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ABSTRACT

IniB- the main external virulence factor of the bacterium Listeria munucytogenes- contains seven paralle] p-
strands at ns concave face with a patches of tive exposed aromatic amino avids as a hot spot for host Teceptor
(Met) biading. For better understanding of eaergetic and physicochemical properties, (un)folding trensitioa,
hinding affinuty and majmetic shieidiag wnsors af 1nfB-LRR-B-sheet ab intho computer-gided metbods have
been performed at the Hartree-Fouk level, These caiculations are based on the iafiueace of solvent polarity as
well as bydrogen bond danor and aceeptor strength of 1t with respect to the self-consistent reaction fHeld
(SCRF) metbod using Onsager model. The optinized molecule with 6-31G(d.p) basis set in the gas phase
was used as initial input for subsequent HF'SCRF caleulatiaas impiementing 6-31G(d,p} atomic hasis set
sirnulate the sobvent effect. To gam further insight to selvent effects on aramatic aming acids N and "0
atoms eagaged in hydroygen boading with recoptor, NMR studies bave heen carried out on the hasis of gauge-
nchuding awomiv arbital (GIAQ) method at HE/6-31G {d,p) level of theory HF caiculations obtwined with a
good agreement by the presented experimental data aad predict the most malecule instability in the solveats
by low dielectrie constants like THF and existence of a cooperativity among B-strands. physicochenically
There are various potential of hydrogen bond donors and acceptors ameng this unique, packed and cxposed
linearly arramgemeat af aromatic amina acids that have made 1t au ideal part for drug design.

Kevwards: InternalinB, B-sheet fun)folding; Ab initio; Solvent cffoct. NMB caloulativns: Bunding nffinity

INTRODUCTION

internalins frorm Listerta monocytogenes represcmt a
distinet elass of proteins that have been optimized for
the specifie Interactions with different host cell receptors
throvph the course of evolution. Invasiveness of (his
baCtenurn for mediating systemic infection is a tragt
that is acquired afler the ability of auaching,
inicrnalizing and spreading in the geveral tissues and
cefl types of cukaryotic host cells expressing Mot
receptor such as epithclial. endothelial, hepaue cells
and fibroblasts [1]. These eharacicrs are induced hy
Internatin B (TalB), a Listeria surfacec-associated
virulence  protein,  TnlB 1y structueally  well
characterized. 1L has a moduiar architecture cornprised
of an N-terminal cap domain. a LRR domain of 22
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amine acid repeats and an interrepeat region
(IR} domaia followed by a sccoad repeat region
that non-covalently anchors the protein o the
bucterial cell wall [2,3].

The seperfamily of Lcucine-rich repeat (LRR)
proteins are a prominenl group of proteins
containing tandem repeats f4), InlB LER domain
containg seven tandern P-strands that form a
conhnuous f-sheet with aciphboring strand 1 the
concave side of the moleen]e,

A patches of five exposed aromatic amino
acids (Phel04. Trpi24, Phel26, Tyt 70, Tyr214)
sirclehing over the eatine concave face of the
fi-shect in close proximity, 15 considered as a
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kot spot for host receptor binding [5]. Regarding
the symple stability. folding and topology of
repetitive proteins, they should more readily
aceessible 0 cxperment and theory than other
Tess regularly structured proicins of similar size
[6]. The kinetics and thermodynamics of IniB and
f-sheet folding have tradivenally been studied by
pptical spectmscnpies, ealorimetry and scaticring
lechniques  [7.8]. Although  thesc  techniques
provide erveial informatinn about glohal structural
transittons, but provide relatvely fittle direct
mformation about site-specific structural featres
partieulariy at the atomic levels.

