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UDC 577.32 various bacteria/F17], fungi[8, 18], and plantsT, 8, 19-
21]. Within past two decades bacterial ureases have
HOMOLOGY MODELING AND MOLECULAR gained much attention iresearch field as a virulence
DYNAMICS STUDY OF MYCOBACTERIUM factor in human and animal infectiopg 8, 17, 2224,
TUBERCULOSISUREASE and, correspondingly, as an attractizegetfor designing
newsafe and efficierénzyme inhibitors aimed wmbat
Lisnyak Yu. V., Martynov A. V. infectious diseases stipulated by urease actj2By34].
A prerequisite for designmg such inhibitors is an
SIAil . Mechni kov | nstit utuwdestandiMi ofuredsa'schreedimensional 3D)
Imunology of National Academy of Medical Sciences structure organization.
of Ukraineo Plant and fungal ureases are hepigomeric
proteins, while bacterial ureases are multimers of three
Introduction subunis (exceptHelicobacter pyloriwhich comprises

Mycobacterium tuberculosis the causative two-subunis). Despite these differences, bacteriakda
agent of tuberculosisnfects approximately one third of plant ureases are gomologous, &age a similathree
thewor | dés popul atZndlionpaapld dimiensibnalstractune(figs 1f) and conservative catalytic
every year[1]. Although t is frequently proposed that mechanism6, 7, 35, 36] Three sukunits of bacterial
vaccination is themost effective way to aubat ureass, UreC (Uchain), UreB(b-chain) and UreA(o-
tuberculosis, numerous attempts to develomore chain) form a T-shaped heterotriméy b (fig. 1). Three
efficacious vaccines than available ones have féflgd U b deterotrimers form quaternary complex) §)9
Thus, newantituberculosis drugare urgently needed. homdrimer of heterdrimers Active center is located in
One of the potential targets for chemotherapeutid-domainand contains two atoms of nickebordinated
intervention in tuberculosis M. tuberculosis urease by carboxylated lysine, aspartic acid and histidine
(MTU).

Urease a nickelcontaining enzyme (urea
amidohydrolase,f & 3.5.1.5) [3-6], is produced by
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Fig. L1 Subunit organizatiorandX-ray structureof bacterial and plant ureasesi Aharacteristibacterial
ureaseKlebsiella aerogenesrease, consisting tiiree subunits : (cydl), (gold)a n dlilac) (PDB code2KAU).
B i Helicobacter pyloriureaseconsistingof two sub-units : (cylin)a n d(lilab) (PDB code 1E9Z)C i characteristic
eukariotic urease, jack bean ureaseresented by a singlé&(cyan)unit (PDB code 1E9Z).
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Hydrogenbonding network was optimized§]. Each

model was energy minimized with explicit water
residues. Active site is capped by a flap that controlmolecules using Yasara2 force fielb], and the models
substrate ingress to and product egress from the dinicke¢re ranked by quality-&core. Thébest scoringnodel
center. Amongst bacterial ureasesly X-ray structures was further réhed by running a 500 ps molecular
of the enzymes fronHelicobacter pylorj Klebsiella dynamics simulation using Yasara2 force fieldlring
aerogenesand the simulation, sapshots were saved every 25 ps and
Sporosarcina pasteur{formerly known asBacillus rated according to the quality-store. The modekith
pasteuri) have been determingitl now [37-40]. Three  highest quality scorevas chosen as a final homology
dimensional structure of M. tuberculosis urease is modelof 3D structuredr M. tuberculosisurease
unknown.X-ray structurenas been determinemhly for Homology model building, refining, validation,
its 9 sub-unit, which unlikeU and b subunits has no molecular dynamics simulations, and analysis as well as
known enzymatic functions and supposed to serve aghe result presentation by using molecular graphics were
scaffold for the ureasquaternary complex(b)p[41]. done by molecular modeling progranYASARA
When experimental thredimensional structure of a Structure $5-61]. Additionaly, the final model was
protein is not known, dmology modeling the most validated byusing QMEAN [62-64], PDBsum[65-70],
commonly used computational structure predictioandPISA[71] servers
method is the technique of choicel?-44]. This paper Molecular dynamics MTU trimer U b was
aimedto build a 3Dstructure of\. tuberculosisurease placedin a cubic periodic cell filled with TIP3P water
by homology modeling and to study its stability by molecules. The simulation cell was 1 nm larger than the

molecular dynamics simulations tri mer compl ex along al |l
counterions were added to neutralize the system and to
Materials and methods reach ion mass fraction 0.9% NaG9[. The system was

