ALPHA-GLUCOSIDASE GENE IN Apis cerana: cDNA SEQUENCES AND ENZYME ACTIVITY
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ABSTRACT

Alpha-glucosidase ((-G) in Apis mellifera is reported to be highly synthesized in the hypopharyngeal glands (HPGs) of forager bees.  The change in size and the secreting products of the glands depend on the age of the honeybee.  HPGs of A. cerana were dissected from heads of nurse bees (5-15 day old) and worker bees (18   day old up).  Acini were visible by unaided eyes and measured by Scanning Electron Microscope (SEM).  The width average of acini is 97.21 (m in nurse bee and 61.20 (m in forager bee.  Worker bees were collected from many parts of Thailand.  Total RNA was extracted from HPGs (20 glands/reaction).  Two ribosomal RNA bands (18s and 26s) are visible on 0.8% agarose gel electrophoresis.  Partial nucleotide sequences of (-G were revealed by Reverse-Transcriptase Polymerase Chain Reaction (RT-PCR) and direct DNA sequencing.  The sequence shows 97% identity to A. mellifera cDNA of (-G.  The optimum pH of 

(-G is 5.0 while the optimum temperature of the enzyme is 45oC.  Also, the optimum substrate concentration is 0.05 mM sucrose.  The activity of (-G in HPGs of nurse bees and forager bees of A. cerana will be assayed and compared.
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INTRODUCTION

In honeybees, the change of responsibilities in a hive depends on the age.  Nurse bees (younger than 15 day old) will take care of feeding brood while foragers (older than 18 days) will go out of the hive to look for food.  Ohashi et al.  (1997) reported that the HPG gland in honeybees contained different major proteins coinciding with the age.  From the nursing period to the foraging period, the major protein changes from bee-milk protein to be (-G.  Northern analysis showed that the genes coding for mRNA of bee-milk proteins are expressed in the nurse bees while the gene coding for (-G is expressed in the foragers only.  The result was confirmed by in situ hybridization analysis.  The expressions of the previous genes do not coincide with the size of the HPG gland because the size of the gland is much bigger in the nurse bees and getting smaller in the forager.  In addition, Ohashi et al. (1996) could purify 3 major proteins from a homogenate of the nurse bee HPG gland and showed that they were bee milk proteins synthesized selectively in the gland.  Also, they could purify a major 70-kDa protein synthesized selectively in the gland of the forager bee and identify it as an (-G.  The result coincides with the immunoblotting analysis and immunofluorescence study mentioned in Kubo et al. (1996).  Two kinds of 

(-G (I and II) were isolated from A. mellifera by salting-out chromotography with ammonium sulfate.  Both enzymes were glycoproteins whose carbohydrate moieties were about 25% and 15%, respectively (Takewaki et al., 1980).  Honeybee (-G I was inactivated with diethylpyrocarbonate (DEPC).  The rate of the loss of activity was decreased by the addition of a substrate, maltose.  The activity of the inactivated enzyme was restored by hydroxylamine.  Kimura et al. (1992) indicated that (-G I has a single active site.  Furthermore, Takewaki et al. (1993) reported that (-G II is a monomeric protein.  The enzyme can hydrolyze phenyl (-glucoside and p-nitrophenyl (-glucoside more rapidly than maltooligosaccharides.  The substrate specificity of (-G II is different from that of (-G I.  Later, (-G III, which was different in substrate specificity from (-G I and II, was purified by salting-out chromatography, DEAE-cellulose, DEAE-sepharose CL-6B, Bio-Gel P-150, and CM-Toyopearl 650M column chromatographies (Nishimoto et al., 2001).  The enzyme did not show unusual kinetics, such as the allosteric behaviors observed in (-G I and II. 

MATERIALS AND METHODS

Sample collection for RNA isolation


In A. cerana, nurse bees (5 days) and forager bees (29 days) were collected from various parts of Thailand and stored at –20oC.  Nurse bees and foragers were classified or indicated by the duties in a hive.

RNA isolation

Total RNA was isolated from hypopharyngeal glands dissected from nurse bees’ and foragers’ brains under a stereomicroscope.  Fresh tissue samples were transferred into a nuclease free cryotube and weighed immediately.  The following method was described in a protocol of SV total RNA isolation system of Promega (catalog number Z3100).  

Primer design for PCR reaction

(-G from various organisms were obtained from the database of National Center for Biotechnology Information (http://www.ncbi.nlm.nih.gov/PubMed/) and Ohashi et al. (1996).  The 5’ primer is 5’-TCG ACT TCT AGT TGG TAG CAT GAA GG-3’ and the 3’ primer is 5’-CCT TTC TCA TGT GCA GCA CTG ACT AG-3’.  The synthetic oligonucleotides were obtained from Bioservice Unit of National Science and Technology Development Agency (NSTDA).

