and24 h.p.i. Lane C: normal bee workers , Ts: injected bee workers with gram + bacteria, S. sanguinis lane Tk: injected bee workers with gram - bacteria, K. pneumonia, lane and lane Tm: injected bee workers with both gram - bacteria, K. pneumoniae and gram + bacteria, S. sanguinis.
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Fig. (2): Electrophoretic native gel (15%) of Haemolymph of bee workers of Apis mellifera of different studied groups at 28,32,36, 40,44 and48 h.p.i. Lane C: normal bee workers , Ts: injected bee workers with gram + bacteria, S. sanguinis lane Tk: injected bee workers with gram - bacteria, K. pneumonia, lane and lane Tm: injected bee workers with both gram - bacteria, K. pneumoniae and gram + bacteria, S. sanguinis.
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Fig. (4): Electrophoretic native gel (15%) of Haemolymph of bee workers of Apis mellifera of different studied groups at52,56 60,64,68 and72 h.p.i. Lane C: normal bee workers , Ts: injected bee workers with gram + bacteria, S. sanguinis lane Tk: injected bee workers with gram - bacteria, K. pneumonia, lane and lane Tm: injected bee workers with both gram - bacteria, K. pneumoniae and gram + bacteria, S. sanguinis.
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Fig. (5): Changes in haemolymph protein banding patterns of bee workers of Apis mellifera of different studied groups using SDS-PAGE (15%) at 4, 8, 12, 16, 20 and24 h.p.i. Lane M: protein marker, lane C: normal bee workers without any injection, lane Ts: injected bee workers with gram + bacteria, S. sanguinis, lane Tk: injected bee workers with gram - bacteria, K. pneumonia, and lane Tm: infected bee workers with both gram - bacteria, K. pneumoniae and gram + bacteria, S. sanguinis.
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Fig. (6): Changes in haemolymph protein banding patterns of bee workers of Apis mellifera of different studied groups using SDS-PAGE (15%) at 28, 32, 36, 40, 44 and48 h.p.i. Lane M: protein marker, lane C: normal bee workers without any injection, lane Ts: injected bee workers with gram + bacteria, S. sanguinis, lane Tk: injected bee workers with gram - bacteria, K. pneumonia, and lane Tm: infected bee workers with both gram - bacteria, K. pneumoniae and gram + bacteria, S. sanguinis.
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Fig. (7): Changes in haemolymph protein banding patterns of bee workers of Apis mellifera of different studied groups using SDS-PAGE (15%) at 52, 56, 60, 64, 68 and72 h.p.i. Lane M: protein marker, lane C: normal bee workers without any injection, lane Ts: injected bee workers with gram + bacteria, S. sanguinis, lane Tk: injected bee workers with gram - bacteria, K. pneumonia, and lane Tm: infected bee workers with both gram - bacteria, K. pneumoniae and gram + bacteria, S. sanguinis.

DISCUSSION:
Increased drug resistance by pathogenic bacteria has created an urgent demand for new antibiotics. Insects are among the more promising sources of novel antibiotics (Otvos L, 2000) and (Sajjan US, Tran LT, Sole N, Rovaldi C, 2001) and honey bees likely offer a rich source because of their sociality.The main objective of the current work is to study the changes in protein profile of bacterial-challenged bee workers Apis mellifera.

Polyacrylamide gel electrophoresis (PAGE) has been extensively used as an excellent tool for the separation of proteins from all living organisms (Zacharius et al 1969). The vast majority of recent studies on insect proteins have used electrophoretic techniques. Polyacrylamide gel, with the advantages of high sensitivity and resolving power, is generally the most efficient medium (Wyatt and Pan, 1978).

Results obtained from the native-PAGE of haemolymph of bacterial-challenged bee workers at different time intervals demonstrated that there were changes in the bulk protein content of the bacterial-challenged bee workers as compared to control. Similarly, SDS-PAGE results showed characteristic protein bands appeared in S. sanguinis, K. pneumoniae and mix-challenged bee workers with relatively low and high molecular weights at different times postinjection. Thus, the bacterial injection was capable of changing the profile of haemolymph proteins qualitatively. The appearance of different bands in treated bee workers may be attributed to the induction of new proteins in the immune reactions. 
The synthesis of new immune proteins may be a result of simultaneous induction of challenged-bacteria (Rasmuson and Boman, 1979) and a fast rate of transcription (Sun, 1992).The differential expression of major haemolymph proteins in challenged bacterial bee worker resembles the observed developmental-specific protein expression in the haemolymph of worker bees (Chan et al., 2006; Chan and Foster, 2008; Randolt et al., 2008),
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