With molecular models and  statistieal
mechanics. it is promising to provide a micrescopic
view of the hving systern mechamisms. S0 we
mvestigated the charactenstic and {un)felding
properties of IniB B-shect and its aligned aromate
an arming acids as the example to dllustrate the
microscopic analysis of  maeroscnpic
thermedymamics data that have performed up 1©
now. On one hand, while the silvalinn free encrgy
is more difficult 1o model, useful results can be
obtained with simple approximatiuns like ab initio
Self-Conststent Reaction Ficld (SCRF) model. This
method provides a powerfid tool to mvestigate the
extert  of  hydrogen-honding  and  polarity/
polarisahility propertics nf the solvent and s
influence on the physicochemical quantities [9]. On
the other hand, ab initic muolti-puclear NMRE
ealcunlations is taking an imporant posdinn in
understanding the functions of hiomelecules and
the role of their structure in drug design[10]. Atoms
m diffcrent envirommnents experience diflerent
amount of shieldings. So, the lack of cxperimental
NMR data mouvated us to calculate NMR
shiclding tensors of nitrogen and oxygen atoms of
aromahc B-sheet residucs and in a wide range ol
snivents cncorapassing a broad  spectrum of
polarity and hydrmgen-bonding properties in the
basis of gauge-including atomic orbital (GLAQ)
method [11]. These fndings help to deeper
understanding of InlB [-shest stability and
fum)fulding pathways and comparmg  chenical
shifts varanons umder sorme conditions such as
different dielectric constant values. Changes in
sodvent polarity may influence intermolecular
shielding of IniB B-sheet. Thereby, these computer
simulatiuns cumplernent the macroscopie views of
the experinental processes and open up practical
stratcgics to discover nowel therapeurics and
protein-based drug design to combat this insidious
Dacie nurn.

THEORETICAL METHODS
The ecordinates of the amintl aeids dismibuted m
sevenl tandem f-strands { residues 4-0 in each
repeat ) in In!B Prsheel was taken from the X-ray
coordinate file (Protein Data Bank { BDB) cotry
code: 1DOB ) 7). Hydrogen atoms nat ineluded
m the PDB ﬁlﬂ were gencrated by the standard
MM proeedures in HYPERCHEM paukage [12].
The eoncave faee of [-sheet and  lipear
arrangement of aromatie rings i shown in
{Fig.1) and the atom numbering nf five aromatic
aminn acids uwsed throughmut :the text s
included. |

We consiocted three fragments of [-sheets
that 3s mtrodueed by partl (2 first p-strands ), part2
(2 second [-strands) and part3 {three third p-
sirands) (Fig. 1). After preparing appropriate
models, all fragments were optimized with STO-
3G. 3-21G and 6-31G {dp) basis sets m the gas
phase at the Hartree-Fock (HF} level of theory to
determmine  the molccular geometry with the
GAUSSLAN 98 suite of programs [13]. |

The HF optimized parameters were uged as
initia] mput fur subsequent HF/SCRF calculatinng
at HF/6-31G (d,p) level of theory in five different
Sﬂ]‘u'enth mecluding water, DMSO, ethanul aceinne

and tetrahydrofuran (THF). The simplest SCRF

model s based on the Onsager's reachion field
theory of electmstatie solvation. [n thid model the
solvent is considered as a uniform dicketrie with
a given dieloctric constant {¢).’ The snlute is
assumed to ocoupy a spherical cavity of radius a,
inside the solvent, The permanent dipnle moment
of the solule will induce a multipole in the
surrnunding medium, which will interdct with the
permancit molecular dipole, culminating o net
stahilizatinn [14]. The cavity radi for the SCRF
calculations were determined from the cstimated
muiccular  volume of  the - lhrcn. parts.
Consequently, for cstimating solvent effects un
the nitrogen and oxveen atoms of aromatic LRR
residues shieldings and magnetic suséeptibilities,
HF/NMR calculations bascd on GIA(Q method
with 6-3 1 Gi{d,p) basis sol, were pcr'ﬁm?ed [11].
oo
RESULTS AND DISCUSION
p-Sheet Conformation in Different Media
Table 1, provides results for tatal energies and dipule
moments of f-sheet parts m gaseous phase anmd
sodvenl modia, As it appearad the dipble momen
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values arc increased on going from the solvent of
high £ to Jower e. Also, the total energies have been
obtzined more negative. It means that the physical
propertics  of three Psheet parts i low-polar
solvents on cssentially similar scaffold are disrupted
and there is direct comrelation between dipole
motment and the eorder of instability under SCRF
condifions. f-sheets needs to charpe distribution
alongside the whole molecule far conserving nf their
folding and activity, so increasing end of dipole
mntment is indicative of focused cleetron clouds and

somehow denaturation [15].
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Fig. L. The coneave face nf -sheat including five
expused aromatic omine zods and atom aumbering
were uscd for the analvsis

