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ABSTRACT

Endo-f-N-acetylglucosaminidases (ENGases) are the key enzymes showing dual specificity with an ability to
catalyze hydrolysis and transglycosylation reactions.These enzymes have became the focal point for researchers
because of their potentiality for synthesis of glycopeptides. Recently, few important ENGase mutants of
Artherobacter protophormiae were screened that affects the catalytic activity of ENGase. Out of various mutants,
the N171A mutant is having the property to abolish the whole enzymatic activity, both hydrolytic and
transglycosylation activity (Jie Yin.,et al, 2009). In this study, we compared mutant N171A with native protein(PDB
3FHQ) to understand the structural changes, especially the hydrogen bonding pattern at the active site region which
is causing the loss of catalytic activity in the mutant. The mutation position at 171 was mapped in the 3FHQ the
native protein structure and a mutant with replacement of amino acid residue from Aspargine to Alanine was
modeled by using homology modeling and simulation up to 10ns was done by Scrodinger Molecular modeling
software. The results obtained from this computational analysis are correlated to experimental data and it Provides
the potential insights to understand the key residues for catalytic activity of Atherobacter ENGase of both native and
mutant protein to evaluate the stability, conformational differences.
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INTRODUCTION

Endof-N-acetylgucosaminidases (EC 3.2.1.96) (ENGases}har key enzymes that have the ability to hydmelyz
the glycosidic bond GIcNA@-1,4GIcNAc present in N-linked sugar chains incglgroteins and release the N-
glycan moiety leaving, GIcNAc attached to protellinked oligosaccharides play crucial roles in tipaality
control, folding, ER-associated degradation (ERADY sub cellular trafficking of glycoproteins [These are key
enzymes in the processing event of free oligosaitd®in the cytosol [2].This enzyme activity heeen described
in wide variety of animal cells[3-7] bacteria [8}Ll€ungi [11,12], plants [13,14] and animals [15,16ndo$-N-
acetylgucosaminidases are categorized into glyedsydrolase families GH18 and GH85 based on theolamy in
protein sequence .In case of the enzyme fielavobacterium meningosepticum (endo-F) [17] the transfer of
oligosaccharide to glycerol occurs. Some ENGasesGbI85 family along with hydrolysis also possess
transglycosylation activity, i.e., the ability t@ahsfer the released oligosaccharide moiety tatatde acceptor other
than water. For example, Endo-A [27] can transfeigh-mannose type oligosaccharide to monosacatgsdch as
N-acetylglucosamine (GIcNAc) and glucose to formeav oligosaccharide [2, 18]. Transglycosylaatiotivig
towards complex oligosaccharides is exhibited inGaNe from Mucor hiemalis (Endo-M) [19]. An intact
oligosaccharide istransferred by Endo-A and EndmNhe acceptor forms a new glycopeptide or glyotsin in a
single step, making it a highly convergent chemgeratic approach [20-22]. By using this chemoenzjenat
approach a number of homogeneous natural and uahattglycopeptides and glycoproteins are synttezkif23,
24, 25].
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From the recent reports of Takegawstal. [26, 27] an end@-N-acetylglucosaminidase frometherobacter
protophormiae (endo-A) has transglyccosylation activity, eventiiothe hydrolytic activity still predominates [27].
The enzyme was also used for synthesis of neogtgteip by the process of transglycosylation[28jvéts found
that the transglycosylation activity can be enhdnlog suppressing the hydrolytic activity of endo#ndo-A is
specific for high-mannose or hybrid type N-glycamsl has been applied for the synthesis of high-ossiype
oligosaccharides and N-glycopeptides[29-31].

Although there is a considarable progress in padjmar of proteins, synthesis of glycoproteins ofirk structure
is still a alarming challenge, especially with respto the synthesis of carbohydrates to proted2$ [From the
recent findings it has been proved that syntheligosaccharide oxazolines (the mimics of the oxanoi ion
intermediate of the enzymatic reaction) can be dsedEndo-A catalyzed transglycosylation. This aguh has
opened gates for expanding the scope of chemoenizymeathod for glycopeptides and glycoprotein sesth [33].
It was found that the highly activated sugar oxemed corresponding to the modified N-glycans casddve as
substrates for the Endo-A catalyzed transglycoeylatThe discovery of several ENGase- based glytbsge,
including EndoA-N171A, could promote transglycosigla with sugar oxazolines of natural N-glycansey tiack
the ability to hydrolyze the product, and thus dedlihe synthesis of homogenous glycoproteins tagriull size
natural N-glycans [34-36].