Reverse Transcriptase-PCR (RT-PCR)

The amount of 103-106 copies of a specific target template or 1 pg-1 (g total RNA was used as a starting material.  The following method was described in a protocol of Access RT-PCR System and Access RT-PCR Introductory System of Promega (catalog number A1260).  The RT-PCR product was purified by following the protocol of Qiaquick PCR purification kit (Qiagen, catalog number 28104).  Then, the purified RT-PCR product was automatically sequenced by using an ABI Biosystems 373 DNA sequencer.

Construction of a phylogenetic tree of (-G


The partial sequence of 350 bp of (-G in A. cerana was obtained from the experiment mentioned before.  The sequence of (-G in A. mellifera was obtained from Ohashi et al. (1996).  The sequences of (-G from other organisms were obtained from a homepage of www.ebi.ac.uk (European Bioinformatics Institute, EMBL).  The homology of (-G was obtained from Clastalw at EMBL database.

Sample collection for enzyme assay


Three healthy colonies of honeybee, A. cerana,,were maintained for sampling in Nonthaburi.   Before a sample collection, an empty comb was added into each colony.  All colonies were fed with pollen and nectar everyday.  In an empty comb provided for a queen to lay eggs, cells were marked with painting color.  Samples at required age were selected and stored in dry ice.

Extraction of  (-G and enzyme assay


(-G from hypophryngeal glands of nurse bees and forager bees were extracted according to Kubo et al. (1996).  Then, the activity of (-G was assayed by Momose’s method.  

The optimum pH was obtained by incubating 10 (l of crude extract with 20 (l 

of 10 mM Britton-Rodinson buffer containing 0.1 M Sucrose (with various pH of 3-7.5).  The reaction was incubated at 30oC for 10 min.  Later, it was boiled for 3 min.  Fifty (l of alkaline solution and 50 (l of 0.3% (w/v) 3, 6-dinitrophthalic acid were added.  The reaction was at 100 oC for 10 min and diluted to be 1 ml.  Later, the sample was measured spectrometrically at 450 nm.

The optimum temperature was performed by the same condition as (A).  Crude 

extract was mixed with 10 mM sodium acetate buffer at pH 5.0.  The temperature of incubation was varied from 20-80 oC.

 (C) The optimum concentration of substrate was performed by the same condition as (C) but incubated at 45 oC.  

RESULTS

(-G is reported to involve in hydrolysis of sugar in nectar to be honey.  Also, HPG glands are reported to be a source of this gene in A. mellifera.  The pattern of (-G expression depends on the age of A. mellifera.  Then, the HPG glands of nurse bees and foragers of A. cerana were cut out off the brains and used to extract total RNA.  The size of the glands from nurse bees is much bigger than those from foragers.  The picture of the HPG glands of A. cerana is shown in figure 1 and 2.  The gland is composed of a lot of acini.  
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Figure 1.  The HPG gland of A. cerana nurse bees, 4X magnification (1A) and 40X magnification (1B).   
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Figure 2.  Size of acini from HPG glands of nurse bees (2A) and foragers (2B) of A. cerana by SEM.

RT-PCR amplification by (-G in A. cerana

Five hundred ng of total RNA were used for one reaction.  The reaction was prepared as described in Materials and Methods.  The condition of RT-PCR reaction starts with 1 cycle of 48oC for 45 min and 2 cycles of 94oC for 2 min each.  Then, the reaction was followed by 20 cycles of 94oC for 30 sec, 50oC for 30 sec, and 72oC for 45 sec.  The last extension is at 68oC for 7 min.  After electrophoresis at 80 V for 30 min, the result is in figure 3.  Lane M contains 100 bp DNA ladder as a marker while lane 2 and 3 contain the RT-PCR product of 350 bp.
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Figure 3.  Partial RT-PCR product (350 bp) of A. cerana amplified by (-G.

Sequence of RT-PCR product by (-G in A. cerana

The partial sequence of (-G in A. cerana at 350 bp is shown below: 
GTAATCGTAT TTTGCCTTAT GGCATTGTCC ATTGTGGACG CAGCATGGAA GCCGCTCCCT GAAAACTTGA AGGAGGACTT GATCGTGTAT CAGGTCTACC CAAGAAGCTT CAAGGATAGC AATGGAGATG GTATTGGTGA TATCGAAGGT ATTAAACAAA AATTGGACCA TTTTCTCGAA ATGGGCGTCG ATATGTTTTG GTTATCTCCT ATTTATCCAA GTCCTATGGT CGATTTTGGT TATGACATTT CGAATTACAC CGATGTTCAT CCCATATTTG GCACCTTATC AGACTTAGAT AAC
Sequence comparison of (-G in A. cerana to other organisms 


Partial sequences of A. mellifera at 303 bp, Dorsophila at 579 bp, Culex at 1,673 bp, A. aegypti at 1,762 bp, chicken at 252 bp, and A. cerana at 350 bp were aligned.  The result is in figure 4.  
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Figure 4.  A phylogenetic tree of (-G in several organisms.
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Figure 5.  The optimum pH of (-G.  
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Figure 6.  The optimum temperature of (-G.


