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Abstract 


 


Background 


An efficient method for synthesizing homogenous glycoproteins is essential for elucidating the 


structural and functional roles of glycans of glycoproteins. We have focused on the transglycosylation 


activity of endo--N-acetylglucosaminidase from Mucor hiemalis (Endo-M) as a tool for 


glycoconjugate syntheses, since it can transfer en bloc the oligosaccharide of not only high-mannose 


type but also complex-type N-glycan onto various acceptors having an N-acetylglucosamine residue. 


However, there are two major bottlenecks for its practical application: the low yield of the 


transglycosylation product and the difficulty to obtain the activated sugar oxazoline substrate, 


especially the sialo-complex type one. 


Methods 


We carried out the transglycosylation using a glycosynthase-like N175Q mutant of Endo-M, which 


was found to possess enhanced transglycosylation activity with sugar oxazoline as a donor substrate, 


in combination with an easy preparation of the sialo-complex-type sugar oxazoline from natural 


sialoglycopeptide in egg yolk. 


Results  


Endo-M-N175Q showed efficient transglycosylation toward sialo-complex-type sugar oxazoline onto 


bioactive peptides and bovine ribonuclease B, and each sialylated compound was obtained in 


significantly high yield. 


Conclusions 


Highly efficient and simple chemo-enzymatic syntheses of various sialylated compounds were enabled, 


by a combination of a simple synthesis of sialo-complex-type sugar oxazoline and the Endo-M-N175Q 


catalyzed transglycosylation. 


General significance 


Our method would be very useful for a practical synthesis of biologically important glycopeptides and 


glycoproteins. 
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1. Introduction 


 


Glycosylation is known as an important process in many biological events, such as, cell adhesion, 


host-pathogen interactions, quality control of proteins, and retention of in vivo activities of many 


cytokines. To understand the roles of glycans or to synthesize glycoconjugates, methods for 


introducing various types of defined structure of glycans onto various compounds are needed. In 


particular, the establishment of a synthetic method for introducing a sialo-complex-type glycan onto 


proteins/peptides are demanded within pharmaceutical industry: some cytokines utilized as therapeutic 


glycoproteins, such as, erythropoietin [1], granulocyte-colony stimulating factor [2] and -interferon 


[3], have reported to need sialo-complex-type glycans for their in vivo activity. Other hormones having 


no N-glycan, like insulin, were also reported to show enhanced in vivo activity when a sialo-glycan 


was chemically introduced [4]. Most of recombinant therapeutic glycoproteins are currently made by 


overproduction in CHO cells or by tedious chemical methods. However, production in engineered 


CHO cells takes large cost and results in heterogeneity in glycan structures of the product. On the 


other hand, total chemical synthesis of glycoproteins is still a challenging task.  


We have developed a chemo-enzymatic method using a microbial endoglycosidase, Endo-M from 


Mucor hiemalis, as a tool for N-glycosylation [5]. This enzyme cleaves the 1-4 glycosidic linkage 


between N,N’-diacetylchitobiose moiety in N-glycan of glycoproteins, and releases the 


oligosaccharide leaving one GlcNAc on the protein. Importantly, the enzyme was found to hold a 


transglycosylation activity to attach the complex-type oligosaccharide onto various acceptors carrying 


one GlcNAc [5-8]. However, the yield of the transglycosylation product is very low, because of the 


inherent hydrolysis activity of the endoglycosidases for both the N-glycan of the donor substrate and 


the transglycosylation product. We have previously generated a novel glycosynthase-like mutant, 


Endo-M-N175Q, which enables highly efficient transglycosylation onto GlcNAc-carrying peptides by 


using chemically synthesized sugar oxazoline as a donor substrate [9, 10], by focusing on its 


substrate-assisted catalytic mechanism [11]. This chemo-enzymatic method is one of the most 


promising approaches for synthesizing homogeneous glycoproteins with complex-type N-glycans [12]. 