Previous experimental studies have provided aneewiel that the mutant N171A is having the propertgtiolish
the whole enzymatic activity, both hydrolytic amdrisglycosylation activity[37]. Furthermore the faymational
change in the 3D structure of the protein accotirchanges in its time dependent physiologicahitiffs towards
the substrate and in turn affects the enzymatictfon of ENGase. Here we have used the set of ctatipnal
platforms homology-based structure modeling ancemdar dynamics simulation studies which helpsrdeustand
the conformational changes of Artherobacter ENGaseture.

EXPERIMENTAL SECTION

Protein preparation:-

ENGase ofArtherobacter protophormiae preparation was done by using protein preparafibrard of Maestro
software [38]. The protein was treated by adding itissing hydrogens, by assigning proper bond oader by
deleting all hetero atoms like catalytic ligandliting water molecules. The H-bonds were optimigsithg sample
orientations. All the polar hydrogens were obsend&dally, the Endo-A protein structure was minigdzto the
default Root Mean Square Deviation (RMSD) valueO&0 employing OPLS 2005 Force field. The final low
energy conformation protein was used for mutatiaralysis. Mutation at respective position and rlindewvas
done using schrodinger software [40].

Modeling and Preparation of insilico M utant

This study focuses on the elucidation of 3D strieetof Endo-A Mutant at 171 position by mutating Asgine to
Alanine and is done by homology modeling approaaked on 3FHQ obtained from protein databank (PDB
database).The Schrodinger molecular modeling soétwaite was used to build and refine the models.

Molecular Dynamics

Desmond Molecular Dynamics system [39,40,42] withti@ized Potentials for Liquid Simulations (OPLS} a
atom force field 2005 [41,43 ] was used to perfddid simulations of modeled mutant and native forrhjch were
prepared using protein preparation wizard of Maegtterface [40]. Prepared structures were themag®d to
Desmond set up wizard for MD simulations. The grotructure is prepared by the addition and oation of
hydrogens, disulphide bonds were generated, watdeaules removed and the protein terminals wergpeap
Prepared protein molecules were solvated with TIRéEer model in a cubic periodic boundary box toegate
required systems for MD simulations. Systems wezatnalized using appropriate number of counteridrtse
distance between box wall and protein complex weascsgreater than 10A to avoid direct interactidth its own
periodic image. Energy of prepared systems for NMbukations was minimized up to maximum 5000 stegisg
steepest descent method until a gradient thregtfidkcal/mol/A) is reached, followed by L-BFGS (kamemory
Broyden-Fletcher-Goldfarb-Shanno quasi-Newtonianimizer) until a convergence threshold of 1 kcal/davas
met. The systems were equilibrated with the defsatameters provided in Desmond. Further MD sinutatwere
carried on the equilibrated systems for desireibgasf time at constant temperature of 300 K anastant pressure
of 1 atm with a time step of 2fs. Smooth particlesim Ewald method was used to calculate long ralegérestatic
interactions in MD simulations. 9A cut-off radiussvused for columbic short range interaction cuttdthod. The
modeled ENGase protein was prepared for MD sinanatiusing the parameters discussed above. Thersysie
then continuously simulated at 10ns. Stability otking of the modeled mutant and native proteinsewaso
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investigated using MD simulations. The modeled mugad Native protein structures were simulatedLfams time
period using similar parameters as described above.

The root mean square deviation (RMSD) for bothrttfeeleled mutant and protein structures was calalfatethe
entire simulations trajectory with reference toithespective first frames. RMSF analyses was edrout for all the
frames of 10ns MD simulation of ENGase native andamt structures.

RESULTSAND DISCUSSION

N171A mutant:-

Asn(N)171 residue is a critical catalytic residmedlved in bonding of Hydrogen with substrate prede beta
barrel of domainl main chain of functional ENGa$é\dherobacter protophormiae. N171 is hydrogen bonded to
the thiazoline nitrogen of substrate mimicking #iality of the asparagine to orient the acetangdoup for a
nucleophilic attack on the anomeric carffofhe oxazoline ion intermediate alternatively ssikes via a substrate
assisted catalytic mechanism. The side chain oxpgéiil71 forms a hydrogen bond with the nitrogerthaf C2-
acetamido group of the substrate at a distance6ofA2Such an intramolecular attack can be avoligdutating
N171 to a non-nucleophilic residue and would preath opportunity to develop glycosynthase-like EB&3aFrom
previous experimental studies it was observedM a1 A mutation of Endo-A abolished hydrolysis ait}i}40]. In
silico mutations of Asn to Ala led to overall chanmp architecture of active site pocket. Slightigher RMSD
value was observed for mutant N171A compared tavRlatructure.