Figure 7.  The optimum substrate concentration for (-G activity.

Figure 7.  The optimum substrate concentration for (-G activity.

DISCUSSION

1. Due to SEM, the size of HPG glands from nurse bees is larger than those from forager bees.

2. Partial cDNA sequence of  (-G (350 bp) was obtained.  The homology of the sequence of A. cerana is at 96% to A. mellifera, at 5% to Dorsophila, at 67% to A. mellifera honeybee brain, at 44% to Culex, at 50% to A. aegypti, and at 5% to chicken.  

3. The activity of (-G of HPG glands from nurse bees is higher than those from forager bees.

4. The optimum condition of (-G in A. cerana is at pH 5, at temperature of 45oC, and 0.05mM of substrate concentration (sucrose). 
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Sheet1

		

		BSA  standard

		ug/ul(mg/ml)		OD		OD		OD		average

		0		0		0		0		0

		1		0.056		0.032		0.048		0.0453333333

		2		0.091		0.112		0.098		0.1003333333

		3		0.164		0.165		0.162		0.1636666667

		4		0.234		0.226		0.234		0.2313333333

		5		0.274		0.275		0.291		0.28

		6		0.331		0.329		0.344		0.3346666667

		7		0.392		0.386		0.383		0.387

		8		0.38		0.405		0.406		0.397

		9		0.467		0.509		0.501		0.4923333333

		10		0.533		0.523		0.538		0.5313333333

		glucose standard 5/1/46

		ug/ul(mg/ml)		uM		OD		OD		average				ug/MW = uM

		0		0		0		0		0

		1		0.0055370986		0.044		0.04		0.042

		2		0.0110741971		0.067		0.082		0.0745

		3		0.0166112957		0.112		0.112		0.112

		4		0.0221483942		0.149		0.148		0.1485

		5		0.0276854928		0.189		0.182		0.1855

		6		0.0332225914		0.225		0.231		0.228

		7		0.0387596899		0.238		0.2		0.219

		8		0.0442967885		0.297		0.299		0.298

		9		0.049833887		0.316		0.316		0.316

		10		0.0553709856		0.349		0.355		0.352
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Sheet3

		vary pH ใช้ S2(21/1/46)

		pHครั้งที่1						average		activity (uM/min/0.5ต่อม)		activity (uM/min/ต่อม)		specific activity		dilute100:900

		3		0.042		0.032		0.037		0.0057583964		0.0115167927		0.0012628062		0.0012628062

		3.5		0.039		0.022		0.0305		0.0047467862		0.0094935724		0.0010409619		0.0010409619

		4		0.031		0.039		0.035		0.0054471317		0.0108942634		0.0011945464		0.0011945464

		4.5		0.064		0.065		0.0645		0.0100382856		0.0200765711		0.0022013784		0.0220137841

		5		0.147		0.111		0.129		0.0200765711		0.0401531422		0.0044027568		0.0440275682

		5.5		0.094		0.054		0.074		0.0115167927		0.0230335855		0.0025256124		0.0252561244

		6		0.062		0.087		0.0745		0.0115946089		0.0231892178		0.0025426774		0.0254267739

		6.5		0.041		0.071		0.056		0.0087154107		0.0174308214		0.0019112743		0.0019112743

		7		0.034		0.011		0.0225		0.0035017275		0.007003455		0.0007679227		0.0007679227

		7.5		0.045		0.027		0.036		0.005602764		0.0112055281		0.0012286763		0.0012286763

						เฉลี่ย

		ปริมาณโปรตีน		0.224		0.2455		4.563197026

		(mg/ml/0.5ต่อม)		0.267

		ปริมาณโปรตีน		9.12

		(mg/ml/ต่อม)

		sample S1(24/1/46)

		pHครั้งที่2						average		activity (uM/min/0.5ต่อม)		activity (uM/min/ต่อม)		specificactivity

