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w__.aﬂ.ﬂn_,”wﬂm =\H ﬁﬂmpv.haa ﬂ.inww..:_; %S:.nm:; is a flavin-dependent monooxy genase that catalyses the hydr
! i m..\. aw roxy .w_ﬂ.::_:n _.m .mmf_mmna:ms__v in%_.voa.nn into hy droxamate<ontaining uEnSﬂroﬂw .
pal nicity . fumigatus is dep on the availability and function of sid 0 i
o~.§n siderophore biosynthetic pathway may significantly affe i s fangus n._‘ou:o_.nm. e
”,.”_“. uw”.ﬂumruummm nosmm.anwna the key Enmnm ?W. hib . mEMM_. _Mn. ,._._._u_mm_n.now...m.n_“_nm_h___ﬂwm_n“nm.h_“_\._»zv“m__w”nw no:.—w_
mo_.:wo_wzam_ j_n_ erent .:m&:% allowed the in-sifico screening of a large :v...m...,. of drugs. natural u._da:nﬁc.”acn mm.z.
cor monsu_.. H..q.n_.unz_:m results were sorted by the absolute and normalized binding energies and then _._. d noed
ion of at least one hydrogen bond to the part of the omithine binding u:nqz:r several ra_.omn.:_n“:a Comas

The top hits have average molecular weights
T A r weights of 200 Da and free energy of binding of -7.5
highly soluble nitrogen- or oxygen-rich and make scveral hydrogen bonds with residues in M:_n,nwun_—ﬂm _mz._n.: M.. nmﬂﬂ%o .
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1. Introduction

i.1. N-omithine hydroxyiases as targets for treating fungal infections

10| idA) i . . o
&w”mnﬂw_hm“u% Mm_nm:wﬁd\u.__,iaﬂz_m_._ ng flavin-containing monooxy genase (NMO) that catalyzes the format
..ar._.o“.,_,_o_.nm e v_ in _.q” c.cm.«a_,_nm_m of _,_vmaozwauﬁ.nozsm:m:m siderophores in bacteria and fun
ramralian how: ducing _”“ u“.. :o_mm_: iron chelators [3, 4] produced by invading pathogens to scavenge iron free
reillus fumigatus _,_u<m.¢nnw.n _:oz .~ , 6] Ivd_.cmmamﬁ.no:s_:_sm.maa_,ou_,_o_,nm in some lungal munnﬂom mmnr
of invasive mmun_,.mm:o&m, q_..n_:.ﬂ._vMw w_:m%oav._nam.mwwaa—_m_,_c”mmwmp”.ﬂ%mq%m_m_ {7.8]. 4. .\:.E.in::. is responsible .ﬁo_. ahe -
ssentiai for pathogenesis of 4. fumigatus, (.m_Em::M this n:Nv.:_".. M_m:mm Mo_pww:.“__,mw:nh_”w___.wh_~m%\_ﬂ__&m been shows
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Scheme | General rzaction cataly zed by SidA.

1.2. Structure and mechanism of SidA

stal structures of SidA in complex wi i i i
plex with several ligands including ornithine. Iy sine inine i i
_ . gan g ) , and al idir
Mn&ow_wwm MMM_”:pEo _u__dwgnn _“.._‘ absence of NADP™ were recently solved by x-ray cn MWMHHML“h”n_WM“a e
codes cture along with related details are listed in Table 1. The stru ure of SidA i obe
: : th re [ . structure of SidA i

MM.._M..BQ.,:_M. three main moam_.zm including an FAD-binding domain, /...»U_u..cm:&-_m_aozﬂmw.‘n“__mﬁn _=“vu
.mua Mﬂwﬁ UA L,m.z_%»_wv.__.._:_‘mn _BM.S conformational changes in the structure of’ SidA can be ocm._"_é& ME“M;..
d i , including an approximate 180° turn in the amide grou icotinami ~
o b inclu group of nicotinamid &
nated N3 of the isoalloxazine ring to make a hydrogen bond with the carbonyl group (O) of a_n%mﬂ””_ﬂ_no%up

ains aimost :..n:gmn& upon reductiol A} €r su Te ar f formatie
0 remai n; even after substrate binding there a i