Docking with Substrate:

The native structure ENGase ofArtherobacter protophormiae 3FHQ [20] is taken from pdb database and this
structure is cocrystalized with NGT (N-glutamat®#oline) this complex was prepared for simulatiofise mutant
N171A was mapped in the native structure using Hogyomodeling module of schrodinger software. Thergy
minimizations were performed by OPALS force fietd both the native structure and the mutant modstiedttures
(Fig. 1.) Further, to understand the structuraincfes in this mutant it was docked with substrateTNGhe ligand
interaction plots of both native and mutant waswshdin the figure-2. The native structure ligandipio contacts
shows that Asn171 is involved in H-bonding with sinlte and the other amino acid residues like Tr29r205,
Trp93 and Phel69 at active site shows hydrophaléractions with substrate and active site conttirse water
molecules involved in H-bonding. As the Asn171 igtated with Alal71 the Hydrogen bonds are not fatinethe
mutant shown in (fig 2.B). The amino acid residlies Alal71, Trp93, Phel69, Phe243, Tyr299 at acsite
shows hydrophobic interactions with substrate anel Water molecules were involved in H-bonding wstibstrate
at active site. The number of water molecules m®ee in active site of mutant indicating that tlodvent
accessibility is increased when compared to thahe@fnative structure. This might be one of thesedfor the loss
of functional activity in case of mutant
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Molecular dynamics ssimulations

To analyze the stability of predicted protein, RM80ts backbone was plotted against the time déaenfunction
of MD simulations [Figure-3]. Fluctuation in backim of modeled protein during the simulations waerged up
to 10ns. After 5ns of MD simulations, backbone viasd to fluctuate around 2.2 A which persistetttie end of
10ns simulation. The standard deviation (SD) in RMfr whole simulation process was found compaedyiv
higher than 0.3A for the last 10 ns of simulationet. These data suggest that protein had morebfeekiackbone in
the beginning of the MD simulations but as the sations continued, protein tend to acquire a higéable
configuration. A low RMSD throughout the MD simutat and consistent RMSD at the last of MD simulatio
indicated that the predicted tertiary structureative had acquired a stable folding conformatidmere is no much
of deviation seen in RMSD between native and mutdrc-alpha but ligand interaction shows gratevialgon
between mutant and native structure as represémtbe figure-3.There were lot of fluctuations séeitig fit Plot
of mutant than in native. These results confirnfed mutant loss its stability.
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Root Mean Square Fluctuation (RMSF) of all thedees was calculated during the 10ns MD simulatishi&h
was used to located the higher flexibility regiaithe protein. The RMSF graph of native and mytardst of the
frames showed least flexibility variation and wesetved high flexibility between 400-500 in mutantd&50-300
in native protein. These regions of higher varigplbelong to loop and secondary structure of ENGa®tein. It is
a well known fact that loop region tends to be mibegible than other part of protein. During the &8 MD
simulations of Native ENgase protein, a separasdyais was done to calculate the deviation in dhky loop
regions of protein which revealed that these aadigions of higher flexibility of around 3.2 A.
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Fig 4 (A) RMSF of the backbone carbon alpha, Backbonc, chain and heavy atoms over the
entiresimulation. The ordinate is RMSF (Ang) of Native; (B) RMSF of the baclkbone carbon
alpha, Backbone, chain and heavy atoms over the entire simulation. The ordinateis RMSF
(Ang) of Mutant;
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CONCLUSION

Impact of single amino acid substitution on protsiability remains one of the most promising setban protein
science. This can be validated both experimentaily computationally, and offers new hope for atsmiuin the
years ahead. In our analysis, we took the mutdhtif1A) of Artherobacter protophormiae ENGase which affects
the functional activity. The mutations N171A wasesmed for its deleterious impact on protein fuonctbased on
computational tools. To examine the structural egugnces of these mutations, molecular dynamicalaiions
were carried out. A clear insight of stability la#sN171A mutation was observed in RMSD, RMSF aadhber of
hydrogen bond when compared to other mutations. fEselts obtained from this computational analyais
correlated to experimental data and it providespbgntial insights to understand the key residoescatalytic
activity of ENGases not only in Atherobacter bugoain other related orthologous species like Hu&aplant
ENGases.
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