On the other hand. the solvation cnengy
calculaled by the SCRF mohod corresponds to the
electrostatic contmibution to the Fee energy of

solvation. This method cvaluates only the
clectrostatic  component  of  solvation  [16].
T.Lazaridis and MKarplus reported that the
elecirostatic solvation energics in unfolded state arc
moTE  fcgative  primanly  bocause  back-bone
hydrophobic bydrogen bonding groups buried in
the native state become more exposed to the
solvent [17]. Mnst nf the pP-sheets fold with an
identifiable core of hydrophnbic residucs which in
the casc af InlB B-shcet it is mare significant and
this buried hydrophnbic group bectme accessible
in w-polar snivents culminating to protein
unfolding [17]. So the negative trend seen in tntal
energcs from water o THE is representative nf
unfolding nf the molecule. wo. The mnlceule has
the most stabilities in water and the shifls obtained
in dipole moment for polar solvents are relatively
closed to each nther and gradually towards the low-
polar solvents the deviations will be more
pronounced in whieh in THF there is the least
stabilities, As it appeared all 0f the conciusions are
m a good agreement with each niher. Tt fs worth
nating that aii three parts in performed caleulations
react in a similar [ashion. Sn, it seems that there is a
cooperalivity among the B-strands in which taken
together determine the whale f-sheet character.

Multi-nuelear NMR Studies in Vacuum
and Solvent Media

It is valuahlc to caleulate quantum mechanical
propertics of muclei in the basis of NMR
assighments in arder to prohe ligand-receptir
binding via determining of chemical shift
mapping and dynamics. Different solvents and
chaoges in snlvent polarity may influence
miermalecular  shielding of IlB  P-sheet,
Typically three principal eignvalucs ( o), o3 63 )
and the isotropic value {w,,}, the anisotropy of the
NS0T (oo} can be predicted by suitabic
quanmum  mcchantcal computations 18], I is
useful to express shielding tensor data using three
other paramcters as well as the prncipal
compnnents including As (shielding anisotropy
tensar), & (chemical shift) and v (shiclding
asymimetry) [18].

As it appeared from Table 2, there 15 ondy a
small dependence of the nuclear shieldings on the
various envirorunents and the solvents employed
is likely to enter into rather weak molecutar
mteractions with the solulcs in which a smail
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change in chemical shift values i1s seen while
going [rom gascous to liquid phase environment.
This apparent insensitivity of N and "’Q atoms
shieidings to solvent effects seems to stem from
the rigidity of this molecule. As a result, ths
repetitive unite can easily accnmimodate a large
range nf repeats in which there arc borween six
LRRs in InlC to 15 LRRs m IntA [19]. Also, these
theoretical values of the nuclear shieldings can be
compared with the expedmental data, because of a
smail solute-to-solvent interactions. Nevertheless,
gas to snlution shifis of the NI120 in Phell6
aming group and 0101 in Trpi24 carboxyl group
shieldings arc relatively mnre pronounced.

On the other side, according to the Tahte 2,
there arc some differences between the aromatic
rings and backbone carboxyl and aming griups
nitrogen and oxygen aiftms chemical shifts m
solvent media. It can be hypolhesized that the
solvent effect s the major differences between the
core and more exposed atorns. Also, on one hand,
well-known ring current effects on N and O atims
attached to the aromavc rings can influence these
atoms chemieal shift vanations and on the other
hand, intramelccular H-bonds between internal
atoms forming this sceondary structure (B-sheet)
impede the formation of intenmntlecular H-honds
to selvent, So, it seems that the saturated
nterfaces between [-strands by hydrogen bonds,
can influence the physicochemieal behavior of the
melecole.