Indeed recent work on the use of endoglycosidases for the synthesis of glycoconjugates bearing 


complex-type N-glycans using oxazolines as donors has been carried out [13-17]. However, the 


synthesis of sialylated glycopeptides or glycoproteins by the sugar oxazoline approach has yet to be 


examined, mainly because of the difficulty to synthesize the substrate of sialo-complex-type sugar 


oxazoline by a conventional synthetic method. Very recently, we have developed a new synthetic 


method that can directly convert the GlcNAc at reducing end in various glycans to oxazolines by using 


2-chloro-1,3-dimethylimidazolinium chloride (DMC) in an aqueous solution without the need of 


protection and deprotection of the hydroxyl groups [18]. Here, we report our study on the 


trasnglycosylation of a sialo-complex-type sugar oxazoline with the mutant Endo-M-N175Q. Our 


results have shown that the mutant could efficiently transglycosylate the sialo-complex-type sugar 
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oxazoline to GlcNAc-containing peptide/protein, permitting an efficient chemo-enzymatic synthesis of 


various types of sialo-glycopeptide or -glycoprotein.
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2. Materials and methods 


 


2.1. Materials 


 The Endo-M-N175Q was prepared from a cell extract of the recombinant Escherichia coli as 


described previously [10]. Endo-H, endo--N-acetylglucosaminidase from Streptomyces plicatus, was 


purchased from New England Biolabs. Bovine pancreatic ribonuclease B (RNaseB), 


4-methylumbelliferyl--D-N-acetylglucosaminide (4MU-GlcNAc), and chitinase from Streptomyces 


griseus were purchased from Sigma-Aldrich. A biantennary complex-type sialylglycopeptide (SGP), 


Lys-Val-Ala-Asn[(NeuAc-Gal-GlcNAc-Man)2Man-GlcNAc2]-Lys-Thr from hen egg yolk was a gift 


from Taiyo Kagaku (Japan). A GlcNAc-pentapeptide [Glu-Asn(GlcNAc)-Ile-Thr-Val]  derived from 


erythropoietin, a GlcNAc-hendecapeptide (GlcNAc-Substance P) 


[Arg-Pro-Lys-Pro-Gln(GlcNAc)-Gln-Phe-Phe-Gly-Leu-Met] derived from substance P and 


GlcNAc-dodecapeptide (GlcNAc-PAMP12)  


[Phe-Arg-Lys-Lys-Trp-Asn(GlcNAc)-Lys-Trp-Ala-Leu-Ser-Arg] were synthesized as described 


previously [9, 19]. 2-Chloro-1,3-dimethylimidazolinium chloride (DMC) was purchased from Tokyo 


Chemical Industry Co. (Japan); triethylamine, p-nitrophenyl--D-N-acetylglucosaminide 


(pNP-GlcNAc), neuraminidase from Arthrobacter ureafaciens and pronase were from Nacalai Tesque 


(Japan). 


 


2.2. Synthesis and purification of a sialo-complex-type sugar oxazoline 


SGP (500 mg, final conc. 5 mM) was subjected to hydrolysis reaction with 50 g of the wild-type 


Endo-M (Endo-M-WT) at 30 °C for overnight. Sialo-complex-type glycan with a single GlcNAc at 


reducing end was obtained from SGP at about 80% yield after gel filtration using Sephadex G-25 


using water as eluent (Scheme 1). The freeze dried sialo-complex-type glycan (150 mg, final conc. 50 


mM, 1eq.) was dissolved in 1.5 ml water and reacted with 15 eq. of DMC in the presence of 45 eq. 


triethylamine at 0 °C, and the glycan was converted to sugar oxazoline with ~90% yield (data not 


shown). The reaction mixture was subjected onto Sephadex G-25 gel filtration in 0.01% aqueous 


ammonia and the sialo-complex-type sugar oxazoline was obtained at 63% yield (freeze dried, 94.5 


mg, the overall yield from SGP: 50%). 
1
H NMR of the oxazoline compound after gel filtration was 


measured on Bruker DRX500 spectrometer or AV400 spectrometer as a t-butylalcohol as a internal 


standard: 
1
H NMR (D2O, 400 MHz) :  6.09 (d, 1 H, J = 7.3 Hz, H-1 of oxazoline), 2.66 (m, 2 H, 


H-3ax of sialic acid), 1.72 (t, 2 H, J = 12.2 Hz, H-3eq of sialic acid). 


 


2.3 Analyses of the transglycosylation product 


MS and NMR were used to analyze the transglycosylation product formed by the enzyme reaction of 


Endo-M-N175Q, using the sialo-complex-type sugar oxazoline as the donor substrate and 


pNP-GlcNAc as the acceptor substrate. MALDI-TOF-MS analysis showed that the mass ion peak 
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coincided with the calculated mass of (Neu5Ac-Gal-GlcNAc-Man)2-Man-GlcNAc2-pNP: calculated 


M=2343.8, found m/z [M–H]
-
 2343.2. 