erergy-minimized usincAMBER14 force field 2] with

Homology modeling The target amino acid @ 1.05 nmforce cutofb'rdi.spersio'n interactiorﬁp treat
sequence ofMycobacterium tuberculosid37Rv urease longrange glectrostatlc interactions the Particle Mesh
was retrieved from GenBank at NCBI -chdih(Urec), Ewald algorithm 73] was usedAfter a short steepest
100 amino acid residues (Accession AAC3707.0x€scent minimization, the procedureontinued by
GJ : 8 8 6 gIih \UreB)p104 amino acid residues&;lmulat_ed _annea}lmg m|n|m|zz_:1t|on.'l'he molecular
(Accession AAC37006.-than @yfamgspsgnglatigns were iymig NPToensemble at 300
(UreA), 577 amino acid residues (AccessiorK @nd pH 74 using a multiple timestep &5 fs for intra
AAC37005.1, GJ:886329) 45]. Potential modeling mol_ecular and 5 fs for inteanolecular forces[61].
templateswere identified by runniniPSFBLAST [46, Trajectory was computed for 6G
47] to extract a positionspecific scoring matrix from ) )
UniRef90 and then searching the PDM[for a match Resultsand discussion _
with the target sequence. The templates were ranked Homology =~ model  of  Mycobacterium
based on the alignment score and the structural qualfjperculosis urease Homology model of MTU is a
according toWHAT_CHECK [49] obtained from the honamer lgomdrimer of heterdrimers, () b)J
PDBFinde2 databas&]. Amongst the togscoring Consisting of 2349 residueig. 2). To build MTU
templates, five highesolution Xray structureswere model| f|ve_h|ghresolut|qn Xray st_rL_Jcturest bacterial
selected d6r Klebsiella aerogenes Sporosarcina Ureases with thregubunit compositiorff2KAU, 5G4H,
pasteurij and Enterobacteraerogenesacterial ureases 4 U B P, EU, 4aad 4£PB) have beenselected as
with threesubunit composition: RAU, 5G4H, 4UBP, templatesFor each template_ five stochaspc ahg_nments
4 €U ,andEPB. The templ ateos WeRCaaLdandiorgachaliggment A teigeensional
identity with the target wawithin 56.9%- 59.1%.For Model was built. Then, @ch model wasenergy
each template five stochastic alignments were creatBinimized and the models were ranked by quality Z
[51] using SSALIGN scoring matricess3]. Then for ~Score. A_quallty Zscore estimates the quallty of a model
each alignment, a threimensional model was built in relation to experimental highresolution Xray
using loop conformation extracted from the P3| Structures. Zcore is normalized to mean 0
and the SCRWL sidehain placement algorithnb4].
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Fig. 27 3D model of M. tuberculosisurease.A i homotrimer of heterotrimers (U b)a The homatrimers are
differently colored. B i sub-unit structure of the homotrimer of heterotrimers (U b)a In each
heteratrimer, U, b and 2 sub-units are differently colored.

and standard deviation 1 and indicates how margccording totheir energy andhe quality Zscore. The
standard deviations the model differs from values fdsest scoring modédiaving minimum energywvas chosen
experimental structureg-scores form the basis of mostas a final homology model of 3D structurerf M.
structure validation toolsThe Yasar&s quality Z-score tuberculosisFig. 3showsMTU heterotrimetd b cmlored
based orknowledgebased dihedral angle and packingaccording to peresidue Zscore values.

potentialsis weighted sum of 'Dihedrals’, 'Packing1D' The model of MTU was alsealidated byusing
and 'Packing3D' contributions6]. The MTU model PDBsum and QMEAN serverRamachandran plots for
with highest quality estimatiommongst 25 potential MTU heterdrimer and homotrimer of heterotrimers are
modelswas selectedlofurtherimprove structure quality shown in fig. 4.

the model was refined by short molecular dynamics

simulation that resulted in 20 snapshots which weted

Fig. 37 MTU heterotrimer U b colored according to perresidue Z-score valus. Colors range fromyellow
(bad/incorrect) to blue (perfect/correct).
(fig. 4B), 90.1%, 8.5%, 1.0%, and 0.4% of total residues