Accnrding to the (Fig. 2a) the hydrogen
bonding of THF with NH of the Trp indole ring
has more ctfect on the "N chemical shifis
consequently significant elfect on the electrontc

: "
.
1

configuration of ndole and then amma acid. As
discussed above, the most instability represents in
the THF. Furthermore, the downfield movement

in chemical shift seems to anise from increasing .-

delocalization of the nitrogen lone pair hy the n-
electron  system  which vesuits in  increased
amsotropic  deshieldmg with the decreasing
polarity af the medium and the most density
changes is resulted from the interaction with THE.
The extension of & resonance systermn in mdele
ring ¢an play a considerahic relc in this hehavier,
too. The only cxception is DMSO that induces the
lcast chemical shill in Tep-indele-N awom. |

in Tyt-phencd-() ators, this trend is identieal
and inversed and the defocalization of electron
lone pairs and shiclding vadations follow the
pofarity of the solvent in the sense of enhanced
deshiefding with the increasing pelanty (Fig. 2a).
Thas cbaracter likely is mire stressed by forming
partiai double hond of the C-0 bond on aromatic
ring inducing by m-resonance system. It is to be
noted that regarding to the ;Tyrl170:0 mng,
Tyt214-0 ring has the maximum chemical shift
valucs in all the environments (Tahle 2}. |

The anisntropic valoes of amino groups
nitrogen atoms predict the frder of deshielding
as N204>N2B4»N120>NO8 in different. media.
So, Tyr-170-N and Trp-124-N amino groups
bave the most and the least chemieal shift values
in above-mentioned cnvironment, respectively
{Fig.2b). The same deshieiding trend is seea for
carhoxyl groops oxygen atoms in which Tyt-
{700 and Trp-124-0 carboxyl groups undergn
the most and least ¢hemical shifts in different
media (Fig. 2b). b

|
Table 1. Calculated wotal energics E {in keal‘mol}, dipele moments p {(in Debye) of B-sheet pans versus
dicloetrie constant e at the HE/6-310G(d,P) level of theory i

I
E{kcal/moi} LTt
u (Dehye) bk
e Yucuum Watcr DMSO Ethanol Acetonc TH
1 739 46 8 24.55 207 738
Part | | -VSZ03T39I6 ESI037IONT LLSZDATIORL -AS2OR7A0S1 AS20373973  -IS20375.157
8672 067 B6TH 8724 8,750 10657
1
Papt 2 | -1SN393E ST S22 SBIBTA360  -ISMI3TANTS  -1S31379.685
4.3 43045 4304 43364 43391 3,601
Part 3 | 982743 29BA26ETI 22BGETE  2GMIGI08 263D | 2208429461
E.£59 3.6 297 206 9 i3 13 {13
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Talve 2. NMR shielding values of N agd "0 {in ppm} calevlated fur aromatic aming acids at HF/6-316 level of theory