€ no stgnihicant con
es observed and the RMSD values calculated for the Ca do not exceed 0.3 A for all conformations :w_
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addition. Argl144, which is expected to be involved i indi _

< di O X 'ed in the binding of NADPH. and Met101. which is in v {
distance of the isoalloxazine, move away from the binding region of FAD and Z>A_uu_v._~._,w“=m_w._,_“m _,_Hm.,wﬁ.nfﬂ.
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Table | Structural details of SidA conformations in complex with different ligands and at different redox states. The active site water
~olecules interacting with figands in each complex are also indicated.

”%a xnm.m_&n_o: Redon State m_n‘ah“ w& Ligand z!mho.—\z_ﬂua.siu i!l“-ﬁ In n_.”u_._
4863 19 Qxidized NADP” Orn NS (FAD)...N (NADP) 32/41/42/28
4864 2.28 Oxidized NADP” Lys NS |FAD)...N (NADP) 42

4865 232 Reduced NADP(H) NA NS (FAD). O {(NADP) Not available
4866 29 Reduced NADP(H) Arg NS [FAD).-O [NADP) 48

4867 2.75 Re-Oxldized NADP’ Orn NS (FAD). O (NADP} Not avallable
4868 2.29 Re-Oxidized NADP' Arg N5 (FAD)..O (NADP) 28/41
4869 23 Oxtdized NA Orn NA Not available

1.3. Amino acid binding domain of SidA

dA is selective for L-omithine but is also able 1o hydroxy late L-lysine with an 8-fold lower rate relative to omithine.
-Arginine enhances the formation of a Cda-hydroperoxyflavin intermediate but is not a substrate for hydroxylation

4-16]. These three ligands have the same binding site in the main cavity of SidA [13]. In Fig. 1B, omithine is
resented in the binding site where its main chain makes a sall bridge to Lys107 and hydrogen bonds to Serd69 and
Asn293 and the amino group. Phe296 makes a hydrophobic interaction 1o the side chain ol omithine. The site of
vdroxylation of omithine (N5) is within hydrogen bonding distance 10 the hydroxy! groups of the 2'-hydroxyl of the
bose in the nicotinamide ring and Asn323. The structures containing ornithine, lysine, and arginine are superimposed
in Fig. 1C. All three ligands are awached in their expanded conformations. The binding site residues show no significant
sructural adjustment in response (o the binding of different ligands but co-crystalized water molecules present in the
active site vary in each complex (maybe due 1o the weak electron densiiy). In Fig. 1C, the water molecules that are in
hydrogen bonding distance of any ligand are illustrated and are listed in Table 1 as well. Most of the water molecules in
ine binding site mediate the formation ot a hydrogen bond between the ligand main chains and the protein. One of the
.ater molecules of interest is the one obsen d in the oxidized SidA with omithine (PDB:4B63) and in Lhe re-oxidized
ate in complex with arginine (PDB:4B68). The water molecule has the same position as expected for the distal oxygen
I the Cda-hydroperony flavin intermediate (water 28). In Fig. 1D. the proposed conformation of the intermediate is
shown. A hydrogen bond beween the carbony | of NADP™ and the N’ of the reduced flavin and a hydrogen bond with
the ribose sugar of NADP” stabilize the C4a-hy droperoxy llavin intermediate

7 FAD banding
\ "n

8 Fig. 1 A) The threc main binding domains of SidA.

including the FAD binding domain (cyan), NADP(H)
binding domain (blue), and omithine binding domain
{pink). B) Omithine binding domain in the active site of
$idA {(data taken from PDB 4B67). C) The position of
water molecules in the active site of SidA. The available
conformations of SidA-ligand complexes were structurally
aligned and the water molecules available in different
structures are colored with the same color of corresponding
ligand (amino acid) of that structure. Arginine, lysine and
omithine are represented in  green, pink and cyan
respectively. The water molecules, which appear in the
same position are named with a similar arbitrary number (as
it is in Table 1). D) Proposed conformation of the Cda-
ha droperoxy flavin  intermediate of SidA. The hydrogen
bonds made by the ligand (omithine) and NADP’