1
H NMR (500 MHz, D2O):  (ppm) 8.15 (2H, d, Ph of pNP, J = 9.1 Hz, 7.07 (2H, d, Ph of pNP, J = 


9.2 Hz), 5.21 (1H, d, H-1 of GlcNAc-1-pNP, J = 8.5 Hz), 5.04 and 4.85 (2H, s, H-1 of Man-4 and 4’), 


4.7 (1H, H-1 of Man-3 in DOH), 4.54 and 4.50 (3H, d, H-1 of GlcNAc-2, 5, and 5’, J = 7.9 and 7.4 


Hz), 4.34 (2H, d, H-1 of Gal-6 and 6’, J = 7.8 Hz), 4.16, 4.10, and 4.02 (3H, brs, sugar-H), 3.99-3.39 


(m, sugar-H), 2.58-2.56 (2H, d, H-3eq. of NeuAc-6 and 6’, J = 12.2 Hz), 2.02-1.89 (18H, m, CH3 of 


GlcNAc-pNP, GlcNAc-1, 4, 4’, NeuAc-6, and 6’), 1.65-1.60 (2H, t, H-3ax. of NeuAc-6 and 6’, J = 12.3 


Hz). 
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C NMR (126 MHz, D2O);  (ppm) 126.1 and 116.5 (Ph of pNP), 103.6, 101.4, 100.5, 99.6, 99.3, 


99.2, 98.4, and 96.9 (C-1 of sugar), 80.7, 80.6, 80.5, 79.6, 78.8, 76.4, 76.2, 74.9, 74.4, 73.7, 73.5, 72.8, 


72.5, 72.4, 72.2, 72.1, 72.0, 71.7, 70.7, 70.2, 69.4, 68.4, 68.2, 67.3, 65.9, 65.7, 63.3, 62.6, 61.7, 61.6, 


60.2, 59.9, and 59.8 (sugar-C), 54.9, 54.7, and 54.6 (C-2 of GlcNAc-pNP, GlcNAc-1, 4, and 4’), 51.9 


(C-5 of NeuAc-6 and 6’), 40.0 (C-3 of NeuAc-6 and 6’), 22.4, 22.3, and 22.0 (CH3 of GlcNAc-pNP, 


GlcNAc-1, 4, 4’, NeuAc-6, and 6’). 


 


2.4. Enzyme assay 


 The transglycosylation activity of Endo-M-WT and Endo-M-N175Q with sialo-complex-type 


oxazoline was analyzed using a chitinase-coupled method described previously [10, 20]. This method 


is able to monitor the amount of the transglycosylation product once formed without the enzymatic 


re-hydrolysis, because co-incubated chitinase promptly hydrolyzes the transglycosylation product to 


yield a fluorescent 4-MU: a solution of 1 mM SGP, 2.5 mM 4MU-GlcNAc and 100 mU chitinase from 


S. griseus was incubated with 2 g of each enzyme in 50 l of sodium phosphate buffer (50 mM, pH 


6.5) containing 10% dimethyl sulfoxide. The transglycosylation reactions were monitored as described 


previously [9, 10].  


 


2.5. Syntheses of glycopeptide/protein having sialo-complex type oligosaccharide 


 A solution of sialo-complex-type sugar oxazoline (35 mM) and each GlcNAc-peptide, 


GlcNAc-pentapeptide (10 mM), GlcNAc-PAMP12 (10 mM) or GlcNAc-Substance P (5 mM) as an 


acceptor in 20 l of sodium phosphate buffer (50 mM, pH 6.0) was incubated with 20 g of 


Endo-M-N175Q at 30 °C, and each transglycosylation reaction was analyzed by reversed-phase 


(RP)-HPLC. Analytical RP-HPLC was performed by a Hitachi D-2000 Elite instrument with a 


Cosmosil 5C18-AR II column (4.6 × 150 mm, Nacalai Tesque, Japan) at 40 °C. The column was 


eluted with a linear gradient with 0-15% acetonitrile containing 0.1% trifluoroacetic acid for 12 min. 