In heterotrimer(fig. 4A), 902%, 8.7%, 0.9%, and 0.2% are presentespectivelyin the mosfavored, additional
of total residues are present in the mdavored allowed, generously allowed, and disallowed regions.
additional allowed generously allowed, andséllowed QMEAN Z-score estimates an absolute quality
regions respectively.In homotrimer of heterotrimers of a protein structure by relating the model's cttal
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features to experimental structures of similar size. Theccessibility [6263]. Fig. 5 shows QMEAN score of
QMEAN's scoring function is a weighted linearMTU model compared to the experimental structures of
combination of four statistical potential terms (torsionsimilar sizefrom PDB. The MTU (query model) score is
pairwise G, all-atom interactions and solvation) and twacolored in red. Fig. éepresentslensity plotof all

additional terms describing ¢h agreement of the

predicted and observed secondary structure, and solvént
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Fig. 4.- Ramachandran plots forMTU heterotrimer (A) and homotrimer of heterotrimers (B). (Generated
from PDBsum server).
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Comparison with non-redundant set of PISA assemblies

n
C! T —
<
g
e 81 z
£ S o
2 o
(&} o
]
2
Té" g ] T query model:
s Z-score QMEAN: -025 QMEAN score = 0.74
Z-score Cheta: 2,66 (Z-score =-0.25)
S | Z-scoreall_atom:-2.14 W |Z-score|<!
K 7-score solvation: -2.73 O 1<[Z-score|<2 o
Z-score torsion: 0,15 O |Z-score[=2 : : : : ,
n Z-score SSE agree: -0.88 B query model
~ | Z-score ACC agree: -0.19 08 07 0.8 08 1.0
T T T T T T
N =97 Bandwidth = 0.03065
0 500 1000 1500 2000 2500 structures of siz:rj?sv:‘s (+-10%) residues
protein size
Fig. 5i QMEAN score of MTU compared to the Fig. 61 Density plot of all reference models used in
experimental structures of similar size from the Z-score calculation. The location of MTU
the PDB. (Generated from QMEAN server.) model (iquery modeb) with regard to the

background distribution is marked in red.
The number of reference models used in the
calculation is shown under the plot.
(Generated from QMEAN server.)

(beyond 20 nsRMSD #y values chage insignificantly
reference models used in thesZore calculation as well evidencing thaMTU global structure is quite stable

as the locatiorof MTU model (marked in rell Thus, Analysis ofRMSF values for individualraino
above structure validatiornfirm good quality of our acid residues of MTU, especially ones forlts sunith
homology model oM. tuberculosisurease. reveals their different mobility (fig. 13). The highest

In M. tuberculosisureaseheterotrimer, swunits  fluctuations are observed in the regions covering residues
U b, ando tightly interact with each other at a surface ofGly598-Asp612 andAsn520-Arg549. Residues of the
approximately3 0 0 8 Segondary structure of sulmits ~ first region form a loop situated at the periphery of the
9, b, andUis shown in fig.7A, B and C, respectively enzyme and supposed e involved in intermolecular
Topological scheme of mutual arrangement of thimteractions between the apoenzyme and the accessory
secondary tsucture elements in these subits is proteins that form the supercomplex that is necessary for
presented in figsB and9. the incorportion of the Ni ions at the active site and for

Subunit Ucontainsthe enzymeactivesitewith  the consequent urease activat[86, 74-77]. The other
two Ni atoms coordinated byamino acid residues region corresponds to heltyrn-helix motif which forms
His347,His349,carbamylated Lys4301is459,His485, a flap that covers the active site and modulates the
Asp 573, Gly490 (fig. 10). Helix-turn-helix motif enzyme activity 78-80], and thus is of thenost interest
(residues 34-545) forms a mobile flap thaovers the for our analysisin our model, the flap was in closed
active site (fig.11A). The flapof bacterial veases have conformation.
been shown toexist in closed, open and widgpen To study the possible movement of this loop in
conformations respectivelyclosing, opening and wide relation totheactive center (i.gts potentialfor opening)
openingaccesgo the active site, and thypgaying a key there was monitored the distanicetween loop center
role in the control of urease activitj74-76]. In our and dinickel centeior 60 ns As can be seen from fig. 14,
model, the flap is in closed conformation impedinghe distance between the loop and Ni atoms fluctuates in
access to thenzymeactive site(fig. 11B). time around its average Vva
Molecular dynamics study of M. tuberculosis

urease.The structuraktability of our homology model
was checked by molecular dynamics simulation of MTU
in explicit water at 300 s and te) 7, 4. During t
simulation, root mean squaredeviationsof &y atoms
(RMSD ) androot meansquarefluctuations (RMSF)
of amino acid residues of MTU were monitored for 60
ns. As can be seen from fig.12, after equilibration
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Fig. 77 Secondary structure of M. tuberculosisurease.¢ , andu represento , an®U subunits, correspondingly. (Generated from PDBsum server).
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