(hydroxy! group of ribose} stabilize the peroxide
intermediate.
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2. Methods

2.1. Docking ‘Screening procedures

Al the docking and s i ies in thi
creening studics in this work wel d i
o o e e 2 : ere con ucted using AutoDock-Vina [17] and i
i, u:amn.mwmn_m:cn., M\_»oﬁmo.,_wmm” wom_Mn__.u.u {18]. Three Vina replicates were QM:Q__Q& .ﬂ.w .nnm_m._,_mmﬂun_._.m
i 1o the i g N gle run was performed lor screening. For sl i
B o s ::ﬂ.,m_m__,ﬁmn_anmwms_ structures, n:nam.fa_:ma_nna structures were also evaluated _ﬂ_nn.wmqw _ iom_n_._nmm_am.
5::5 o and uniiean momsﬂ_‘nnﬁﬁomr;_aa— wmu‘.o:ﬂ& using united atom Gromos96 53GA6 ‘.o_..naA fields m__:o:__m:_un:ozm ed
5. ackage [20]. Belore simulati issi " Si bl g
j ihe Gromacs 4> packag ¢ ations, the missing loops of SidA stru ilt usi
e _.o_w_._“_vnm :MBQ Mn.ﬂ“ ﬁﬂuzﬁ% _mw_.ou refinement in Modeller 9v7 [22] and the partial _,nmacnmn—.,:.”wnm M, - _c:_: i
e of proteing o :Q.n.oca_—m, n__q om:nnamu__moo_‘ﬁ:_,n:.“ cmna r_., e__.su for finding favorabic positions of :muzmws _“”._n—__.nh_ h_nm__.sw
ydrog s into its calculation. h: i 2 -
e : . however, the proton ive si i
mo:mﬁc_nﬂaanmuw_wunﬂa wzu assigned correctly before docking. H-~ programs B..__. s,n,‘nm,.__Mn_Mm”M—m o.:n_:n e _,omac.ﬂ
access the impact ' w an :.5._ polar 3 drogens were added using pdb2gro tool of the Gromacs A é.__._nm .
Bcess e szmv %m cﬂ_..:n_:aamw:m.a_nm on ligand binding and screening. a set ol short Zo_MM”_mw”.u:__u. ._= ma.a_:o:.s
RMSD chstoing were %ﬂﬂ ~n m.a>. (PDB: 4B67) was mosacnﬁa and twenty snapshots ,.:. MD ”B.nﬂ.,o:.maﬁm o
il eCitain m:M Mh_w.ﬁ_%__:n.n:oﬁ of active site local changes on ligand binding. mﬂmsa_,_wwnuwmhm -
on, R ! roduction steps were setu ous! ib 5. o
A p as previously described [23]
As . no significant conformational ch is i i it
bt e gnific: m al change is induced in the active site of Si i
indy um_cmﬁ e %;NM “w_nn ﬂw.c.__a in co& oxidized and reduced states in the presence or ucmgnw W..ﬂ»»“ﬂn % nmea
e e o _mx_ox_%\»__,_on.ww >=M=..mm=a {26]. as pant ol” AutoDock tools [18]. was used to m.nw:,._,_ EM ”. _M._w
o a8 A was %v:nﬂmmc _nM_M-_m_WNn_”_,_n r:..a_:m. site and the entire entrance ol the protein while m___“._._nzm
ot ) caleulate the cavity size including both ligand bindi i >
o Q._m:< " Bhrmnzww_& of domain for binding of nicotinamide-beta-riboside plus one v:oma%%naoams i z.>D_v
nwis&:.m o mzm_nanm connected o :._m entrance cavity that lets molecules larger than Mmm:amm_‘o:E_.. o _.:_a_:m
e ractions (o both the binding site and the entrance cavity. In Fig. 2 sha 3 the six o
emnal cavities of SidA are illustrated. . ‘6.2 the shape and he size of these