Each of the sialo-complex type transglycosylation product was isolated by RP-HPLC and analyzed by 


MALDI-TOF MS: sialo-complex type pentapeptide, calculated M= 2778.1, found 2778.2 [M+H]
+
; 


sialo-complex type PAMP12, calculated M= 3823.4, found m/z, 3824.2 [M+H]
+
; sialo-complex-type 


Substance P, calculated M= 3552.1, found m/z, 3553.7 [M+H]
+
. The asialo-complex type PAMP12 
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was obtained by incubating 5 mM of sialo-complex type PAMP12 with neuraminidase from 10 mU 


Arthrobacter ureafaciens in a sodium acetate buffer (100 mM, pH 5.0) at 37 °C for 48 hrs. The 


asialo-complex type PAMP12 was isolated by RP-HPLC and analyzed by MALDI-TOF MS, 


calculated M=3238.8, found m/z, 3261.0 [M+Na]
 +


. 


 The resistance of each PAMP12 derivative for protease was assessed by incubating 0.2 mM of each 


derivative with 0.5 g of pronase at 37 °C in 100 l of Tris-HCl buffer (100 mM, pH 7.5) containing 


10 mM CaCl2, according to manufacturer’s protocol. The time course of the residual amount of each 


peptide was monitored by RP-HPLC under the same analytical condition. 


The transglycosylation on GlcNAc-RNaseB was carried out in a reaction mixture including 80 mM 


of sialo-complex-type sugar oxazoline as the donor, 0.1 mM of GlcNAc-RNaseB as the acceptor and 


20 g of Endo-M-N175Q in 20 l of phosphate buffer (50 mM, pH 7.0). The transglycosylation 


product was purified by a gel filtration column (Superdex 75 HR 10/30) equipped with AKTA explorer 


(GE Healthcare). Elution was carried out using a 50 mM sodium phosphate buffer, pH 7.0, containing 


150 mM NaCl. The transglycosylation product was analyzed by SDS-PAGE on a 12% gel and 


ESI-TOF MS, calculated M= 15886.1, found m/z [M+H]
+
 15888.1.
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3. Results and discussion


 


3.1. Assay of the transglycosylation activity of Endo-M-N175Q using sialo-complex-type sugar 


oxazoline 


First, we tested whether the crude sialo-complex-type sugar oxazoline synthesized by this method 


could be used as a donor substrate for transglycosylation by Endo-M-N175Q. However, no 


transglycosylation product was detected, because the enzymatic activity was completely inhibited by 


excess amount of dimethyl-2-imidazolidinone derived from DMC and triethylamine included in the 


reaction mixture. We then purified the sugar oxazoline by gel filtration (Scheme 1; overall yield from 


SGP was 50%), and successfully removed these compounds on the basis of the fact that the 
1
H NMR 


spectrum of the sialo-complex-type sugar oxazoline showed no signals derived from DMI and Et3N 


(Materials and methods 2.2). After the transglycosylation reaction using the purified oxazoline as a 


donor and pNP-GlcNAc as an acceptor, a peak identical to that of the transglycosylation product 


obtained using Endo-M-WT and SGP as a donor substrate, was found in RP-HPLC. The 


transglycosylation product was collected and analyzed by MALDI-TOF MS and NMR to confirm that 


it contained a disialo-complex-type glycan (Materials and methods 2.3). 


Next, we analyzed the time-course of transglycosylation by Endo-M-N175Q and Endo-M-WT using 


the purified sialo-complex-type sugar oxazoline as a donor in comparison with their activities using 


natural substrate SGP as a donor (Fig. 1). In this assay, 4MU-GlcNAc was used as an acceptor and the 


transglycosylation reaction was monitored by a chitinase-coupled method [20]. Both Endo-M-WT and 


-N175Q produced the transglycosylation products using sialo-complex-type sugar oxazoline as a 


donor. As expected, Endo-M-N175Q showed significantly higher transglycosylation activity and the 


transglycosylation product was over 2-fold of that of the WT. On the other hand, the 


transglycosylation activity of Endo-M-N175Q was less than 1/4 of that of the WT when SGP was used 


as a donor. Thus, we confirmed that Endo-M-N175Q is the superior glycosynthase mutant for 


transferring sugar oxazolines with not only high-mannose type and asialo-complex type but also 


sialo-complex type. 