in vacuum and solvent media

Gas Phase
Phellé Teplld TyriT0 Tyi2l4
Atdm | N1Z0 0123 L0 (6] 11}] kL] 021% N2i4 0207 295 N4 0207
U [ CEUM ADSOGKT 2221070 SDMEIS  ESBB 284508 463503 415307 33105017 MANA 391 0ol
Tay | I6RAHD B0 eMgile (EMAIM S656336 WOESZA GMIATH (2557614 LOSOADGZ O3 GAST 1200089
Ao G085 EZZLORS GRBIIN  (EM43B GOLUE EEDISZZIS ASOTS 12553634 ION0eeZ STORISD 170010
1 053857 A8376 0I2WE 0617 047575 06742 ATRT9 06NF6 0TINGE  OFNOS4 Darli3e
i |doazvas 1473 B5.%416 785 257 SIAZE S6TANE ASMESE MTTSE TIZORRS 4T O0ER SOOLIZE
water
giso | -11S09T  ATEST  22ITS AMBME 35900 284885 46M0R  4ISAISS 991K 1426130 ~4H 5611
Cane | S67H02 1IN 06 SEOTME HLTAFETI S6SHMS  1SDLAME  G00MSSH I3SSTOH LG93RI0 STIREDT 290 260%
do | A5 EXNENS ORGTMS NTEISTES SOR09E  BAHAME SRR TRS  [DS TS I0O9INIS 70 T3 12003695
1 OFTR 06333 QUZIBLR QBETIZT 0ETT BaMaMe  ATAEIY  QRIITRT  QTZOTT OFNSI4 D5 E
& 05030 BI4I3F G59RE] TASBAIE a%p3m3 563,761 SAFIRET EITI966  TIZOTME dnieed  RNOGTYS
DMS0
Ggo {HEAIRTE  AOLTT8 ZDEMO BBMEME L5860 JBHASTT 463513 ATSAINE SIOSTS0 .44 6l3E 391566
T | 3EFI06T MEIiar WBSmM LGRS SESETER LROEGI6 6004589 12SA8DN7 10993013 SOISORY  1TROIAES
Am | HISENITNA50 0RG0AA BUT9SEES  SOZIST 1M 63SE  ABMTOSA EDSLEMS MO ST JIn0ISu
n O8TTE D&3MA B Q6ITM DE™IT  G6TTIST TR DELIM3E DTN 07ROSTT W27
8 #3459 8143266 RSO3 WBEA S0ES0T BTTITM ASIHEI6 RITI062  T3ONS 44T 16R MR LT
€ Ethancgl
T | -HFIS6 MTeIEr  IMIRAE ATROMI RLSOB 534039 4635 25342 1193805 LM S0 39F oMo
Oima | ITRRTS  LIINE 95IME LINTNEE SEONE DRI GOAIRE  ITSSOTN 998611 SRMSS )03
A | SRS 22236 eeM NTRIEES WRISE WM 6SORIS?  E2STOM0  LOKMDRI06 670 TIES 1200 534 |
M OR7RIIE  0EIET  QLIMD n&LTS QEMALD BENTTR ATEMRLE 063ERT WTI9OIR 0TOS46 06256 |
3 AT BRI e MS2 TRSRSY 0800 GRE0IST 9SISAI EITIES TM4ME 47589 KD 2I7 |
£ THF
O 03443 ATEND 2GR MRDIT L6IME IRREIM —I46DT02 ATTOTRL SIOOMIZ L4470 393 3970
Omn | FT0IEE A2 B0RH2 LMY 66 TME GRSEIL SOGSEL ISR EAGT  L9TTIY  SOR6SED  [303 0302
Ag | -60R024 12TV BELIZ LIT9OIET SR AR BY564 GBE990 eI RMET ORI M YT EMO 0Mi
M UETTE 6632606 DHIOST 0 Bi6RI 87316 DesosBl B TEASIS ORTITUNE 0T0Z2 DTGRRST M-
3 ANE35 RI44RRT 66 TREI MabIT anizme 45,734 SRR BI043TH TEES4IT 4TI mpangn
= =
" Q215 I 0285
ph . -
[ 1]
[:Lalu} 1
an 1I-
E E1i]
| = T
| " k|
5l
\ paa +
. =1 of o1 o4 n L] NED HIE M2l& Mz«
1ne l. 1fLnE 1
@) | ®
Fig. 2. The graphs of a) shiclding anisotropy tensors of Trp-indele-'"N and two Tyr-phenol-"'0 atums, b)

. . 5 . 17 -
anissropy shieldings of armino groups- N and shieldinp anisotropy tensurs of carbuxy! groups- 'O 1n aromatic
amingy actds (in ppm) for ditferent valucs uf the dielectric constant [1/Lne] at the 6-31G Level of theory in the
basis of GlAC methed,
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So we ean hypothesize, Y170 which 15
eentrally Jocated at this exposed furmed string on
the copcave face of the InlB, Iikely play an
impertant role in receptor binding. Tn spie of
F104, F126, Y170 and Y 214 which occupies third
residucs uf the f-strands of repeats 2,3.5 and 7 of
the LRR domain respectively, W124 s locaied at
position 1 of the third repeat. So it is aranged
alongside the central aromatic stnng and is at a
lesser extent invelved in solvent inieractions [9].
Because the solvent effect is the major differenee
between the internal and surface residues [20].

CONCLUSION

Omne arca where ab mitio caleularons can be useful,
is the process of protein (unjfolding and binding
between a macromolecnle and a ligand. Since high-
affimty binding events between InlB LRR and Met
is necessary for intermalization of bactenium
Listena mupocytogencs into the host cells, it s
desired tu understand the cnergetie and structural
details of such interactions via caleulations earried
out in the gas phasc incorporating  with
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