Fig. 2 Surface presentation of the binding site caviny
and the entrance cavity in the SidA structure as
mu_nc_Enn by Autol.igand. The cavities are no_ohm
in a.w; blue while the rest of the protein is tiustrated
in light blue. In the box. a side view of the cavity is
WMMM”MM and the omithine molecule i3 shown as the

2.2. Ligand library construction

All the libraries used i ing i
hdrogen bond awaohohm__m:n_ amnzgsm include only compounds that follow Lipinski's rule of live Inat more than 3
and logP less than 5) [27, 28] ._«:Mmﬂc””ﬁm ﬂnMM:%a. Lza:.,n:. mwan_cqam. their molecular mass less than ﬂoo_,aaw:w“_mu
source catalog si X sere i ice into three main categories: ) Drug an s-like: i .
Discovery A_._m:o_hm MM_WE%WM__, m_%v_ﬁ.w n_a. n/vn_._ﬁna.m_. nutritional) and CheMBI. Drugstore muaomﬁ__.._m_ﬁ_,ﬂﬂ__mw.msm
. ° ~OU, slightly more than 73.700 7N = g
included in th includi - than 73.700 compounds. 2) Natural product: The
Nebhe, TmTec, and Ambm including natural derhvafes and products provided by the compound braries o indofine
: s g inter with 2 total of over 68.342 co T tes ol indolinc.
were selected based X D2 mpounds. 3} Synthetic library. a set
the current ligands ow:m,mmﬁ\_»..nwy:ap_:m:“vn:_nm such as solubility (solubility not less than | mM) and M_LMMMM___:JQE_.% et
library of syotheti . As this ;.55 does not include compounds from the two other categories it i similarity to
PRy ic compounds and includes 322,550 small molecules, All th A gories 1l 15 considered a
atabase [29]. / e catalogs were taken trom the ZINC
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3. Results and Discussion

3.1. Docking analy ses for re-docking and cross-docking

Re-doching and crass-docking of co-cn stalized ligands is the [irst step 0 be examined 1o evaluate the reliability ol the
software for in-silico screening and determine the parameters needed 0 be setup such as charge distribution. Re-
docking and cross-docking mainly help 10 identify and select one SidA structural mode! that would be appropriate for
all screening studies. All seven SidA complexes were € aluated by this method (Table 2), including the binary structure
%Um?.m%.g NADP bonded) that has the ligand (omithine) bound in the same position as it binds to the temary

conformation (with NADP'. PDB:4B67).

Fig. 3 Re-docking and cross-docking results from docking of different uam:oﬁam.Ec_rnun:a.nw.__n o~m&>m=5nu3mo=nno_.3
crystalized water 32 and or “new water” 69. Ormithine in cyan is shown in all three figures as 3 reference (taken form PDB: 1B6”
A) Presence of both wat6¥ and watd2 is required for correct re-docking of omnithine (omithine in blue stick). Remosal of any t»
other water molecules fed to the upside-down docking arientation of omithine (presented in line format). B) For Lysine. although th
presence of both water molccules gives decent cross-docking results (lysine in blue stick), the effect of wat69 is smaller and tn
presence o only watd2 may prevent the upside-down docking (Lysine in orange line itlustratin). C) Presence and absence of wato
gives two orientations of Arginine after cross-docking. in green and blue stick. respectively. Regarding the orientation of Arg ¢

PDB:4B66 or PDB:3B08. both oreinations can be accepted.

