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Abstract CollectiveDomainMotions in Tt LeuRSs BestDescribedby Mode 1 Statistically Coupled Residues T LeuRS
Stagel: Clustering Stage2: Reclustering
LeucyitRNAsynthetasesre class $ynthetaseghat catalyze the covalent attachment a) b) C) d)

of leucineto the tRNA=®Y The threedimensional crystal structure dthermus
thermophiludeucyHRNAsynthetasq Tt LeuRpdemonstrates a complex modular
architecture where three flexible domains [the conserved connective polypeptide 1
(CP1) domain (residues 2247), theleucinespecific (LS) domain (residues 5/3),
and the zinel (ZN1) binding domain (residues 18489)] are inserted into the central
catalytic domainX). The crystal structure of thEt LeuRSRNA®"complex (in post
transferediting conformation) demonstrated that the CP1 domain undergoes a
rotation of 38 from the position observed in thERNAunbound form. The LS domain,
which is critical foaminoacylation undergoes a rigibody rotation of 19(2). Various
structural elements (including catalytically importarf®MGH and ¥¥8MSKS loops) in Mode 1 Mode 2 Mode 3
the central catalytic core also undergo considerable conformational changes due to
leucyladenylatebinding (). These substrate induced conformational rearrangements
of various structural elements dit LeuRSuggest that cooperative domain dynamics
play an important role in the enzyme function. In the present work, we have

Three lowestfrequency normal modes obtained from ANM calculations using open
form structure ofTt LeuRS J
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Investigated the collective motion of various structural element$tibeuR&Ising Overlap. Correlat d collectivity val  the three lowl enc ) ")
normal mode calculations. In addition, statistical coupling analysis has been perfarmed verlap, Lorrelation , and collectivity value or the three lowesguency
. . . . ... modes involved in the conformational change
to examine if the evolutionarily coupled networks of residues have significant
contributions to these concerted domain motions. Taken together, these studies |
demonstrate that domain motions ifit LeuR%ire indeed cooperative in nature and Properties Mode 1 Mode 2 Mode 3
lead to the identification of the network of residues that propagate loaigge
interdomaincommunications in this enzyme. ~ Overlap 0.72 0-60 0.71
(direction of motion)
Correlation 0.51 0.56 0.31
(magnitude of motion)
Objectives
Collectivity 0.37 0.20 0.42
To understand the domaidynamics offt LeuR%t the molecular level antb identify SCA oteuR3amily. a) the color scale linearly maps the data frokT((blue)
residuenetworks that mediate domakdomain communications in this enzyme. to 1 kT (red); b) theunclustereamatrix; c) statistical coupling mathere rows
represent positions (N to C terminus, top to bottoand columns represent
359 perturbations (N to C terminus, left to right):fiiTwo dimensional clustering showing
a) D) three separate ceevolving networks.
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 Mag yh ey | P of Tt LeuRSOut of 876 residues dit LeuRSonly 58 residues were identified which
exhibit strong ceevolutionary pattern of variations as well as coupled dynamics.
Normal I\/IodeAnaIysis (|\| I\/IA) a) Crossorrelations map for residue fluctuations in mode 1 that is most involved in the
conformational change. Correlated motion is shown by positive values ufgredn to
_ _ _ red) andanticorrelatedmotion is shown by negative valudeswnto -1 (cyan to blue); b) Conclusions
The collective motion of the structural elements of a labgemoleculecan be Protein segments engaged in correlated amticorrelatedmotion with respect to LS
represented by normal modes. Itis believed that the lowest frequency flarge domain (green) are colored in red ahtlie, respectively. s/Cooperative Domain Dynamiche NMA study demonstrates that mode 1
amplitude) n_ormal modes of a mukﬂlomz_am enzyme describe the functlonally adequately describes the conformational change inTheeuRSAnalysis of the
relevant motions Normal mode calculation is based on the harmonic motion indicates that the LS and CP1 domains are engageticorrelated
approximation of the potential energy function around a minimum energy motion.

