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ABSTRACT

Periodontitis, a chronic polymicrobial disease of the gums, affects the soft tissues and bone that support the teeth.
Porphyromonas gingivalis and Tannerella forsythia are the major human bacterial pathogens responsible for
periodontitis. They bind to and accumulate on the tooth surface, develop the biofilm matrix and form a periodontal
pocket. These pathogenes acquire heme from host hemoproteins using the HmuY hemophore for nutrition and
growth. This study will mostly concentrate on the characterization of HmuY as a unique heme acquisition system
using of biocinformatic tools to introduce it as a candidate novel drug against periodontal pathogens.There results
show that HmuY is a stable protein which is a membrane-associated heme-binding lipoprotein. The unique feature
and the crystal structure of heme-bound HmuY reveal the presence of His 134 and His 166 residues. Protein
interaction network have displayed that TonB- dependent receptor HMUR is in close relationship with HmuY. In
conclusion, we revealed molecular properties of HmuY protein that can be as a putative virulence agent during
bacterial infection. These features make it an appropriate candidate for biomedical applications against periodontal
pathogens.
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INTRODUCTION

Periodontitis, also known as pyorrhea, is a serinfiammation of the periodontium that affects gwdt tissue and
potentially destroys the bones that support ththtgld. Bacteria and the host natural responsefiection start to
break down the bone and connective tissue that tedth in place [2]. Gingival periodontal pocket lafman
enscones more than 500 bacterial species [3]. Ambeam, the red-complex bacteria consistingTahnerella
forsythia and Porphyromonas gingivalis have been strongly implicated in the onset of quintitis [4, 5].T.
forsythia and P. gingivalis are Gram-negative anaerobic bacteria which harmoaraenal of virulence factors
including fimbriae, cysteine proteinases, trypsiike protease, hemagglutinins, heat- shock protamd
lipopolysaccharide [5- 7]. In addition, these paghies acquire iron in the form of heme from host deroteins for
nutrition and growth in a hostile environment bynachanism composed of HmuY hemophore as a noveé-hem
binding protein and five additional proteins [8-]1The goal of periodontitis treatment is to thagbly clean the
pockets around teeth from microbiota and preveatsatje to surrounding bone [11]. There are seveag o treat
periodontitis such as nonsurgical treatment (icalisg, root planing, and antibiotics) and surgiteltment (i.e.
flap surgery, soft tissue grafts, bone graftingdgd tissue regeneration, and enamel matrix dévratpplication)
[12]. However, An easier way to deal with perioddrtathogens is inactivation of HmuY. The aim abtktudy
was to characterize the nature of HmuY by companati approach through silico analysis tools. Finally, we will
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be able to design new drugs for nonsurgical treatrokperiodontal disease with better understarticamrelate the
wealth of biochemical data on HmuY protein.

MATERIALS AND METHODS

Retrieval and cataloging of relevant sequence infaation

Amino acids sequence of HmuY gt forsythia and P. gingivalis was obtained from the National Center for
Biological Information (NCBI) (http://www.ncbi.nlmih.gov). A Basic Local Alignment Search Tool (BLABSwas
performed against Protein Data Bank (PDB) entriefind similar sequences (hits) that share sequsmméarity
above a threshold defined by parameters..

Molecular Modeling and functional characterizationf HmuY

Analysis tools include compute pl/Mw, a tool foredicting HmuY isoelectric point (pl) and moleculaeight
(Mw); ProtParam, to calculate various physicocheinparameters; peptide mass, a tool for theoréticdtaving
HmuY and calculating the masses of its peptide amg known cellular or artifactual posttranslational
modifications; peptide cutter, to predict cleavages of proteases or chemicals in HmuY sequereesProtScale,
for amino acid scale representation, such as hyddopity plots were used from the tools page,
http://www.expasy.org/tools/.

The secondary and three dimensional structures miu¥ protein was obtained using the uniprot server
(http://www.uniprot.org) and by SWISS-MODEL Workgga(www. swissmodel.expasy.org), respectively.