Almost all the re-dockings and cross-dockings in the absence of any water molecule failed to properly dock th
ligands. The ligands bound in an upside down orientation in the binding site, with the amino and carbox; lic grouf
interacting with NADP’ instead of with the side chain (Fig. 3 and Table 2). Adjustment of charge distribution in tF
active site for reduced or onidized protein, taking neutral vs. positively charged ligand and/or energ) minimization ¢
protein structures did not improve the re-docking RMSD. Among the structures, PDB:4B69 (with no bounded NADP
shows lower values for RMSD although it was still jarge enough to seek other conditions which may improt
orientation of the figand in the active site of SidA. In the next step. all conformations were subjected to re-docking af
cross-docking with all the co-cny stalized water molecules av ailable in its binding site. A considerable improvement W
obsen ed but still not close 10 the ligand orientation in the crystal structure. Considering the position of water molecul
in MD irajectorie found that the addition ol one water in the hydrogen bond distance of N5 of omithine yiel

we o
perfect cross-docking and re-docKing (Fig. 3A). This water molecule is named wat69 and in all MD simulations of Sic
169 can be observed. Elimination of other co-cry stalized wat

conformations a stable water molecule equivalent to wal

molecules one-by-one specified that co-cry stalized watd2, beside wat69, is also required for perfect re-docking a

cross-docking (Table 2). These two water molecule get less effective when increasing the size of the ligand. ©

instance. arginine binds with an RMSD less than one in the absence of wat69. These data are consistence with docki

studies performed using PyvdA conformations (ornithine hydroxylase from Pseudomonas aeruginosa with 41% ident
structure in complex 0 ornithine, Re-docking 2

o SidA [30]). No water molecule is reported in submitted PvdA
cross-docking of omithine only gave back the accurate positioning when the above two water molecules were added

the equiralent positions in Py dA structures (data not shown).

¢ FORMATEX 2003
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_.w_w_n 2 Values of .ﬁ.{wc ...5 A) and free cnergy of binding (AG. in Keatmol) for re-docking and cross-docking studres vy o
\vailable conformations of SidA. The values in red show re-dockings and the values in black are related to cross-dockings. e
PDB Code
=3 | Waters | Values | 4B63 | 4B64 | 4Bes | 4B66 | 3B67 | 4B68 | 4869
et RAMSD | 2046 2236 2715 2,105 151 2.742 1064
oo AGh -4.9 +5.2 =53 -5.0 -5.1 -5.0 -4
Far- RMSD | 2112 0884 1437 2081 2Hi2 2133 0876
6942 | 46, | 50 54 47 .83 53 50 50
Nowwat RMSD | 2203 2223 2663 2296 2207 2272 1227
Lys 4G, -5.4 -$.4 -5.4 -5.1 -5 3 -5.2 =50
War- RMSD | 1.003 1.002 1303 0778 2240 0731 O0R8
692 | 4G, | -56 871 .50 58 58 54 33
Nowwal RMSD | 1.028 1870 222 2019 2083 2397 .19
Are 4G -6.4 -6:1 -6.3 6.2 -6.4 -6:2 -6.0
Wat- AMsD | 1136 LIST 2337 1255 2314 2471 LS
6942 | 4G, | 64 66 37 64 60 6 64

3.2. Analyses of virtual screening output

3y analyzing docking and re-docking results, PDB:4B67 (with NADP” bound) and PDB:4B69 (no NADP” bous’ w0
«elected for conducting screening of large-scale libraries using Vina [25] on HokieOne and Athena mcvn?,....q.‘. .
“lusters at Virginia Tech. Vina output for each tested compound includes the frec energy of binding sorted for & :
10s€s o.‘. that compound in the active site of SidA. Typically, the larger the compound the higher the binding enem=

woid biased sorting, the most ncgative binding energy for cach compound was normalized by div iding it by th i
»f heavy atoms of that molecule and the final sorting method was optimized based on com: absolute and ner
.:o..‘mmnm. Lys107, Serd69, and GIn293. which make hydrogen bonds to the main chain of the ligands, are Lo ,.a .
esidues that make a region that consists of only hydrogen bond donors in the SidA acuve site. Wis nx.vnn_nn_ o ;
‘ompound with a high free energy of binding will make at least one hy drogen bond in this region through its ‘u..

sond acceptor groups. Thus, a restriction was applied (o the screening output: the docked compounds should Faes
wwumawqmmu de_.omn: bond donor (O, N, or F) in the hydrogen bond making distance (3.3 A or less) to Lys107(»+ 4 "
ser. .