 


3.2. Syntheses of bioactive peptides carrying sialo-complex-type glycan 


 There are many reports that the enhancement of the biological activity of various hormones/cytokines 


is owing to its sialo-oligosaccharide [1, 3, 4]. Then, we next applied this method to synthesize 


glycopeptide/glycoproteins with sialo-complex-type glycan. First, we assessed the efficacy of the 


Endo-M-N175Q for transglycosylation using chemically synthesized GlcNAc-pentapeptide derived 


from erythropoietin (Fig. 2). Expectedly, the mutant gave the transglycosylation product in 5-fold 


higher yield than that of the WT after 20 min, and did not show the re-hydrolysis of the 


transglycosylation product. When the ratio of donor to acceptor was 3:1, Endo-M-N175Q gave about 


30% yield of the transglycosylation product in 20 min. However, when more excess amount of the 
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donor substrate, sialo-complex-type sugar oxazoline, was used, the yield of the transglycosylation 


product reached to 97% within 30 min (data not shown). 


 Then, we carried out chemo-enzymatic syntheses of two types of bioactive peptide derivatives of 


PAMP12 and Substance P, carrying sialo-complex-type glycan. Both peptides are known to have an 


effect on lowering blood pressure [21, 22]. It is expected that introducing the sialo-complex-type 


glycan onto these peptides extend the serum half life. A GlcNAc moiety was introduced onto Asn5 of 


PAMP12 and Gln5 of Substance P, as we have previously shown that Endo-M-WT had a 


transglycosylation activity onto GlcNAc-Gln-peptides as well as GlcNAc-Asn-peptides [19]. As a 


result of the transglycosylation reaction by Endo-M-N175Q, each sialo-glycosylated form of PAMP12 


and Substance P derivative was obtained in 95% and 98% yields, respectively (Scheme 2), in 10 min 


under this reaction condition, and still remained after 30 min-reaction (data not shown). These results 


indicated that both residues of Asn and Gln in bioactive peptides are added by sialo-complex-type 


oligosaccharide using this efficient chemo-enzymatic method.  


To evaluate the improvement of the sialo-glycosylated bioactive peptide, we examined the resistance 


of PAMP12 derivative against proteases (Fig. 3). We compared three PAMP12 derivatives, such as 


sialo-complex type, asialo-complex type, and a single GlcNAc glycoform of PAMP12, with non 


glycosylated PAMP12 with regard to resistance against pronase digestion. As a result, the 


sialo-complex-type derivative of PAMP12 showed apparently higher resistance against pronase than 


other derivatives. This result suggested that introducing sialoglycan onto PAMP12 may be able to 


extend its serum- half- life. 


 


3.3. Synthesis of sialo-complex-type glycoprotein 


 Endo-M-N175Q mutant has been shown to possess an efficient transglycosylation activity towards 


various sugar oxazolines including sialo-complex type. Then, we sought to test the transglycosylation 


potency of N175Q mutant on sialylated complex type sugar oxazoline on glycosylation remodeling of 


the high-mannose type N-glycan of bovine pancreatic RNaseB into the sialo-complex-type one 


(Scheme 3). At first, the high-mannose type glycan was completely removed by Endo-H and the 


GlcNAc-RNaseB was obtained (Fig. 4A, lanes 2 and 3). Then, we carried out the transglycosylation 


reaction by use of sialo-complex-type sugar oxazoline as a donor and GlcNAc-RNaseB as an acceptor 


with Endo-M-N175Q. The transglycosylation reaction was assessed by SDS-PAGE. A band 


corresponding to GlcNAc-RNaseB (ca.14 kDa) was rapidly shifted to sialo-complex-type glycoform 


of RNaseB (ca. 16 kDa) (Fig. 4A, lanes 5 and 6). Here a large excess of sugar oxazoline 


(donor:acceptor, 800:1) was used in order to have an efficient enzymatic conversion. It was observed 


that under this condition, almost all of the GlcNAc-RNaseB was converted to the transglycosylation 


product, sialo-complex-type glycoform of RNaseB, in 30 min (Fig. 4A, lane 7). The 


sialo-complex-type glycoform of RNaseB was easily isolated by gel-filtration (Fig. 4B) and the 


molecular mass was confirmed to be disialo-form by ESI-TOF MS (Fig. 4C). These results indicated 
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that a high-yield synthesis of glycoprotein with sialo-complex-type oligosaccharide could be achieved 


with our chemo-enzymatic method using Endo-M-N175Q and one-step oxazoline synthesis. 
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4. Conclusions 


 


 In this study, we have described a highly efficient chemo-enzymatic synthesis of sialylated 


glycopeptides and glycoprotein by a combined use of the newly developed method for synthesis of 


sialo-biantennary complex-type sugar oxazoline and the glycosynthase-like N175Q mutant of Endo-M. 