Protein interaction network analysis
Protein interaction carried in to find out the mpstential metabolic functional associations amatigdentified
choke point proteins through protein interactiotalase STRING (http://string-db.org).
RESULTS
HmuY was found to be associated with 3H8T_A, agirofrom chain A, structure d®. gingivalis heme-binding

protein HmuY In complex with heme. HmuY is composddl heme, 12 glycerin, and 8 sulfate ion molesuleat
is shown in Figure 1.
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Figure 1. Molecules in HmuY protein

The score for protein alignment between HmuY an@BHA was 397, with a 100% identity. analysis at K@BI
GenBank database showed that HmuY has 216 aminis #tat its estimated structure weight was 238294
24496.4 dalton inP. gingivalis and T. forsythia, respectively. Amino acids compositions of Hmuy timese
pathogens are displayed in Table 1.
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Table 1. The amino acid composition of HmuY irP. gingivalisand T. forsythia

Amino acid  P. gingivalis(%)

T. forsythia (%)
7.4

Ala (A) 6.0

Arg (R) 2.3 1.9
Asn (N) 3.2 4.2
Asp (D) 6.0 6.5
Cys (C) 1.4 0.5
Gln (Q) 3.7 14
Glu (E) 6.0 6.9
Gly (G) 10.2 5.6
His (H) 1.4 2.3
lle (1) 3.7 5.6
Leu (L) 5.1 5.1
Lys (K) 9.7 14.8
Met (M) 2.3 5.1
Phe (F) 5.1 5.1
Pro (P) 4.2 2.8
Ser (S) 6.0 4.6
Thr (T) 8.8 7.9
Trp (W) 1.4 1.9
Tyr (Y) 5.1 2.3
Val (V) 8.3 8.3
Pyl (O) 0.0 0.0
Sec (V) 0.0 0.0

Initial structure prediction showed that HmuY hal @ositively charged residues (Arg + Lys) and 2@atively
charged residues (Asp + Glu) b gingivalis and 36 positively and 29 negatively charged ressdaT. forsythia.
The very high aliphatic index was 64.49 and 7260 instability index (1) was computed to be 16a6fl 16.61 in
P. gingivalis and T. forsythia, respectively.ln modelled secondry structure (Fig. 2), alphadedliresidues has
dominance over other secondary structure i.e. foeta-gamma-turn, beta-hairpin, and coil.
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Figure 2. Secondary structure prediction of HmuY potein

Three dimensional structures of HmuY have beenmgéed by SWISS-MODEL Workspace (Fig. 3) and itsliqya
was confirmed with ProsaWeb server (Fig.4).
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Figure 3. A). Three dimensional visualization of te modelled structure of HmuY protein by SWISS-MODEL Workspace. B). Contains 4
copies of Protoporphyrin IX containing Fe in assmb}. C). Contains 8 copies of Sulfate ion in assembli). contains 12 copies of Glycerol
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Figure 4. A). Overall model quality with ProsaWebserver. B) Local model quality with ProsaWeb server

Its theoretical isoelectric point (Pl), extincti@oefficient, and grand average of hydropathicitjugawere 6.83,
33015, and -0.448 respectivelygingivalis and were 9.23, 29450, and -0.427 respectivell. forsythia. There
results show that HmuY is a stable protein. Hmu¥risllB-protein constituted by 18-strands. N- and C-terminus
are located on the protein surface corresponditigeegpalm and they point toward the wrist.
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Figure 5. A). Histidine sites in HmuY protein (yelbw color shows histidine), B). Sites of other aminacids that are surrounded the HmuY
protein

The unique feature of the HmuY heme pocket is tfesgnce of His 134 that is surrounded by Tyrl27t1R1@
Met136, and Pro168 and His 166 is encompassed &y38h Phe164, Prol171 (Fig. 5).

Protein interaction network have displayed protethsir length and type of relationship with HmuYotein (Fig.
6). It has several predicted functional partnechsas hemR (TonB- dependent receptor HmuR), PG_(G6BN/
magnesium chelatase), PG_1556 (hypothetical piotdtG_1237 (LuxR family transcriptional regulator),
PG_1555, PG_1554, PG_1685, PG_1302, and mfa2 (msticdl protein), and PG_1019 (putative lipoproteirhe
highest and the lowest scores belonged to hemBEa&nhd PG_1302 (0.596), respectively.
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Figure 6. Interaction network of HmuY protein by protein interaction database STRING
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DISCUSSION

There are numerous microorganisms in oral caviy #ne differ among individuals, reflecting diedympling times
of day, and geographical locations [5, 13]. Humaal ™icrobiome Database (HOMD) (http://www.homd.fris
one of the most important databases of taxa preeetiie oral cavity [14]. Among other microbiotaat cause
multiple diseases such as periodontal diseaseplpiathe pathogens such Rsgingivalis andT. forsythia appear in
periodontitis [5]. As a keystone pathogens, thegdmhost immune responses and destroy tooth-stipgdissues
[2]. In infective process, these pathogens must gatrients to survive and replicate at the infatsite, and among
such nutrients is heme [8].

Use of systemic antibiotics immediately after nogsal treatment can increase the degree of climttachment
gain and probing depth reduction [15]. Recentlg, tise of conventional antibiotics is limited dughe emergence
of antibiotic resistance [16]. So studies havettedesign of new drugs.

