ALKALINE PHOSPHATASE IN DEVELOPMENTAL STAGES OF Apis mellifera
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ABSTRACT

Apis mellifera workers were collected from 48 h egg (1st stage) to emerging adult (10th stage).  The interval of each stage was 48 h.  The sample was marked with painting color to determine the age.  By histochemical study, the activity of AP is mostly active in integument tissue especially in cuticle because of molting.  Furthermore, AP is active in epithelial cells, fatty body cell, muscle cells, etc.  It is also very high in gut, alimentary, and muscle.  In addition, it is also found in plasma membrane and as free AP in cell.  Partial DNA sequence of AP (428 bp) was obtained by an amplification of genomic DNA with specific primers.  The AP1 and AP2 primers are designed from conserved regions of amino acid sequences of AP from other organisms in databank.  The sequence shows 39.7% homology to AP in Bombyx mori and 39.2% homology to Aph-4 gene in Dorsophila melanogaster.  The activity profile of AP from various stages of development as mentioned above was assayed by hydrolysis of para-nitrophenol phosphate as substrate at 405 nm.  The highest specific activity was from the larva stage at 144 h.  The fluctuated level of AP activity may involve in developmental processes. 
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INTRODUCTION

Alkaline phosphatase (AP) is an orthophosphoric-monoester phosphohydrolase and a metalloenzyme.  It contains divalent metal ions such as 

Mg 2+, Zn 2+, and other effective catalysts and cofactors.  It can hydrolyse phosphate ester bond of primary, secondary, cyclic aliphatic alcohols, phenol, and amines (Voet and Voet, 1995).  The hydrolysis rate and substrate affinity depend on the interrelation of the purity and concentration of AP.  AP is always found in most species of bacteria to mammals.  It is mostly located in periplasmic space of cell membrane in bacteria but in glycoprotein in membrane or in lysosome of eucaryotic cells (McComb et al., 1979).  Four isozymes are reported in human.  They are in placental, intestinal, placental-like germ cell, and non-specific form at liver, bone, or kidney.  AP in Dorsophila plays roles in forming cuticle and transporting energy to cells (Schneiderman et al., 1966).  The AP activity is reported to be developmentally regulated.  For example, the highest specific activity is found in young larva of Musca domestica.  The activity is also reported to be tissue specific since it is found in only the brain of Dorsophila melanogaster and Periplaneta americana (Yang et al., 2000 and Verhaert et al., 1990), only in epithelial cells of Schistocera americana  (Chang et al., 1993) and midgut of Bombyx mori  (Itoh et al., 1991).  

In D. melanogaster, gene expression of four isoforms, AP, Aph-1, Aph-2, Aph-3, and recently found Aph-4, was discovered.  The genomic DNA of Aph-4 is also completely sequenced.  The length of 1,952 bp of cDNA contains a long open reading frame of 578 amino acids.  That contains the highly conserved amino acid of AP.  The level of Aph-4 mRNA is the highest in larval and adult stages.  From the sequence data, it shows that Aph-4 is the most closely related to tissue non-specific AP in vertebrates.  The only other insect AP sequence available from B. mori is 47% identical in similarity (Yang et al., 2000).

Bowen and Bowen (1990) and Gregorc et al. (1998) reported that acid phosphatase (AC) was detectable in cell death in honeybee larva and some tissue indicates the specificity of AP.  Then, the study of AP in honeybee may provide more data in development, especially developmental defects.  The research will be provided into 3 parts, enzyme localization, homology of partial DNA sequence of AP, and some enzyme properties.

MATERIALS AND METHODS

Sample collection

Three healthy colonies of honeybee, Apis mellifera Linneaus, 1758 taken from Chantaburi were maintained at Chulalongkorn University and fed with pollen and nectar everyday for sample collection.  Before sampling, an empty comb was added to a colony.  A queen from each colony will lay egg in provided empty cells.  Then, the cells would be painted with painting color to indicate the period of age.  The interval of sampling is 48 h and the sampling starts from 0-434 h.
Enzyme localization

The method was followed according to Chang et al. (1993).

DNA sequence

Primer design

Primers of AP were designed from conserved regions in Drosophila melanogaster (Yang et al., 2000) and searched data of amino acid sequences in GenBank.  Amino acid sequences of VDPSSCTATA and VEGGRID were choosen.  The characterization of both primers was checked by Oligo program that used for designing primers. 

Genomic DNA Extraction, PCR amplification, and DNA sequencing

Total DNA was extracted from thorax (30 mg) of honeybee.  Genomic DNA was amplified with AP1 (5’ GTGCCGGATTCGGCGGGCACTGCCACT 3’) and AP2  (5’ GTCAATGCGACCTCCTTCCAC 3’) primers at 94oC for 2.5 min for 1 cycle, 35 cycles of 94oC for 30 sec, 57oC for 30 sec, and 72oC for 3 min.  Then, the genomic DNA was amplified with the last extension of 72oC for 10 min.  

Sequence analysis

PCR product was purified.  The optimum molar ratio between insert and vector is 2:1.  Plasmid prep of white colony and restriction enzyme digestion was done.  Then, the interesting clones were sequenced automatically.  The nucleotide sequences of AP from A. mellifera were aligned with the nucleotide sequences of AP from other organisms obtained from database of GenBank and EMBL.  The nucleotide  sequences were converted into amino acid sequences by the Protein Machine of EMBL database.  Both of nucleotide and amino acid sequences were aligned with Clastalw program from EMBL database and MultiAlign program from INRA database in order to calculate the percentage similarity of AP.