		3		0		0.016		0.008		0.0012450587		0.0024901173		0.000650331

		3.5		0.038		0.031		0.0345		0.0053693155		0.0107386311		0.0028045524

		4		0.01		0.059		0.0345		0.0053693155		0.0107386311		0.0028045524

		4.5		0.13		0.099		0.1145		0.0178199023		0.0356398045		0.0093078622

		5		0.16		0.275		0.2175		0.0338500327		0.0677000654		0.0176808737

		5.5		0.173		0.147		0.16		0.0249011735		0.0498023469		0.0130066197

		6		0.032		0.071		0.0515		0.0080150652		0.0160301304		0.0041865057

		6.5		0.131		0.039		0.085		0.0132287484		0.0264574968		0.0069097667

		7		0.041		0.001		0.021		0.003268279		0.006536558		0.0017071188

		7.5		0.024		0.026		0.025		0.0038908084		0.0077816167		0.0020322843

		ปริมาณโปรตีน		0.112		0.1025		1.9144981413

		(mg/ml/0.5ต่อม)		0.093

		ปริมาณโปรตีน		3.829

		(mg/ml/ต่อม)

		ค่าเฉลี่ยที่ pH ต่าง ๆ ของ 2 ครั้งการทดลอง

		pH		ครั้งที่1		ครั้งที่ 2		ค่าเฉลี่ย

		3		0.0012628062		0.000650331		0.0009565686

		3.5		0.0010409619		0.0028045524		0.0019227571

		4		0.0011945464		0.0028045524		0.0019995494

		4.5		0.0220137841		0.0093078622		0.0156608232

		5		0.0440275682		0.0176808737		0.030854221

		5.5		0.0252561244		0.0130066197		0.0191313721

		6		0.0254267739		0.0041865057		0.0148066398

		6.5		0.0019112743		0.0069097667		0.0044105205

		7		0.0007679227		0.0017071188		0.0012375208

		7.5		0.0012286763		0.0020322843		0.0016304803
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		vary temp		sample S1(24/1/46)เดียวกับ pH ค่าโปรตีนจึงเท่ากัน

		temp						average		activity (uM/min/0.5ต่อม)		activity (uM/min/ต่อม)		specificactivity		dilute100:900

		20		0.013		0.019		0.016		0.0024901173		0.0049802347		0.001300662		0.0130066197

		30		0.153		0.141		0.147		0.0228779531		0.0457559062		0.0119498319		0.1194983187

		35		0.215		0.213		0.214		0.0333053195		0.066610639		0.0173963539		0.1739635389

		40		0.218		0.088		0.153		0.0238117471		0.0476234943		0.0124375801		0.1243758011

		45		0.318		0.339		0.3285		0.0511252218		0.1022504436		0.0267042161		0.2670421613

		50		0.341		0.119		0.23		0.0357954369		0.0715908737		0.0186970159		0.1869701586

		55		0.238		0.243		0.2405		0.0374295764		0.0748591527		0.0195505753		0.1955057528

		60		0.228		0.366		0.297		0.0462228032		0.0924456065		0.0241435379		0.0241435379

		70		0.147		0.177		0.162		0.0252124381		0.0504248763		0.0131692025		0.0131692025

		S2(24/1/46)

		temp						average		activity (uM/min/0.5ต่อม)		activity (uM/min/ต่อม)		specificactivity		dilute100:900

		20		0.174		0.055		0.1145		0.0178199023		0.0356398045		0.0093078622		0.0930786224

		30		0.136		0.112		0.124		0.0192984094		0.0385968189		0.0100801303		0.1008013029

		35		0.199		0.245		0.222		0.0345503782		0.0691007564		0.0180466849		0.1804668487

		40		0.199		0.159		0.179		0.0278581878		0.0557163756		0.0145511558		0.1455115582

		45		0.311		0.343		0.327		0.0508917733		0.1017835465		0.0265822791		0.2658227907

		50		0.206		0.31		0.258		0.0401531422		0.0803062844		0.0209731743		0.2097317431

		55		0.25		0.218		0.234		0.0364179662		0.0728359324		0.0190221814		0.1902218135

		60		0.83		0.94		0.885		0.1377346157		0.2754692315		0.0719428654		0.0719428654

		70		0.129		0.13		0.1295		0.0201543873		0.0403087746		0.0105272328		0.0105272328

		temp		ครั้งที่ 1		ครั้งที่ 2		เฉลี่ย

		20		0.0130066197		0.0930786224		0.0530426211

		30		0.1194983187		0.1008013029		0.1101498108

		35		0.1739635389		0.1804668487		0.1772151938

		40		0.1243758011		0.1455115582		0.1349436797

		45		0.2670421613		0.2658227907		0.266432476

		50		0.1869701586		0.2097317431		0.1983509508

		55		0.1955057528		0.1902218135		0.1928637831

		60		0.0241435379		0.0719428654		0.0480432016

		70		0.0131692025		0.0105272328		0.0118482177
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