According to information obtained from previousditts, the heme can be considered as a drug target§]. This
is an iron-dependent cofactor of several esseatiaymes and proteins. Heme is release from hose-fémaing
proteins ofP. gingivalis and T. forsythia through the action of proteases and transporhéobicterial cell [19].
HmuY has been identified in other bacteroideMici(oscilla marina, Prevotella intermedia, andBacteroides from
the specieswvulgatus, fragilis, ovatus, thetaiotaomicron, caccae, stercori, and coprocola), proteobacteria
(Plesiocystis pacifica, Sigmatella aurantica, and Myxococcus xanthus), spirochaetesLgptospira biflexa), and
chlorobi (Chloroherpeton thalassium) [20]. HmuY is an outer-membrane associated liptggn which encodes a 23-
kDa protein that consists of 216 amino acids. Caatpge analysis of the predicted secondry strucafreimuY
protein displayed that it is present outside of ¢b#. Subsequent inhibition of HmuY protein, baiztewill not be
able to gain nutrients such as heme and the reduofi bacterial survival may occur following thessgoof HmuY
protein. So, it is noteworthyn that HmuY is a pivatvirulence factor that can be a good potentraigdtarget
against periodontal pathogens.

CONCLUSION

These data on structure and function of the Hmwemés binding protein, which may have also a roléha host
immune responses and in interaction with host cefiay lead to the development of novel pharmacalutic
treatment. The high stability of HmuY protein hdeen acquired by its inimitable structure makesiappropriate
candidate for biotechnological and biomedical aygtions against periodontal pathogens.

Acknowledgement
The authors would like to express their deep thaolal staff of School of Medicine, Tehran Univigyof Medical
Sciences.

REFERENCES

[1] M. Enersen, K. Nakano, A. AmandQOral Microbiol, 2013 5, 1.

[2] X. Zhou, X. Liu, J. Li, RM, Aprecio, W. Zhang,. Li. Clin Oral Investig, 2015 19, 937.

[3] J. Mysak, S. Podzimek, P. Sommerova, Y. Lyuya-MBartova, T. Janatova, et almmunol Res, 2014 2014,
1.

[4] C. Bodet, F. Chandad, D. Greni®athologie Biologie, 2007, 55, 154.

[5] N.Chiniforush, M. Pourhajibagher, S. ShahahiB&hador. Lasers Med Sci, 2015 6, 139.

[6] JR. Siqueira, IN. Ré¢caBraz Dent J,2007, 18, 267.

[7] JR. Siqueira, IN. Ré¢ad.Oral Microbiol, 2009 10, 1.

[8] T. Olczak, A. Sroka, J. Potempa, M. Olczakch Microbiol , 2008 183, 197.

[9] NT. Nhien, NT. Huy, M. Naito, T. Oida, DT. UyeM. Huang, et alJ Biochem, 201Q 147, 317.

[10] CA. Genco, BM. Odusanya, G. Brownfect Immun, 1994 62, 2885.

[11] M. Hussain, CM. Stover, A. Duporiront. Immunol, 2015 6, 1.

[12] R. Lu, H. Meng, X. Gao, L. Xu, X. FengPeriodontal Res, 2014 49, 574.

[13] M. Avila, DM. Ojcius, O. Yilmaz DNA Cell Bio, 2009 28, 405.

[14] FE. Dewhirst, T. Chen, J. Izard, BJ. Past€ZRA Tanner, WH. Yu, et all. Bacteriol, 201Q 192, 5002.

[15] M. Pourhajibagher, A. Bahaddder Pharma Chemica, 2015 7, 196.

[16] M. Pourhajibagher, S. Gharesi, R. GhorbanzabehPharma Chemica, 2015 7, 243.

[17] H. Wdjtowicz, T. Guevara, C. Tallant, M. Oldza\. Sroka, J. Potempa, et BloS Pathog, 2009 5, 1.

[18] A. Gmiterek, H. Wdjtowicz, P. Mackiewicz, M.a@wan-Oczko, M. Kantorowicz, M. Chomyszyn-Gajewska.
PloSOne, 2013 2, 1.

375
www.scholar sresear chlibrary.com



Abbas Bahadoret al Der Pharma Chemica, 2015, 7 (12):370-376

[19] H. Wdjtowicz, J. Wojtowicz, M. Olczak, J. Kiokewski, L. Latos-Gra-zynski, T. OlczaBiochem Biophys
Res Commun, 2009 383, 178.

[20] JP. Lewis, K. Plata, F. Yu, A. Rosato, C. Aadylicrobiology, 2006 152, 3367.

376
www.scholar sresear chlibrary.com