\.»m described above, the grid box defined for docking was large enough to encompass the main binding =
‘ntire enzyme entrance, and the nicotinamide-ribose binding domain (in case of PDB:4B69). Even though al -~
ox was used, cross-docking and re-docking showed that the small ligands (Om. Lys and Arg) only bound to the =
sinding site of SidA and not to the other cavities. However, the screening results included noa_uw::am that pri=
»ound to the entrance or the NADP™ binding domains. therefore, other filtering criterion was applied to se L
locked molecules that bind only to the main (orithine) binding domain. N
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i 3 The top hits of virual screcning of SidA 3
2~ cnergies with the prime symbol are
w3 energics in the presence and absence o

the abso

gainst different libraries after sorting by binding energy
Jute free energy of binding and the other values refer t
f water molecules are also compared.

and applying criteria. The
o the normalized one. The

Binding energtes {Kcal/mol) {
Generic SidA/ SidA/ Sidn/ Sotubllity
Zrch Nope | Motecularstructure | youge | waeez | watso4z | (mofy
2069223016 | Milrinone PN 86,054 | -67,-048 | -60,-043 | 3.20€-02
Ay
2INCO6165883 |  Actarit (L 7.4,.053 | -66.-0.47 | 62,-041 | S.18E+00
Drug and AT
Drug Uike
2INCO0897369 | Nitrofural | . 1 74,053 | 69,049 | -6.4,-046 | 280€-03
ZINC00B95199 | Levodopa A H) 93,052 | 74,053 | -64,-046 | 140£-02
ZINC00901774 | Willardiine ST 90,050 | 71,051 | 4.6,-033 | 220602
LA L
2iNC004203591 | Securinine . X 76,051 | -65.-041 | 54,034 | 4.60E400
Natural <
Products —
21001833026 | Aflantoin ={ 1L 63,057 | 66,069 | -7.0,.064 | 9.10€-02
4A| V.l
\ﬂ. 1
2INC03860635 | Mudicacid | T 63,045 | -6.4,-046 | -6.7,:0.48 | 4.76€+00
Ll
NCD1S0256 | LAGOM | T 70,-054 | 69,-063 | 66,051 | 110801
ZiCG0G67496 B e | gy 059 | 86, 061 | 89,084 | 1.106-03
yntheti Sardm
Compounds S "/.\.
2INCD3662018 _ = ) 79, 061 | 81, -062 | 83, -064 | 150603
N T
ZINC28629431 _ S 7.4, 057 | 1.7, -059 | -80, -0.62 | 200E-01

" ¢ FORMATEX 2013

Table 3 shows the selected top hits with their binding energies for each prepared library based on the above criteria.
¢ theoretical solubility ol each compound as calculated by Advanced Chemistry Development (ACD/Lab) shows that
“c final hits are considerably soluble (in the range of millimolar to molar). Predicted docked conformations for four

pounds in Table 3 are exemplified in Fig. 4. Thesc figures show that the selected top hits of virtual screening will
low the same hydrogen binding map in the active site of SidA as the ligands. The presence of Phe296 in the active
. makes the staking hy drophobic interactions Tavorable; as a result, most of the docked molecules with large binding
mergy have an aromatic group or large alkyl chain (similar to Lys or Om) as a main part of their structures.
~terestingly , the top hits, mostly, have a nitrogen-containing group that is oriented the same as the amine group of Om
=d Lys (N6) in the active site. The only issue with these resuits is the very small variation in the size of the selected
“nal compounds. Since the docked compounds are tiltered out based on binding to the main binding site of the protein

' snd not the entrance cavity, the group of small molecules that only fill the cavity of the binding site were among the

trates. To overcome this issue, considering the total number of’ hydrogen bonds made by the small molecules to the
grotein may help. These top hits have free energy of binding on average of -7.5 keal mol (Ki = 3 uM), which is ~2.5

' feal/mol more stable relative (o omithine. If the direct output of screening is sorted based on the absolute binding

energy, some large compounds (MW > 350 gr mol) with binding energies > -11.0 Keal/mol will be observed among the
p hits. However, analyscs of solubility show these compounds, which usually consist ol too many aromatic groups,

3¢ almost insoluble in biological buffers (solubility in range of uM or less).