Enzyme assay

Preparation crude extraction of alkaline phosphatase

The ratio for crude extraction was 0.1 g sample/1,000 (l ddH2O.  The sample was cut and spun at 4oC, 3,000 rpm, 10 min for 3 times.  Then, the supernatant was transferred and kept at –20oC.

Characterization of alkaline phosphatase in crude extraction

Para-nitrophenol phosphate (pNPP) was used as a substrate of hydrolysis.  One mg of pNPP was mixed with 1 ml of 0.1 M Diethanolamine containing 0.5 mM MgCl2 at pH 10.5.  The specific activity was spectrophotometrically assayed at 405 nm.

RESULTS 

Enzyme localization - The AP activity is found in the following positions. 
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Figure 1.

the 1st egg stage (light microscope, objective lens X4)

a – cleavage cells; b – vitelline membrane and chorion; c  - blastoderm; 

d – yolk cell
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Figure 2.  

the 2nd larva stage ( light microscope, objective lens X10)

m – peritrophic membrane of gut; n – free AP in gut
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Figure 3.

the 2nd larva stage (light microscope, objective lens X10)
g – cuticle at anus; h – limb bud of larva
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Figure 4.

the 3rd larva stage (light microscope, objective lens X40)
g – cuticle at anus; l – epithelial cell of gut; m – perithropic membrane of gut; n – free AP in gut; q – free granule in epithelium cell in gut
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Figure 5.

the 4th larva stage (light microscope, objective lens X40)
B – cell membrane; e – old cuticle; N – integument; p – epidermis;

y – free AP in cell; * - nucleus
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Figure 6.

the 4th larva stage (light microscope, objective lens X4)
N – integument; Tc - tracheae
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Figure 7.

the 5th larva stage (light microscope, objective lens X4)
e- old cuticle; j – fat body cell; 0 – new cuticle; p – epidermis; x – basement membrane
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Figure 8.

the 7th larva stage ( light microscope, objective lens X4)
L – legs; N- integument; 8 – muscle cells
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Figure 9.

the 9th pupa stage (light microscope, objective lens X10)

L – legs; N – integument; V – epithelial cell, 8 – muscle cells

5’ GTG CCG GAT TCG GCG GGC ACT GCC ACT CTC30 

GGA TGA AAA GGC GCG CAC ATA TCG GGA AAG 

GCG CGA TCG TGG CTC AAA GAT TAC GAA TTA 90

     GAG GCG GTG AAA ATA ATG GTC GAC GAT CCA 

ACG ATT TAT CGA CGA TCG AAT AAG ATT TAT 150

CGC GAA TTC TTG CCG CGT TCC AGT TTT TCC 

TTT AAT ATT CCG TGT GCT CGC GGT GTT GGA210

TAA GGG ATT GAG GGT GGG ATG GAG GGG AGA 

GGG GTC GCG AGT AAA CTG ACA ACC GAC AGG270 

ATA TAT AAA TAA ATT CGA CAT CGC GTT GAA 

TCC TTT GGT CAC GAA TGA CGT ATG CAC CGG 330

AAT GTT TCG AAA TCT TCT TTC TTT TTT TCT 

TTT TTT CTT TTT TCC GAG CGA AAA GTT TCA 390 

ATT CGC TGC AAC GTC GAG TGG AAG GAG GTC 

GCA TTG AC  3’

Figure 11.  The AP sequence at 428 bp was obtained.
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Figure 12.  A phylogenetic tree of non-specific AP in A. mellifera, D. melanogaster, B. mori, G. gallus, H. sapiens, and Bovine.
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Figure 13.  Due to the hydrolysis of AP and pNPP, the peak of AP (approximately 1.50E-04 u/mg) was indicated at the larva of 144 h.  The second peak (approximately 1.00E-04 u/mg) was also shown at the sample of 480 h.  During larva stage, differentiation and morphogenesis start to be in progress. AP may play an important role in the development.  In contrast to adult stage of 480 h, the high activity of AP may involve in aging or programmed cell death.

DISCUSSION

The AP activity was found at the position of cleavage cells and at membrane.  It might indicate that AP starts to be localized at the developing position.  AP activity was mostly localized at integument; epidermis, old cuticle, and new cuticle at all stages.  AP activity in larva tissue was formed as free AP in epithelial cell, in fatty body cell, and free cell in hoemocoel.  The activity is high at the 2nd or 3rd stages than in other larval stages due to the process of differentiation.  

Due to homology of partial nucleotide sequence (429 bp) of AP, it is similar to Drosophila melanogaster at 39.2 %, to Bombyx mori at 39.7 %, to non-specific AP of  Gallus gallus at 36.6 %, to non-specific AP of Bovine at 36.9 %, and non-specific AP of Homo sapiens at 36.7 %.  The obtained phylogenetic tree is similar to non-specific AP in several organisms that showed in Yang et al. (2000).  In the future, the full length of AP of A. mellifera should be obtained.

The specific activity of AP is developmentally regulated.  According to enzyme assay, the activity is very low in egg and pupa.  In contrast, the activity is very high in larva (1.5 (10-4 u/mg) and in adult of 480 h (1.00 (10-4 u/mg).  It may be possible that AP can play two contradict roles in development, differentiation in larva and apoptosis in adult.  
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