YLCoevolved Residue NetwoBCA has identified a core set of residues which are
Statistical Coupling Analysis (SCA) evolutionarily coupled and reside at the domain interface. They form a sparse bt
contiguous network of interactions between the domains.

conformation. In this work NMA was carried out using the elastic network model
(3). In the elastic network model, protein residues are represented by only @heir

atoms. TheG, atoms on a protein backbone are considered to be connected by YAdentifying a Functionally Relevant Netwo@kombined results of the NMA and
uniform springs and the harmonic potential is given by: (/! A& o0laSR dalRy G(KS FaadzyLliazy (KL SCA have produced a subset of residues which are not only correlated by  § I¥
. evolution but also are coupled by thermal motions. These residues are within th

for structural or functional reasons, should cause those two positions- €02 { |83 | 5nderWaals contact and appear to be critical for maintaining key structural

ZC(dpq_d (5). The overall evolutionarily conservation parameter at a positiorthe scaffolds and domain dynamicsTibLeuRS
sequence of the chosen protein family is calculated and expressed as YMutational Data | |
whered,, is the distance between atonsandq, d,, is the distance between AGSE_ KT [T (P /PX A)]Z EXIStlnq‘Et.hcoll(EQ LF%'R%u}atlor(‘jailihdata d”emonstlraées tl’_]élilt murt]anon oft
- : - : Stal _ n(P some of these evolutionarily and thermally coupled residues have a stron
these FWO atoms_ In the given crystallographic struc_:tlﬂes t_he strength O.f the ! \/X HITMS Impact on enzyme function. For example, mutation of a single residue at the
potential, andR; is an arbitrary cubif parameter which defines the maximum interface of LS and catalytic domains (position 577) alters amino acid
Interaction range between,@toms. wherekT* is an arbitrary energy uniBXis the probability of any amino acicht site discrimination andRNAaminoacylation6).
Inthis work Anisotropic Network Model (ANM) Is used to describe i, andPy,sXis the probability okin the MSA. The coupling of sitaith sitej is Mutation of pOS't'OncSE292 and 188 havel S'g”'f'ca”t effect on SIS Ca;\a' Sis
functionally important collective motions @t LeuRS In ANM the fluctuations are calculated and expressed as iVarious constructs dicLeuRa _ 2 0 U ySR,_0€ RSTSUAY 3
. . . . . ' LINRET2dzy R STFTSOU 2y SRAUAYI NBI Q
a”'SOtFOF"C _and the overall potential of the system is a sum of the harmonic stat % X residues (position 423 and 216) are thermally and evolutionarily coupled with
potentials given by: AAGPT™ = KT \/Z[In (RY5; /PisAd;) ~In(R* Ris ] the main body of the enzym@), - | |
y i I 0 :] fThese mutational results support the validity of this combined NSAXA
Vv == I'ng R, — R . - e . .. ' ' ' nt resi which are involved in maintainin
ARM ™2 q,éﬁp pa #Rpa ~Rpa) ™ _ wherePx| & is the probability ok at sitei dependent on perturbation at site ﬁ]pepg%%%he;gdsg rat(l;‘%/ng}ﬁ ::In;ﬁg%?cs. esidues which are involved in maintaining
| | o We performed SCA on an alignment of 4@étein sequences dieuRS YFuture work Mutational studies to further explore the role of networking
wherey represents the uniform spring constam,,” andR, are the original and family. The SCA was performed by systematically perturbing each position where | residuesidentified in this workthat mediate longrange communications
Instantaneous distance vectors between residpesdq, n, is thepg-th element specific amino acid was present in at least 50Bthe sequences ithe alignment. between domains.
of the connectivity matrix of interesidue contacts. Based on an interaction-offt The initial clustering resulted in a matrix wBf6 (residue numbex)216
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