L FORMALEX 2013



4 Examples of docked structures from the top hits of screening in the active site of SidA in the absence of any water (t

sounds are highlighted in red in T 3) ] i i
e .E.m__ in in Tablc 3). The hydrogen bonds formed by the docked structures arc illustrated in red (hydroges

3.3. The role of water molecules in docking results

mn.:ua:m.:mm were performed in the presence of both wal69 and wat42. only watd2. and with no water molecul
ctive sitc of SidA (Tabie 3). Since there is no reference structure, RMSD values for cach compound in the pre "
absence of these water molecules cannot be calculated and compared: however, the free energies of bindin

2d molecules when there is no water in the active site is usually higher refative to docking in the presence of ,w
cules, w:&.nwznm that the water molecules fill considerable space in the active site that does not allow the ao_...y .
ﬁ::aw.,o interact with atoms/residues. Visual analyses of molecules in the active site show for some compon
srientation of the molecule in the active site is extremely affected by the presence of water, while woBW st
cules bind similarly under any condition. For instance, ZINC00967496, which is one of top E.W from the synt

v, nom:.mcsm itself in the active site so that it is trivially affected by water molecules (Fig. 3), while water indues
ge reorientation in the docking position of ZINC09224016 (with the generic name “Milrinone from the T.:‘
). The water molecules are required for perfect re-docking and cross-docking, but their role in the bindin v
compounds is not clear; thus, the safe margin in selecting the docked molecules from screening results is t I
10se compounds that capture the same orientation in the presence and absence of water molecules.

« FORMATEX 2013
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Fig. 5 Comparison the role of water
molecules in the docking results. A) The
presence of water molecules does not affect
the orientation of the ZINC00967496
molecule in the active site. The main
hydrogen  bonds  and hydrophobic
interactions can be scen in both dockings.
Figure shows the overlap of the LigPlot
(Wallace et af, 1995) of ZINC00967496-
SidA complex in the presence and absence
of water molccules. B) In the presence of
water molecules, ZINC09224016 prefers an
orientation completely different from the
one in the absence of water.

4. Conclusion

4. fumigatus virulencce is dependent on the reaction catalyzed by SidA (hydroxylation of M-omithine). Its role in
pathogeneses, in addition to the Tact that the active site of SidA is conserved in closely related invasive siderophore-
dependent bacteria and fungi and not present in humans, make SidA a promising drug target. Currently, there are no
zeports ol inhibitors with high affinity for SidA. In this swdy. the high resolution crystal structures of SidA were
subjected to high throughput virual screening against large libraries of drugs, natural products, and synthetic
compounds. The raw results were filiered based on the positioning along the binding site and formation of hydrogen
sonds 1o the consened residues. The top selected hits are able to make several (at least three) stabilizing hydrogen
bonds to active site residucs and NADP. Based on absolute and normalized binding energy, visual analyses of binding
the active site, number o hy drogen bonds made by the molecule to the enzyme, and availability of biological studies
r lacking of any report on loxicity, three compounds are linalized as the main candidates for inhibitory studies from the
top hits of each library. Milrinone (ZINC09224016) [31]. which is an inhibitor of phosphodiesterase and works as a
medicine to increase the hear's contractility, Nitrofural (ZINC00897369) {32], a bactericidal compound, and
/INC00967496 [33]. a synthetic compound can be considered as molecules with high potential for inhibition of SidA
activity.
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Integrative Conjugative Elements (ICEs) of the SXT/R391 group as
vehicles for acquisition of resistance determinants, stable maintenance
and transfer to a wide range of enterobacterial pathogens