We have demonstrated that when a sufficient amount of sialo-complex-type sugar oxazoline was used, 


the corresponding glycopeptides could be synthesized in high yield by the Endo-M-N175Q-catalyzed 


transglycosylation, without hydrolysis of the product. This method could be also applied to produce 


homogenous sialo-glycoprotein in a significantly high yield, as exemplified by the remodeling of 


natural RNaseB to produce the sialylated RNase glycoform. Our developed chemo-enzymatic method 


has a great advantage that it takes low cost and is very simple, compared with other existing methods. 


It would be applied into practical use for producing pharmaceutical glycoproteins/peptides. 
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Figure legends 


 


Scheme 1. Synthesis and purification of sialo-complex-type sugar oxazoline. 


 


Scheme 2. Enzymatic syntheses of gycopeptides carrying sialo-complex-type glycan by using 


Endo-M-N175Q with sialo-complex-type sugar oxazoline. 


Transglycosylation reactions were carried out using 35 mM of sialo-complex-type sugar oxazoline as a 


donor and 10 mM of GlcNAc-PAMP12 or 5 mM of GlcNAc-Substance P as an acceptor 


(donor/acceptor molar ratio, 3.5:1 and 7:1, respectively). 


 


Scheme 3. Enzymatic synthesis of sialo-complex type glycoform of RNaseB. 


0.1 mM of GlcNAc-RNase B was incubated with 80 mM of sialo-complex-type sugar oxazoline 


(donor/acceptor molar ratio, 800:1) in a phosphate buffer in the presence of Endo-M-N175Q at 30 °C. 


 


Fig. 1. Transglycosylation reactions of Endo-M-WT and Endo-M-N175Q using SGP or 


sialo-complex-type sugar oxazoline as a donor.  


Transglycosylation reactions were carried out using 1 mM of SGP or sialo-complex-type sugar 


oxazoline (oxa.) as a donor and 2.5 mM of 4MU-GlcNAc as an acceptor. Transglycosylation product 


once formed was immediately hydrolyzed by coexisting chitinase to release 4MU. None: reaction with 


no enzyme.  


 


Fig. 2. Production of glycopeptides by the transglycosylation reactions of Endo-M-WT and 


Endo-M-N175Q using sialo-complex-type sugar oxazoline as a donor. 


The transglycosylation reaction was carried out using 15 mM of sialo-complex-type sugar oxazoline 


as a donor and 5 mM of GlcNAc-pentapeptide derived from erythropoietin as an acceptor, and 


analyzed by RP-HPLC. CT, complex type. 


 


Fig. 3. Comparison of the protease resistance of PAMP12 derivatives. 


Time-course of the residual amount of each PAMP12 derivative after incubation with pronase was 


determined by RP-HPLC. 


 


Fig. 4. Enzymatic remodeling of N-glycan on RNaseB by using Endo-M-N175Q with 


sialo-complex-type sugar oxazoline as a donor.  


A, The reaction mixtures were analyzed by SDS-PAGE on 12% gel. Lane 1: Low molecular weight 


marker; lane 2, native RNaseB; lane 3, GlcNAc-RNaseB (RNaseB treated with Endo-H); lane 4, 


Endo-M-N175Q; lane 5-7; reaction mixtures of the transglycosylation using Endo-M-N175Q with 


sialo-complex-type sugar oxazoline after 0, 10, 30 min-incubation, respectively. B, SDS-PAGE of 
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purified sialo-complex-type glycoform of RNaseB after gel-filtration. C, ESI-TOF MS analysis of the 


transglycosylation product. Observed mass ion peaks corresponded with disialo-complex-type 


glycoform of RNaseB. Calculated monoisotopic and averaged masses for [M+H]
+
, 15886.1 and 


15888.1. 


 


 








