P. Armshaw’ and J. T. Pembroke'
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l.onsdale Building. Universiny of Limerick. Limerick, IRELAND. Email: tony pembrukeia ul.ic, Tel.: 353 61 202491,
fax: 353 61 202568

Integrative conjugative clements (ICEs) belonging to the SXT R391 group of mobile drug resistance elements are
predominantly found in enterobacterial pathogens of human and waterborne origin. A key feature of such elements is their
ability to stably integrate into their host prfC gene, initially wuncating the gene but restoring pr/C function by generating a
novel hybrid prfC gene upon integration (1. 3] Such swble integration inlo the g of host orgal has
C q for the ¢ and spread of encoded antibiotic resistance determinants. We have surveyed the nature
of prfC genes containing the unique SXT/R39! group 17bp integration site and demonstrate the breadth of possible ICE
hosts amengst the enterobacteria. Many ICEs encode a range of antibiotic resistance determinants which appear to become
associated with particular g through transposition or targeted integration into specific ICE hotspots [3.4). We have
analysed the nature of these antibiotic resistance determinants amonyst sequenced ICEs and have observed specific
patierns of resistance and resistance determinant Jocation. Interestingly, many ICE clements encode rumAB genes, which
encode a mutagenic polymerase, polV' that appears to be a targeted hotspot for insertion of many resistance determinants
[5. 6). A rational for insertion into such hotspots is discussed.

Keywords: SX1 R39}-like elements: hotspots: mobile multi-drug resistance

1. Introduction

1.1 SXT/R391 family of Integrative Conjugative Elements

while genetic elements play an imporiant role in the generation ol diversity and the dissemination of advantageous
15 across bacterial populations, increasing indiy idual strain fitness as they spread. Classical well-characterised

Th

“nilies of mobile elements include plasmids and bacteriophage. Integrative Conjugative Elements or ICEs are a more

 =cently characterised class which encode functions similar 10 those of plasmid, phage and transposons on the same

ment. ICEs are related to transposons as they site specilically integrate into their host genome, arc similar to
~smids as they are capable of stimulating their own wransler between bacterial hosts by conjugation and have
“aracteristics of bacteriophage as they encode phage-like regulatory genes. ICEs are thercfore defined as mobile
“-ments capable ol mediating their own integration, excision and transfer by self-circularisation and conjugation

. rween bacterial hosts [7]. Over 460 ICEs have been identified to date, (list available at the ICEberg database [8]),ina

wriety of Gram positive and Gram negalive bacterial genomes with this number likely to increase significantly with
“aole genome sequencing. Therefore. 1CEs are sub-grouped into families based on integrase similarity and the specific
~:aration site they ulilise. The largest known family of ICEs is the SXT'R391 group, currently consisting of 89 ICEs

The SXT R391 family (ICEs\thsor) are found in Gram negative hosts and integrate into the prfC gene without
Ssrupling gene Tunction {1]. They encode several antibiotic and heavy metal resistance determinants and mutagenic
NA repaif genes and promote the mobilisation of non-transmissible genomic islands and virulence plasmids between
=15 |5, 10]. Scquencing of ICE R391 and ICE SXT revcaled that both ICEs shared a core molecular backbone [5, 11,
°| of genes related to basic ICE functionality (integration, excision and conjugative transfer). Subsequent members
mere allocated to the {CEgy; rsor family based on this conserved backbone and synteny. To be categorised as an
T/R391 family member. an ICE must encode an integrase gene highly similar to intSXT/R391 and integrate only
s the prfC gene [13).

Ihe core 1CEqx; r3or backbone of genes contributes to the ICEs’ ability to be stably maintained within and transferred
setween a range of enterobacterial hosts. Comparative analysis has ailowed determination of the locations of accessory
e insertion into the core ICEg\ 1 ryor genome and allowed observation of the diversity of encoded antibiotic and other
=sistance determinants.
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